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INDUSTRIAL  and  ENGINEERING  CHEMISTRY 


ANALYTICAL  EDITION 

PUBLISHED  BY  THE  AMERICAN  CHEMICAL  SOCIETY  •  HARRISON  E.  HOWE,  EDITOR 


Effect  of  Sulfur  and  Sulfur  Compounds  in 
Naphtha  upon  Certain  Corrosion  Tests 

Sensitivity  of  the  Doctor  Test 

L.  M.  HENDERSON,  M.  S.  AGRUSS,  and  GEORGE  W.  AYERS,  JR. 

The  Pure  Oil  Company,  Chicago,  Ill. 


N  THE  manufacture  of  special  naphthas  it  is  desirable  to 
know  the  effect  of  dissolved  free  sulfur  or  sulfur  com¬ 
pounds  upon  the  distillation-corrosion  test,  the  copper- 
strip  corrosion  tests  at  50°  C.  (122°  F.)  and  100°  C.  (212°  F.), 
and  the  doctor  test  of  the  naphthas.  Since  there  are  few 
data  on  this  subject  in  the  literature,  the  authors  have  deter¬ 
mined  the  effects  of  a  number  of  mercaptans,  sulfides,  and 
disulfides,  and  of  free  sulfur,  n-dibutyl  sulfone,  and  thiophene, 
dissolved  in  Stoddard  solvent,  varnish  makers’  and  painters’ 
(V.  M.  &  P.)  naphtha,  and  rubber  solvent  upon  the  distil¬ 
lation-corrosion  test,  the  copper-strip  corrosion  test  at  50°  C. 
(122°  F.),  and  the  doctor  test. 


Table  I.  Tests  on  Naphtha  Samples 

(From  Michigan  crude  oil) 

Stoddard  V.  M.  &  P.  Rubber 
Solvent  Naphtha  Solvent 

. - A.  P.  I.  Gravity  at  60°  F. - . 


54.3 

60.7 

71.4 

A.S.T.M.  distillation 

°  F. 

o  f 

O  p 

Initial  boiling  point 

308 

220 

118 

5%  recovered 

318 

233 

139 

10%  recovered 

20%  recovered 

321 

237 

147 

325 

240 

158 

30%  recovered 

40%  recovered 

329 

243 

169 

333 

246 

176 

50%  recovered 

338 

250 

186 

60%  recovered 

344 

253 

196 

70%  recovered 

351 

257 

206 

80%  recovered 

360 

260 

217 

90%  recovered 

374 

268 

234 

95%  recovered 

389 

276 

254 

End  point 

400 

291 

264 

Recovered,  % 

98.0 

99.0 

97.3 

Residue,  % 

1.0 

0.7 

0.7 

Loss,  % 

1.0 

0.3 

2.0 

Total  sulfur,  % 

0.025 

0.034 

0.010 

Kauri  butanol  value 

31.1 

34.1 

32.7 

Tests  on  three  of  the  four  naphtha  samples  used  in  this 
work  are  shown  in  Table  I.  The  fourth  sample  (Stoddard 
solvent  from  Texas  crude  oil)  was  used  for  the  purpose  of 
showing  that  the  results  obtained  were  not  specific  for 
Michigan  naphthas;  hence  complete  tests  were  not  obtained 
on  this  sample.  None  of  the  naphtha  samples  contained 
free  sulfur  (mercury  test)  or  mercaptans  (doctor  and  silver 
nitrate  titration,  7,  tests) .  They  were  all  sweet  to  the  doctor 
test  and  did  not  tarnish  copper  in  the  distillation-corrosion 
test  or  in  the  copper-strip  corrosion  test  at  122°  F.  (3  hours). 


Since  0.05  per  cent  of  sulfur  possibly  represents  a  maximum 
for  any  one  type  of  sulfur  compound  that  could  be  present  in 
commercial  naphthas  and  since  the  most  severe  conditions 
of  test  were  desired,  free  sulfur  or  various  organic  sulfur  com¬ 
pounds  were  dissolved  in  the  naphthas  in  such  amount  that 
0.05  per  cent  by  weight  of  sulfur  was  added.  All  mercaptans 
used  were  Eastman  materials  which  were  redistilled  and  the 
middle  fractions  used  immediately  for  making  the  naphtha 
solutions. 

Distillation-Corrosion  Test 

For  a  number  of  years  there  have  been  several  types  of 
copper-strip  corrosion  tests  involving  temperatures  in  the 
vicinity  of  the  boiling  point  of  the  naphtha.  Many  are 
simple  adaptations  of  the  ordinary  copper-strip  corrosion 
test. 

The  Philadelphia  Production  Club  ( 6 )  stipulates  a  polished 
strip  of  28-gage  copper,  0.62.  X  4.25  cm.  (0.25  X  1.5  inches),  in  the 
distillation  flask  and  notes  the  discoloration  during  the  distillation 
test.  Birch  and  Norris  (2)  added  a  polished  copper  strip  of 
unmentioned  size  to  the  distillation  flask  and  then  distilled  the 
naphtha  to  dryness.  The  latter  workers  added  various  mer¬ 
captans,  sulfides,  disulfides,  diisoamyl  sulfone,  diethyl  sulfate,  and 
thiophene  to  a  specially  prepared  V.  M.  &  P.  naphtha  in  propor¬ 
tions  ranging  from  0.29  to  0.42  per  cent  of  “combined”  sulfur, 
but  found  no  action  on  the  copper  strips  in  their  corrosion  tests. 
However,  they  did  obtain  pronounced  blackening  of  the  copper 
strips  when  solutions  of  sulfoxides  in  the  specially  prepared 
V.  M.  &  P.  naphtha  were  used. 

About  10  years  ago  a  more  severe  test  of  this  type  made  its 
appearance  and  has  been  very  widely  used  in  the  manufacture  and 
sale  of  special  naphthas.  This  test,  called  the  distillation- 
corrosion  test  in  the  present  report,  consists  of  the  addition  of  a 
highly  polished  copper  strip  (7.6  X  1.27  cm.,  3  X  0.5  inches)  to 
the  A.  S.  T.  M.  distillation  flask  containing  100  cc.  of  the  naphtha. 
Before  the  distillation  is  started  the  strip  is  placed  in  a  position 
as  nearly  vertical  as  possible,  so  that  one  end  of  the  strip  will  dip 
into  the  residue  at  the  end  of  the  distillation.  The  distillation  is 
conducted  exactly  as  specified  in  A.  S.  T.  M.  Designation  D86-38 
for  distillation  of  gasoline,  naphtha,  kerosene,  and  similar  petro¬ 
leum  products,  except  for  the  presence  of  the  copper  strip.  The 
directions  must  be  followed  with  extreme  care  in  the  vicinity  of 
the  end  point  of  the  naphtha.  Heating  of  the  flask  is  stopped  as 
soon  as  the  temperature,  as  noted  on  the  distillation  thermometer, 
falls  slightly  (usually  after  a  temperature  drop  of  about  2.2°  C., 
4°  F.).  The  flask  containing  the  copper  strip  is  allowed  to  cool 
to  room  temperature  before  it  is  taken  from  the  apparatus  and 
the  strip  removed.  If  the  strip  is  removed  too  soon,  it  will  be 
colored  brilliant  green,  purple,  or  red  and  interpretation  of  the 
test  may  be  erroneous. 
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The  results  obtained  from  distillation-corrosion  tests  on 
naphtha  solutions  of  free  sulfur  or  organic  sulfur  compounds 
are  shown  in  Table  II.  A  careful  examination  shows  that 
there  are  two  determining  factors  pertaining  to  distillation- 
corrosion  tests  on  sulfur  compounds  in  naphtha  solution: 
(1)  the  boiling  point  of  the  sulfur  compound  with  reference 
to  the  boiling  range  and  end  point  of  the  solvent,  and  (2) 
the  stability  of  the  sulfur  compound  at  moderately  high 
temperatures.  The  quantity  of  sulfur  compound  present  will, 
of  course,  also  affect  the  distillation-corrosion  test  in  many 
instances. 

Table  II.  Effect  of  Sulfur  Compounds  upon  Distillation- 
Corrosion  Test  of  Naphthas 

(0.05%  by  weight  of  free  or  combined  sulfur  added  in  each  case.  0.0001% 
free  sulfur  in  Michigan  Stoddard  solvent  gives  a  fair  test;  0.001%  gives  a 

bad*  test) 

Boiling 
Point  of 

Sulfur  / - Distillation-Corrosion  Test  Results® - ' 


Com- 

Michigan 

Texas 

Michigan 

Michigan 

Sulfur  Compound 

pound. 

Stoddard 

Stoddard 

V.M.&P. 

rubber 

Present 

°  F. 

solvent 

solvent 

naphtha 

solvent 

End  Point  of  Naphth 

400 

394 

291 

264 

None 

Good 

Good 

Good 

Good 

Free  sulfur 

Bad 

Ethyl  mercaptan 

94 

Good 

Good 

Good 

n-Propyl  mercaptan 

154 

Fair 

Good 

Good 

n-Butyl  mercaptan 

210 

Fair 

Fair 

Good 

7i-Amyl  mercaptan 

260 

Poor 

Fair 

Fair 

Isoamvl  mercaptan 

243 

Poor 

Fair 

Fair 

7i-Heptyl  mercaptan 

349 

Poor 

Poor 

Fair-poor 

Phenyl  mercaptan 

337 

Good 

Good 

Good 

Ethyl  sulfide 

196 

Good 

Good 

Good 

7i-Propyl  sulfide 

287 

Good 

Good 

Good 

Isopropyl  sulfide 

246 

Fair-good 

Fair 

Fair 

rc-Butyl  sulfide 

368 

Fair 

Fair 

Fair-poor 

Fair 

Isobutyl  sulfide 

335 

Fair 

Fair-poor 

Fair 

7i-Amvl  sulfide 

441 

Fair-poor 

Poor 

Fair-poor 

Fair-poor 

Isoamyl  sulfide 

418 

Fair-poor 

Fair-poor 

Fair-poor 

Ethyl  disulfide 

307 

Good 

Fair 

Poor 

Bad* 

n-Propvl  disulfide 

377 

Fair 

Poor 

Bad* 

Bad* 

7i-Butyl  disulfide 

442 

Fair-poor 

Bad 

Bad* 

Bad* 

n-Amyl  disulfide 

518 

Bad* 

Bad* 

Bad* 

Bad* 

Thiophene 

183 

Good 

Good 

Good 

7i-Butyl  sulfone,  m.  p 

44 

Good 

a  Good,  no  coating  on  strip. 

Fair,  slight  discoloration  of  strip. 

Poor,  more  or  less  corrosion  of  strip. 

Bad,  gray  or  black  coating  on  strip. 

Bad*,  black-scaly. 

Mercaptans  are  rather  unstable  substances  (5)  at  mod¬ 
erately  high  temperatures,  breaking  down  into  olefins,  hy¬ 
drogen  sulfide,  and  other  products.  The  effect  of  heat  on  the 
breakdown  of  mercaptans  is  strikingly  illustrated  by  the  dis¬ 
tillation-corrosion  results  on  mercaptans  in  Stoddard  solvent, 
Y.  M.  &  P.  naphtha,  and  rubber  solvent.  The  Stoddard 
solvent  has  the  higher  distillation  range;  hence  the  mercap¬ 
tans  which  have  not  already  distilled  over  are  subjected  to  a 
much  higher  temperature  than  when  rubber  solvent  is  used. 
In  general,  the  distillation-corrosion  test  gives  a  more  cor¬ 
roded  strip  with  the  higher-boiling  naphthas  than  with  the 
lower-boiling  ones.  Phenyl  mercaptan  is  more  stable  than 
the  aliphatic  mercaptans  and  hence  has  no  noticeable  effect 
upon  the  copper  strip  either  in  Stoddard  solvent  solution  or 
in  rubber  solvent  solution.  If  the  mercaptan  has  a  suf¬ 
ficiently  low  boiling  point,  it  distills  over  completely  with  the 
naphtha  and  the  distillation-corrosion  test  is  good. 

Aliphatic  sulfides  are  somewhat  more  stable  to  heat  ( 2 ,  9) 
than  are  the  corresponding  mercaptans.  This  fact  is  shown 
in  Table  II,  where  the  results  for  aliphatic  sulfides  are  slightly 
better  than  those  for  the  aliphatic  mercaptans  of  corre¬ 
sponding  boding  points.  Though  many  of  these  sulfides  have 
boiling  points  above  the  end  point  of  the  particular  solvent 
used,  there  is  insufficient  decomposition  of  the  sulfides  to  give 
bad  distillation-corrosion  tests.  The  results  indicate  that 
the  slight  corrosion  of  the  copper  strip  is  due  in  each  case  to 
the  slight  breakdown  of  the  sulfide  concentrated  in  the  dis¬ 
tillation  residue. 

Disulfides  are  apparently  stable  in  naphtha  solutions  at 


moderate  temperatures,  but  when  decomposition  does  occur 
(in  the  distillation  residue)  very  corrosive  products  are  formed. 
If  the  disulfide  can  be  distilled  over  with  the  naphtha,  the 
distillation-corrosion  test  will  be  satisfactory;  otherwise 
copper  strips  will  be  obtained  which  are  very  badly  corroded. 
The  lower-boiling  disulfides  affect  the  copper  strip  less  when 
dissolved  in  Stoddard  solvent  than  when  dissolved  in  rubber 
solvent. 

Thiophene  and  n-butyl  sulfone  in  naphtha  solution  do  not 
affect  the  copper  strip  in  the  distillation-corrosion  test. 
Thiophanes  were  not  dealt  with,  since  they  are  simply  cyclic 
sulfides  and  react  as  such. 

The  authors  have  found  that  0.0001  per  cent  of  free  sulfur 
in  Michigan  Stoddard  solvent  is  sufficient  to  affect  the  dis¬ 
tillation-corrosion  test.  In  most  cases  in  which  bad  distilla¬ 
tion-corrosion  tests  were  obtained  with  solutions  of  sulfides  or 
disulfides  in  naphtha,  the  distillation  residue  contained  both 
free  sulfur  (mercury  test)  and  mercaptans  (doctor  test  after 
hydrogen  sulfide  removal). 

Copper-Strip  Corrosion  Test 

The  copper-strip  corrosion  test  at  122°  F.  (3  hours,  1)  is 
widely  used  for  all  light  distillates  in  the  petroleum  industry, 
but  there  are  very  few  data  in  the  literature  concerning  the 
effect  of  free  sulfur  or  of  sulfur  compounds  upon  this  test. 

Wirth  and  Strong  (15)  have  shown  that  the  smallest  amount  of 
free  sulfur  in  mid-continent  straight-run  gasoline  or  mid-conti¬ 
nent  cracked  gasoline  which  affects  the  copper-strip  corrosion 
test  lies  between  0.003  and  0.004  per  cent.  Wood,  Sheely, 
and  Trusty  (17)  found  that  a  0.26  per  cent  solution  of  free 
sulfur  in  naphtha  reacted  strongly  with  copper  in  the  copper- 
strip  corrosion  test;  they  also  claimed  that  a  solution  of  isoamyl 
mercaptan  in  naphtha  (corresponding  to  0.29  per  cent  of  mer¬ 
captan  sulfur)  reacts  mildly  with  copper,  rt- Butyl  sulfide  in 
naphtha  (corresponding  to  0.30  per  cent  of  sulfide  sulfur)  was  un¬ 
reactive  to  copper,  n-propyl  disulfide  in  naphtha  (0.36  per  cent 
disulfide  sulfur)  was  practically  unreactive,  and  n-butyl  sulfone 
in  naphtha  (0.08  per  cent  sulfone  sulfur)  was  unreactive  (17). 
In  the  presence  of  air,  copper  powder  reacts  with  mercaptans  in 
hydrocarbon  solution  at  25°  C.  to  give  cuprous  mercaptides  and 
disulfides,  but  it  is  indifferent  to  alkyl  sulfides  and  disulfides  (10). 

Table  III.  Sensitivity  of  Doctor  Test“  with  Solutions  of 
Mercaptans  in  Naphthas 

(Minimum  %  by  weight  of  mercaptan  sulfur  in  naphtha  required  to  give 
positive  doctor  test) 


Mercaptan 

Michigan 

Stoddard 

Solvent 

Michigan 

V.  M.  &  P. 
Naphtha 

Michigan 

Rubber 

Solvent 

1°  Benzene 

Ethyl 

0.0006 

0 . 0005 

0.0006 

7i-Propyl 

0 . 0003 

0.0003 

0.0003 

n-Butyl 

0.00015 

0.0002 

0.00015 

o!666o 

7i-Amyl 

0.0002 

0.0002 

0.0002 

Isoamyl 

0.0001 

0 . 0002 

0.0001 

n-Heptyl 

0.0001 

0.0002 

0.0002 

Phenyl 

0.0010 

0.0010 

0.0008 

a  Federal  Specifications  VV-L-791a. 

A  0.05  per  cent  solution  of  free  sulfur  in  Michigan  Stoddard 
solvent  was  prepared  in  the  following  manner: 

An  excess  of  powdered  roll  sulfur  was  weighed  into  a  known 
amount  of  the  solvent;  after  standing  for  3  or  4  days,  with  oc¬ 
casional  agitation,  the  suspension  was  filtered  through  a  weighed 
Gooch  crucible  and  the  filtrate  carefully  removed  and  saved. 
The  sulfur  on  the  Gooch  crucible  was  washed  with  ether  and, 
after  drying  at  105°  C.,  was  weighed.  Tests  showed  that  the 
ether  washings  contained  no  detectable  amount  of  sulfur.  From 
the  weight  of  sulfur  dissolved  by  the  Stoddard  solvent,  calcula¬ 
tions  were  made  and  the  sulfur  concentration  was  adjusted  to 
0.05  per  cent  by  weight  of  free  sulfur  by  adding  the  required 
quantity  of  fresh  Stoddard  solvent. 

This  solution  was  strongly  corrosive  to  copper  in  the  copper- 
strip  test.  It  was  found  that  the  concentration  just  affecting 
a  copper  strip  lay  between  0.003  and  0.004  per  cent  free  sulfur 
in  the  Stoddard  solvent.  Because  of  this  agreement  with 
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previous  work  for  gasoline  (15),  no  further  work  was  done 
with  solutions  of  free  sulfur  in  V.  M.  &  P.  naphtha  and  rubber 
solvent. 

Table  IV.  Effect  of  Type  of  Container  upon  Sensitivity 
of  Doctor  Test"  with  Solutions  of  Mercaptans  in  Naphtha 

(Minimum  %  by  weight  of  mercaptan  sulfur  in  Michigan  Stoddard  solvent 
required  to  give  positive  doctor  test) 


4-Ounce  Oil  Test 

Bottle 

Michigan  Stoddard  Solvent 

5  X  0.75  Inch 
Test  Tube 

Mercaptan 

Ethyl 

0.0006 

0 . 0006 

n-Propyl 

0.0003 

0.0002 

n-Butyl 

0.00015 

0.00002 

n-Amyl 

0.0002 

0 . 0003 

Isoamyl 

0.0001 

0 . 00004 

n-Heptyl 

0.0001 

0.00003 

Phenyl 

0.0010 

1°  Benzene  Solvent 

0 . 0006 

n-Butyl 

0.0005 

0.00015 

“  Federal  Specifications  VV-L-791a;  Commercial  Standard  CS3-38. 

The  authors  have  found  that  the  following  organic  sulfur 
compounds,  when  dissolved  in  Michigan  Stoddard  solvent, 
Michigan  V.  M.  &  P.  naphtha,  or  Michigan  rubber  solvent, 
so  that  0.05  per  cent  of  combined  sulfur  was  added,  had  no 
effect  upon  the  copper-strip  corrosion  test  at  122°  F.  for  3 
hours : 

Mercaptans:  ethyl,  n-propyl,  n-butyl,  n-amyl,  isoamyl,  n- 

heptyl,  and  phenyl 

Sulfides:  ethyl,  n-propyl,  isopropyl,  n-butyl,  isobutyl,  n-amyl, 

and  isoamyl 

Disulfides:  ethyl,  n-propyl,  n-butyl,  and  n-amyl 

Thiophene 

n-Butyl  sulfone 

If  the  copper  strips  are  allowed  to  stand  several  days  in  con¬ 
tact  with  the  test  solutions  after  the  duration  of  the  copper- 
strip  corrosion  tests,  they  are  changed  to  a  dull  copper  or  gray 
color  and  the  naphtha  solutions  become  somewhat  cloudy  in 
the  case  of  the  mercaptans;  under  the  same  conditions  there 
is  no  change  in  the  case  of  the  sulfides,  disulfides,  and  thio¬ 
phene.  This  reactivity  shown  by  the  mercaptans  agrees  with 
the  observations  of  previous  workers  (10,  17). 

Sensitivity  of  the  Doctor  Test 

Since  marketable  naphthas  must  be  sweet  to  the  doctor 
test  (5, 13),  a  determination  of  the  sensitivity  of  this  test  is  of 
importance. 

Wendt  and  Diggs  (14)  showed  that  a  “sour”  doctor  test  is  due 
to  the  presence  of  mercaptans  and/or  hydrogen  sulfide.  There 
is  relatively  little  in  the  literature  to  show  the  minimum  concen¬ 
trations  of  various  mercaptans  necessary  to  react  positively  to 
the  doctor  test. 

Wood,  Lowy,  and  Faragher  (16)  found  that  1  part  of  isoamyl 
mercaptan  in  100,000  parts  of  naphtha  (0.0003  per  cent  of  mer¬ 
captan  sulfur)  was  distinctly  positive  to  the  doctor  test. 

Boyd  (3)  showed  that  the  doctor  test  (U.  S.  Bureau  of  Mines 
method)  would  detect  methyl,  n-butyl,  and  n-heptyl  mercaptans 
in  naphtha  in  concentrations  amounting  to  0.002,  0.0002  and 
0.00009  per  cent  of  mercaptan  sulfur,  respectively,  and  that 
the  Natural  Gasoline  Association  of  America  method  would 
detect  n-butyl  mercaptan  in  naphtha  amounting  to  0.0003  per 
cent  of  mercaptan  sulfur.  The  Bureau  of  Mines  method  for  the 
doctor  test  (12)  [similar  to  that  of  Dow  (4)  and  to  that  specified 
for  Stoddard  solvent  (13)  ]  employs  a  test  tube  of  unspecified  size 
for  the  doctor  test;  the  method  has  now  been  replaced  (except 
for  Stoddard  solvent)  by  that  contained  in  the  Federal  Stock 
Catalog  (5)  in  which  a  118-cc.  (4-ounce)  oil  sample  bottle  is 
used.  The  N.  G.  A.  A.  method  mentioned  by  Boyd  is  contained 
in  specifications  effective  January  1,  1932,  and  issued  by  the 
Natural  Gasoline  Association  of  America;  it  employs  a  4-ounce 
bottle  for  the  test.  The  Universal  Oil  Products  Company  has 
stated  that  a  concentration  of  n-butyl  mercaptan  greater  than 
0.0025  per  cent  (0.0009  per  cent  of  mercaptan  sulfur)  can  be  de¬ 
tected  by  the  doctor  test  described  (11)  which  employs  a  test 
tube  as  container  rather  than  a  4-ounce  sample  bottle. 


In  Table  III  the  sensitivity  of  the  doctor  test  (5)  is  shown 
for  solutions  of  various  mercaptans  in  Michigan  Stoddard 
solvent,  Michigan  V.  M.  &  P.  naphtha,  and  Michigan  rubber 
solvent,  and  also  for  n-butyl  mercaptan  in  1°  benzene.  The 
interesting  conclusion  can  be  drawn  that  with  each  mercaptan 
the  sensitivity  is  practically  the  same  with  each  of  the  three 
naphthas.  In  benzene,  however,  the  sensitivity  is  less  for 
n-butyl  mercaptan,  the  only  mercaptan  tried  out  in  this  sol¬ 
vent.  The  doctor  test  is  a  very  slow  reaction  in  the  cases 
where  phenyl  mercaptan  was  used. 

Table  IV  shows  the  difference  in  sensitivity  of  the  doctor 
test  resulting  from  the  use  of  an  ordinary  (12.7  X  1.9  cm., 
5  X  0.75  inch)  test  tube  instead  of  the  specified  4-ounce  bottle. 
The  difference  is  due  to  variation  in  the  interfacial  area.  It 
is  easier  to  note  a  slightly  sour  doctor  test  carried  out  in  a  test 
tube  than  in  a  4-ounce  bottle. 
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Low-Temperature  Set  as  a  Measure  of  State  of 

V  ulcanization 


J.  H.  FIELDING,  Goodyear  Tire  &  Rubber  Company,  Akron,  Ohio 
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When  rubber  is  vulcanized  with  sulfur, 
its  tendency  to  freeze  under  tension  is 
altered.  A  const  ant- temperature  method 
of  evaluating  this  tendency  is  described. 
The  method  is  quantitative  and  has  the 
advantage  of  simplicity  of  equipment  and 
manipulation . 

IN  HIS  various  patents  on  vulcanization,  Charles  Goodyear 
made  several  references  to  the  change  produced  in  the 
low-temperature  behavior  of  rubber.  In  his  earliest  patent 
(7)  he  stated  that  vulcanized  rubber  would  not  be  “injuriously 
affected  by  exposure  to  cold”.  The  reissues  of  this  patent 
(8,  9)  stated  the  problem  more  clearly.  “The  leading  object 
of  my  exertions  was  to  render  india-rubber  capable  of  resisting 
the  action  of  heat  and  cold  within  the  range  of  atmospheric 
temperatures.  *  *  *  *  When  compounded  with  sulphur,  by 
the  application  of  a  high  degree  of  artificial  heat,  I  obtained 
good  results,  and  when  compounded  with  sulphur  and  the 
carbonate  of  lead  I  obtained  the  best  results.”  *  *  *  The 
new  product  “is  water-proof,  permanently  and  highly  elastic 
under  all  conditions  of  its  use”. 

Whether  Goodyear  was  referring  to  the  freezing  of  rubber 
under  tension  or  under  no  tension  we  do  not  know,  but  it  is 
probable  that  he  had  experienced  both  effects  without  dis¬ 
tinguishing  between  them.  It  is  interesting  to  find  now  that 
one  hundred  years  later,  rubber  chemists  are  still  looking  at 
this  change  in  low-temperature  behavior  which  he  recognized 
as  an  effect  of  vulcanization,  and  are  using  the  effect  as  a 
measure  of  degree  of  vulcanization. 

In  recent  years  the  T-50  ( 6 )  test  has  gained  considerable 
popularity  as  a  quantitative  measure  of  the  tendency  of  rub¬ 
ber  to  freeze  under  tension.  Its  popularity  is  justified,  since 
it  can  be  applied  over  a  broad  range  of  cure  and  since  it  meas¬ 
ures  very  precisely  a  seemingly  fundamental  property  of 
rubber.  It  is,  however,  not  the  only  means  of  expressing  this 
effect  quantitatively.  The  purpose  of  the  present  paper  is  to 
demonstrate  a  simpler  method  which  yields  surprisingly  pre¬ 
cise  results  in  spite  of  the  fact  that  none  of  the  usual  scientific 
equipment  is  used,  and  no  measurements  other  than  length 
measurements  are  required.  Although  other  papers  have  ap¬ 
proached  this  subject  ( 1 ,  5,  12-15),  none  has  as  yet  offered  a 
simple  substitute  for  T-50. 

Methods  Compared 

In  the  T-50  test  a  sample  of  cured  rubber  is  stretched  to  a  pre¬ 
determined  elongation  at  20°  C.,  chilled  to  —70°  C.,  and  re¬ 
leased.  The  temperature  is  then  raised  at  a  controlled  rate,  and 
the  test  piece  retracts.  The  temperature  at  which  it  has  re¬ 
covered  50  per  cent  of  the  original  elongation  is  called  the  T-50 
temperature. 

The  equipment  required  consists  essentially  of  a  stretching 
clamp  in  a  Dewar  flask  filled  with  acetone,  a  cooling  bath  of 
acetone  and  solid  carbon  dioxide  surrounding  coils  through  which 
the  acetone  of  the  Dewar  flask  is  circulated,  and  a  suitable  heater 
for  raising  the  temperature  at  a  controlled  rate. 

In  the  0°  set  test  the  sample  is  stretched  to  a  predetermined 
elongation  immersed  in  ice  water  for  2  minutes,  released,  held 
in  ice  water  1  minute,  and  measured.  The  result  is  expressed  as 
“per  cent  set”,  based  on  the  original  unstretched  length,  or  as 
“fractional  set”,  based  on  the  initial  elongation. 

The  equipment  for  the  0°  set  test  consists  of  a  stretching  clamp 


and  a  constant-temperature  bath.  The  temperature  of  melting 
ice  (0°  C.)  is  the  easiest  constant  temperature  to  maintain  ex¬ 
perimentally,  and  is  used  for  that  reason,  although  within  certain 
limits  any  other  constant  temperature  would  be  suitable.  All 
that  is  required  is  a  copious  supply  of  ice,  and  a  fair  degree  of 
forced  circulation. 

Conditions  of  Test 

In  the  work  reported  here,  three  typical  compounds  have 
been  used:  a  tread  compound,  a  high-zinc,  and  a  low-zinc 
compound. 


Table  I. 

Compounds  Tested 

Compound 

Compound 

Compound 

A 

B 

c 

Rubber 

100 

100 

100 

Channel  black 

50 

Zino  oxide 

5 

120 

50, 

Sulfur 

3 

2.5 

4 

Mercaptobenzothiazole 

1 

0.5 

0.5 

Stearic  acid 

4 

1 

1 

Pine  tar 

5 

Phenyl-/9-naphthylamine 

1 

169 

224.0 

155.5 

The  effects  of  the  variables  of  testing  will  be  illustrated  by 
data  on  compound  A.  In  Table  II  it  is  apparent  that  time 
of  freezing  between  0.5  and  5  minutes  has  only  a  very  slight 
effect.  Time  of  retraction  between  0.5  minute  and  2  minutes 
has  even  less  effect.  Purely  as  a  matter  of  standardization, 


Figure  1.  Per  Cent  Set  vs.  Initial  Elongation 
Figure  2.  Fractional  Set  vs.  Initial  Elongation 
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the  values  of  2  minutes’  freezing  and  1  minute’s  retraction 
have  been  adopted. 

Degree  of  initial  stretch  is  more  important.  The  data  of 
Table  II,  if  plotted,  indicate  that  at  an  original  stretch  of  100 
per  cent  there  is  practically  no  set.  At  200  per  cent,  however, 
a  very  definite  amount  of  freezing  can  take  place.  There¬ 
after,  as  the  initial  stretch  is  increased,  the  per  cent  set  in¬ 
creases  progressively.  If  this  is  expressed  as  a  fraction  of  the 
initial  stretch,  it  appears  that  beyond  about  300  per  cent  the 
fractional  set  is  not  increased  by  further  stretch  and  might 
even  pass  through  a  maximum. 


Tabt.e  II.  Conditions  of  Test”1 


Original 

Time  of 

✓ - Set  after  Various 

Retraction 

Times - * 

Stretoh 

Freezing 

0. 5  min. 

1  min. 

0.5  min. 

2  min. 

% 

Min. 

% 

% 

% 

% 

300 

0.5 

136 

133 

133 

133 

1 

136 

133 

133 

133 

1.5 

140 

137 

137 

136 

2 

140 

139 

138 

136 

3 

142 

140 

139 

138 

5 

145 

144 

142 

142 

400 

2 

188 

188 

186 

186 

500 

2 

203 

201 

198 

198 

100 

2 

8 

8 

8 

8 

200 

2 

66 

64 

64 

63 

a  Work  done  on  sheets  of  compound  A  cured  70  minutes  at  126.6°  C. 
Test  strip  was  4X2  mm.  Each  figure  is  an  average  of  three  tests.  Pro¬ 
cedure:  Stretch  at  room  temperature,  freeze  at  0°  C.,  release,  and  measure. 
Set  expressed  as  %  of  initial  length. 

This  work  was  repeated  at  three  cures  (Table  III,  Figures 
1  and  2).  There  are  evidently  experimental  difficulties  in 
picking  the  maximum  (if  any) ,  but  it  appears  that  at  the  best 
cure  and  the  undercure  the  fractional  set  increases  up  to  an 
initial  stretch  of  250  to  300  per  cent,  while  at  the  overcure 
it  increases  up  to  about  400  per  cent.  At  the  undercure, 
moreover,  something  else  happens  beyond  450  per  cent, 
which  brings  about  an  even  higher  set.  None  of  the  possible 
explanations  for  this  has  been  investigated. 

Table  III.  Effect  of  Degree  of  Stretch0 


Figure  3.  Set  at  Various  Temperatures  vs.  Time  of 

Cure 

perature.  The  lower  the  freezing  temperature  the  higher  the 
set  for  a  given  time  of  cure,  and  the  higher  the  state  of  cure 
at  which  the  rapid  transition  from  high  to  low  set  takes  place. 
It  is  possible  to  read  from  the  curves  a  property  which  is 
analogous  to  T-5R.  The  9°  C.  curve  crosses  the  150  per  cent 
set  coordinate  (0.5  fractional  set)  at  a  cure  of  42  minutes.  To 
put  this  in  the  language  of  T-50,  we  may  say  that  the  42- 
minute  cure  has  a  0.5  fractional  set  temperature  of  9°  C. — 
i.  e.,  it  retracts  to  one  half  of  its  initial  stretch  at  9  °  C.  Regard¬ 
ing  the  other  curves  in  similar  fashion  and  interpolating  a 
combined  sulfur  curve,  we  get  the  following: 

Temperature  for  0. 5  Coefficient  of 

Time  of  Cure  Fractional  Set  Vulcanization 

Min.  °  C.  % 


Elongation, 

% 

35-Minute  Cure 

70-Minute  Cure 

140-Minute 

A. 

Per  Cent  Set  Based  on 

Initial  Unstretched  Length 

100 

15 

6 

6 

200 

122 

66 

16 

250 

183 

125 

22 

300 

226 

147 

35 

350 

257 

170 

48 

400 

297 

195 

63 

450 

305 

203 

75 

500 

400 

225 

73 

100 

B.  Retained  Fractional  Set 

0.15  0.06 

0.06 

200 

0.61 

0.33 

0.08 

250 

0.73 

0.50 

0.09 

300 

0.75 

0.49 

0.12 

350 

0.74 

0.49 

0.12 

400 

0.74 

0.49 

0.16 

450 

0.68 

0.45 

0.17 

500 

0.80 

0.45 

0.15 

°  Each  figure  is  average  of  four  tests.  All  work  done  at  0°  C.  according  to 
procedure  of  Table  II,  using  2  minutes’  freezing  and  1  minute’s  retraction. 
AH  samples  are  compound  A,  cured  at  126.6°  C.  as  indicated.  Retained  frac¬ 
tional  set  is  set,  as  in  A,  divided  by  elongation. 


As  a  characteristic  measure  of  state  of  cure,  the  fractional 
set  could  be  considered  to  be  practically  independent  of 
elongation  between  the  limits  250  and  400  per  cent.  However, 
for  everyday  use  in  compounding  problems  or  as  a  control, 
it  is  more  convenient  merely  to  standardize  on  300  per  cent 
elongation  for  tread  type  stocks  (550  per  cent  for  most  other 
stocks),  and  express  the  result  as  per  cent  set,  meaning  per 
cent  of  original  length. 

The  effect  of  freezing  temperature  was  illustrated  by  curing 
a  set  of  sheets  of  tread  stock  at  ten  logarithmically  spaced 
time  intervals,  and  testing  at  three  bath  temperatures:  9°, 
0°,  and  -9°  C. 

It  will  be  noted  (Table  IV,  Figure  3)  that  at  each  tempera¬ 
ture  the  set  is  high  at  the  undercure  and  low  at  the  overcure, 
and  that  the  point  in  cure  at  which  the  most  rapid  transition 
from  high  to  low  set  occurs  is  a  function  of  the  freezing  tem- 


42  9  1.04 

65  0  1.66 

98  -9  2.32 


There  is  a  straight-line  relationship  between  these  tempera¬ 
ture  and  combined  sulfur  data  with  a  slope  indicating  that 
1  per  cent  combined  sulfur  is  equivalent  to  14°  C.  in  bath 
temperature,  which  compares  well  with  the  published  value 
of  13°  C.  in  T-50.  This  agreement  strengthens  the  belief  that 
set  measurements  at  constant  temperature  are  governed  by 
the  same  fundamental  properties  as  T-50,  and  that  from  the 
standpoint  of  useful  results,  at  least,  nothing  has  been  lost 
by  omitting  the  chilling  at  —70°  C. 


Variations  in  the  Formula 

Previously  published  work  has  shown  definitely  that  T-50 
is  more  closely  connected  with  combined  sulfur  than  with  any 
physical  property  ( 6 ,  10,  16).  This  is  found  true  also  with 
the  0°  set  test,  although  there  is  evidence  that  the  correlation 
is  not  perfect. 


Table  IV.  Effect  of  Bath  Temperature0 


Cure  at 

Set  at 

Set  at 

Set  at 

500% 

126.6°  C. 

+9°  C. 

0°  C. 

-9°  C. 

Modulus 

Min. 

% 

% 

% 

Kg./ 8 q.  cm. 

30 

208 

242 

253 

119 

35 

192 

224 

248 

148 

42 

152 

214 

238 

178 

50 

100 

192 

225 

199 

59 

55 

170 

217 

212 

70 

30 

136 

197 

227 

85 

19 

87 

172 

248 

100 

17 

58 

148 

250 

118 

17 

39 

127 

260 

140 

19 

28 

99 

269 

a  Each  set  figure  is  average  of  three  tests,  each  modulus  average  of  two. 
Work  done  at  three  bath  temperatures  as  indicated  according  to  procedure 
of  Table  II,  using  2  minutes’  freezing  and  1  minute’s  retraction.  Initial 
elongation  300%.  Compound  A. 
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Figure  4.  Fast-  and  Slow-Curing  Carbon  Black 


Figure  5.  Agreement  of  Set  and  Combined  Sulfur, 
Carbon  Black 


Table  V.  Set  and  Combined  Sulfur  as  Affected  by 

Black" 


Cure  at 

Coefficient  of 

126.6°  C. 

Vulcanization 

0°  Set 

500%  Modulus 

Min. 

Black  A 

% 

35 

0.86 

225 

117 

50 

1.38 

186 

172 

70 

1.75 

141 

201 

Black  B 

35 

1.09 

206 

128 

50 

1.59 

149 

182 

70 

2.05 

86 

203 

a  Compound  A  with  two  channel  blacks,  normal  (A)  and  fast-curing  (B) 
Coefficient  of  vulcanization  is  %  of  combined  sulfur  based  on  rubber  content 


The  effect  of  variability  of  carbon  black  on  the  rate  of  cure 
of  a  Captax  stock  is  often  underestimated,  because  the  changes 
in  modulus  and  tensile  that  it  produces,  particularly  in  the 
range  of  the  optimum  cure,  are  rather  slight.  However,  the 
0°  set  test  penetrates  beyond  these  physical  effects,  and  re¬ 
veals  the  true  effects  on  combined  sulfur.  In  Table  V  is  a 
comparison  of  a  fast-  and  a  slow-curing  channel  black  having 
widely  different  set  and  combined  sulfur  values  at  equal  times 
of  cure,  but  very  slight  differences  in  modulus  (Figure  4). 
However,  when  cured  to  equal  set  values,  they  have  nearly 
equal  combined  sulfur  (Figure  5). 

Fast-  and  slow-curing  zinc  oxides  (3)  also  have  a  compara¬ 
tively  slight  effect  on  modulus,  but  the  effect  on  0°  set  is  so 
marked  that  sharp  divisions  in  state  of  cure  are  easily  made 
(Table  VI,  Figure  6).  Again  the  agreement  of  set  with  com¬ 
bined  sulfur  is  close,  but  not  exact  (Figure  7).  The  same  is 
true  of  fast-  and  slow-curing  rubber  (Table  VII,  Figure  8), 
and  it  is  interesting  that  the  slow-curing  rubber  has  other 
effects  on  modulus,  so  that  when  cured  such  times  that  it  has 
the  same  combined  sulfur  as  the  fast-curing  rubber,  its  modu¬ 
lus  is  lower  (£) — for  example,  at  the  140-minute  cure  the  slow 
rubber  has  a  combined  sulfur  of  1.38.  This  combined  sulfur 
is  reached  by  the  fast  rubber  in  a  little  less  than  100  minutes. 
The  modulus  figures  are,  respectively,  108  and  125.  Again 
combined  sulfur  and  cold  set  are  closely  related  (Figure  9) . 

The  data  of  Tables  VIII  to  X  and  Figures  10  to  12  are  in¬ 
cluded  as  further  evidence  that  0°  set  is  unrelated  to  modulus. 
Unfortunately,  combined  sulfur  data  are  not  available.  It 
is  possible  to  vary  the  total  sulfur  in  a  tread  stock  over  the 
range  from  1  to  3  of  sulfur  and  still  practically  duplicate  the 
modulus.  It  is  known  by  experience  that  with  high  ac- 


Table  VI.  Comparison  of  Zinc  Oxides" 


Cure  at 

Coefficient  of 

126.6°  C. 

700%  Modulus 

Vulcanization 

0°  C.  Set 

Min. 

% 

Slow-Curing  Zinc  Oxide 

30 

98 

435 

40 

129 

400 

50 

145 

0.84 

350 

60 

160 

0.95 

240 

70 

168 

1.07 

100 

80 

175 

1.18 

40 

100 

182 

1.48 

.  . 

120 

184 

1.62 

Fast-Curing  Zinc  Oxide 

30 

117 

420 

40 

140 

330 

50 

152 

0.99 

210 

60 

165 

1.11 

50 

70 

175 

1.24 

25 

80 

184 

1.36 

100 

189 

1.62 

,  . 

120 

195 

1.83 

"  Two  zinc  oxides  compared  in  compound  C.  0°  C.  set  determined  ac¬ 
cording  to  procedure  of  Table  III  using  initial  elongation  of  550%. 
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Figure  7.  Agreement  of  Set  and  Combined 
Sulfur,  Zinc  Oxides 


Table  VII.  Comparison  of  Fast-  and  Slow-Curing 
Rubber0 


Cure  at  Coefficient  of 

126.6°  C.  500%  Modulus  Vulcanization  0  C .  bet 


Min 

Kg./sq.  cm. 

Slow-Curing 

Pale 

Crepe 

50 

62 

0.71 

70 

80 

0.79 

80 

88 

90 

92 

100 

95 

1 '.  07 

120 

101 

1.19 

140 

104 

1.46 

200 

108 

Fast-Curing 

Pale 

Crepe 

431 

419 

405 

390 

378 

365 

330 

250 


50 

108 

70 

118 

80 

123 

90 

124 

100 

126 

120 

128 

140 

130 

200 

128 

1.02 

370 

1.21 

338 

315 

290 

U48 

270 

1.70 

195 

1.79 

150 

60 

a  Two  types  of  rubber  compared  in  compound  B.  0°  C.  set  determined 
according  to  procedure  of  Table  III  using  initial  elongation  of  550%. 


Figure  9.  Agreement  of  Set  and  Com¬ 
bined  Sulfur,  Rubber 


Table  VIII.  Amount  of  Sulfur0 


Parts  of  sulfur 

0 

1.0 

1.5 

3.0 

Parts  of  Tuads 

3.0 

0.25 

0.1 

l'.O 

Parts  of  Captax 

1.5 

1 . 5 

Cure  at 
126.6°  C. 


Min. 


35 

50 

70 

100 

140 

200 


182 

195 

197 

203 

215 

213 


Modulus  500% 


143  148  145 
194  197  198 
223  225  218 
243  243  246 
258  259  255 


0°  C.  Set 


a 


35 

192 

250 

225 

212 

50 

187 

212 

175 

125 

70 

204 

150 

75 

50 

100 

191 

62 

43 

37 

140 

188 

44 

36 

40 

200 

184 

Stocks  are  compound  A  with  sulfur  and  accelerator  varied  as  indicated. 


Table  IX.  Amount  of  Fatty  Acid° 


_ 

- Parts  of  Stearic  Acid- - 

0 

2 

3 

4 

Cure  at 

126.6°  C. 

80 

111  123 

134 

50 

128 

170 

183 

192 

70 

162 

206 

222 

233 

100 

183 

231 

251 

262 

140 

187 

243 

268 

282 

214 

212 

211 

210 

196 

177 

170 

161 

70 

148 

101 

80 

67 

100 

77 

28 

25 

25 

140 

28 

19 

19 

19 

a  stocks  are  compound  A  with  stearic  acid  varied  as  indicated. 


celeration  and  low  sulfur,  we  produce  a  given  physical  effect 
with  less  combined  sulfur.  Zero  degree  set  (Figure  10)  varies 
in  the  same  order  as  this  prediction  of  combined  sulfur.  It  is 
affected  greatly  by  the  change  in  formula,  while  the  physical 
effect  is  negligible. 

As  opposed  to  this,  the  amount  of  fatty  acid  has  a  very 
great  effect  on  the  physical  properties  of  a  tread  stock,  but 
its  effect  on  combined  sulfur  is  small.  Figure  11  shows  some 


change  in  0°  set  as  acid  is  varied,  but  a  much  greater  change 
in  modulus,  and  in  fact  a  development  of  modulus  in  the  high- 
acid  stock  that  cannot  be  attained  in  the  low-acid  stock.  In 
other  words,  this  represents  a  large  physical  effect,  accom¬ 
panied  by  a  relatively  smaller  effect  on  set. 

The  amount  of  zinc  oxide  used  for  activation  in  a  tread 
stock  has  a  marked  effect  on  physical  properties,  the  higher 
zinc  oxide  developing  higher  modulus.  As  opposed  to  this, 
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there  is  a  small  difference  in  0  °  set  in  the  opposite  sense  (Figure 
12) — that  is,  high  zinc  oxide  produces  a  high  physical  state  but 
set  values  indicating  a  low  state. 

All  these  compounds,  with  the  exception  of  the  nonsulfur 
stock  (Table  VIII) ,  may  be  considered  as  normal,  present-day 
compounds.  With  all  the  normal  stocks,  set  is  high  at  the 
undercure  and  low  at  the  overcure.  The  transition  from  high 
to  low  is  gradual  at  first,  then  rapid,  and  finally  gradual  again. 
The  point  of  rapid  transition  is  merely  the  point  in  cure  at 


TIME  OF  CUBE  AI  126.6°C. 


Figure  10.  Various  Amounts  of  Sulfur 
Figure  11.  Various  Amounts  of  Stearic  Acid 
Figure  12.  Various  Amounts  of  Zinc  Oxide 


which  the  0°  set  test  becomes  most  sensitive.  If  a  different 
bath  temperature  were  used,  it  would  be  most  sensitive  at 
some  other  cure  (Figure  3).  Fortuitously  enough,  with  0° 
bath  temperature  the  rapid  transition  takes  place  near  what 
is  considered  the  optimum  cure,  and  for  that  reason  it  becomes 
a  useful  tool  in  development  work,  provided  due  consideration 
is  given  to  the  formula  variables  that  are  being  investigated. 
To  be  more  specific,  an  estimation  of  time  of  cure  to  reach 
this  point  of  rapid  transition  or  to  reach  any  chosen  value  of 
set  falling  within  this  range  immediately  gives  us  the  time 
of  cure  required  to  reach  a  standard  state  of  cure — call  it 
optimum  or  anything  else.  The  nonsulfur  stock  does  not 
exhibit  this  behavior,  but  it  is  the  writer’s  opinion  that  the 
reason  is  merely  that  0  °  bath  temperature  is  too  low  and  that 
at  a  higher  temperature  such  behavior  would  be  found. 


Table  X.  Amount  of  Zinc  Oxide® 

✓ - Parts  of  Zinc  Oxide - 


Cure  at 
126.6°  C. 
Min. 

1.0 

1.5 

2.0  3.0 

4.0 

5.6 

' 

35 

151 

140 

146 

134 

133 

132 

50 

177 

186 

191 

196 

188 

190 

70 

196 

212 

227 

232 

230 

223 

100 

206 

229 

252 

263 

263 

257 

140 

194 

232 

269 

280 

283 

274 

35 

197 

213 

214 

216 

219 

220 

50 

147 

168 

173 

167 

180 

179 

70 

59 

69 

85 

83 

98 

114 

100 

22 

25 

27 

31 

41 

40 

140 

17 

19 

19 

23 

25 

25 

a  Stocks  are  compound  A  with  zinc  oxide  varied  as  indicated. 


Use  as  a  Control 

In  control  problems  we  are  interested  more  in  the  sensitivity 
of  a  test  to  variations  in  the  raw  material  than  in  the  numeri¬ 
cal  significance  of  the  results.  Carbon  black,  particularly 
when  the  oxygen  content  of  its  surface  varies,  has  a  con¬ 
siderable  effect  on  rate  of  cure.  One  means  of  estimating  this 
effect  is  the  volatile  loss  of  950°  C.  This  is  a  purely  arbitrary 
test,  but  we  know  that  when  the  volatile  loss  is  high  the  oxygen 
content  is  high  and  the  rate  of  cure  will  be  low. 

It  has  been  shown  above  that  there  is  no  necessary  connec¬ 
tion  between  the  numerical  values  of  set  and  modulus.  This 
is  because  modulus  is  affected  by  so  many  other  things  besides 
combined  sulfur.  In  the  case  of  carbon  black  it  is  affected 
considerably  by  the  reinforcing  action  of  the  black  in  the 
range  of  the  optimum  cure  and  beyond.  As  a  result,  changes 
due  to  the  retarding  effects  of  different  types  of  black  are 
masked  and  a  certain  numerical  value  of  modulus  does  hot 
indicate  any  definite  state  of  cure.  However,  at  a  distinct 
undercure  the  reverse  is  true,  and  in  compound  A  the  modulus 
at  the  35-minute  cure  is  sensitive  to  variation  in  rate  of  cure 
in  carbon  black.  It  can  be  used  as  a  practical  indication  of 
rate  of  cure  even  though  the  compound  is  to  be  used  at  much 
higher  states  of  cure. 

Zero  degree  set  as  a  control  test  should  be  used  at  the  cure 
at  which  it  is  most  sensitive  and  for  compound  A  this  is  in  the 
neighborhood  of  70  minutes.  In  Table  XI  is  shown  a  series 
of  channel  blacks  having  varying  effects  on  rate  of  cure  as 
well  as  a  variation  in  other  properties.  Inspection  of  the 
table  reveals  good  agreement  between  these  three  measures  of 
rate  of  cure.  Zero  degree  set  at  70  minutes  and  modulus  at 
35  minutes  are  well  in  line,  low  set  and  high  modulus  going 
together  in  indicating  a  high  rate  of  cure.  There  is  likewise 
a  parallelism  between  set  and  net  volatile,  low  set  and  low 
volatile  going  together.  As  a  matter  of  interest  correlation 
coefficients  (Pearson’s)  for  these  two  comparisons  are:  for 
set  of  modulus  —0.90  =±=0.03  and  for  set  and  volatile  0.87 
±0.04.  Both  figures  indicate  a  high  degree  of  correlation. 
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Table  XI.  Comparison  of  Carbon  Blacks® 


500%  Modulus,  0 

0  C.  Set 

35-min. 

70-min. 

70-min. 

Net 

Black 

Treatment 

cure 

cure 

cure 

Volatile 

pH 

Rebound 

0  C. 

Series  I 

C 

None 

94 

180 

159 

8.1 

67.8 

D 

None 

107 

190 

153 

7.3 

64.4 

E 

None 

111 

186 

142 

5.3 

59.2 

F 

None 

110 

186 

133 

6.7 

66.0 

G 

None 

128 

204 

125 

5.6 

64.8 

H 

None 

122 

200 

123 

5.8 

68.6 

I 

None 

114 

189 

120 

5.5 

59.1 

Series  II 

J 

None 

117 

201 

141 

6.1 

64.9 

K 

None 

128 

203 

86 

4.9 

. . 

63.2 

Series  III& 

L 

None 

129 

200 

94 

5.3 

4.5 

63.9 

350 

121 

201 

122 

6.2 

3.8 

500 

105 

187 

153 

6.2 

3.8 

700 

135 

210 

122 

5.8 

4.2 

900 

178 

225 

69 

4.1 

4.9 

1000 

175 

230 

66 

3.5 

6.4 

“  Channel  blacks  compared 

in  compound  A. 

Stocks  cured  at 

126.6°  C. 

Net  volatile  determined  by  method  of  Johnson  (11).  pH  by  method  of 
Wiegand  (17).  Rebound  is  average  of  two  tests  each  at  85  and  140  minutes’ 
cure,  determined  on  pendulum  (If). 

b  Treatment  consisted  in  heating  with  free  access  to  air  for  30  minutes  at 
temperature  indicated. 


Discussion 

It  must  be  admitted  that  the  0°  set  test  will  not  cover  the 
almost  unlimited  range  of  cure  that  the  T-50  test  will.  How¬ 
ever,  it  is  applicable  over  a  good  part  of  the  curing  range  of 
most  present-day  tire  compounds  and  for  that  reason  it  is 
not  at  a  practical  disadvantage.  It  has  the  definite  advantage 
of  simplicity  in  equipment,  cooling  medium,  and  manipula¬ 


tion,  and  as  a  control  test  could  be  operated  by  a  person  un¬ 
accustomed  to  chemical  laboratory  equipment.  In  gaining 
this  simplicity  no  precision  has  been  lost. 
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Identification  of  Commonly  Used  Waxes  in 

Admixture 


SAMUEL  ZWEIG  AND  ABRAHAM  TAUB,  Columbia  University,  New  York  N.  Y. 


IN  THE  analysis  of  commercial  wax-containing  products 
such  as  cosmetic  preparations,  polishes,  etc.,  the  identifica¬ 
tion  of  the  wax  components  has  proved  decidedly  difficult  and 
complex.  In  recent  years,  with  the  growth  of  the  wax  polish 
industry  and  the  increased  world  consumption  of  waxes  for 
other  uses,  there  has  arisen  a  need  for  a  definite  procedure  for 
the  analysis  of  wax  mixtures.  In  view  of  the  comprehensive¬ 
ness  of  such  a  problem,  this  research  was  confined  to  the 
identification  of  the  more  commonly  used  waxes  such  as 
spermaceti,  beeswax,  carnauba,  candelilla,  and  montan. 
Cognizance  was  taken  of  certain  allied  substances  such  as 
cetyl  alcohol,  rosin  (colophony),  and  stearic  acid  which 
might  interfere  in  the  analysis. 

Our  knowledge  of  the  composition  of  the  natural  waxes 
has  been  made  available  largely  through  the  compilations  of 
Lewkowitsch  (14),  Allen  (I),  Grun  and  Halden  (11),  Liidecke 
(18),  and  Better  and  Davidsohn  (8).  More  recently  the 
experiments  of  Chibnall  et  al.  (4,  5,  6),  Francis  et  al.  (7,  8), 
and  Piper  et  al.  (20,  21)  with  melting  point  determinations 
and  x-ray  crystal  spacing  measurements  of  isolated  wax 
fractions  have  greatly  advanced  our  knowledge  of  the  true 
composition  of  many  natural  waxes.  Their  work  has  been 
summarized  by  Gisvold  and  Rogers  (9). 

A  comparison  of  the  chemical  compositions  of  the  com¬ 
monly  used  natural  waxes  shows  that,  in  general,  they  consist 
of  similar  components;  in  fact,  beeswax,  carnauba,  candelilla, 
and  montan  contain  compounds  with  identical  composition — - 


i.  e.,  acids,  alcohols,  and  hydrocarbons  with  24  to  34  carbon 
atoms.  The  complexity  of  the  problem  is  further  increased 
by  the  similarity  in  properties  and  relative  inertness  of  the 
saturated  homologous  compounds  with  high  carbon  content, 
such  as  those  found  in  waxes.  Separation  of  the  adjacent 
homologous  compounds  in  the  vicinity  of  C24  to  C34  has  been 
found  (6,  8,  21)  difficult  or  often  impossible.  Therefore,  any 
method  based  on  fractionation  of  these  compounds  would  be 
impractical  for  analytical  purposes.  There  are,  however,  a 
number  of  outstanding  differences  in  the  composite  nature  of 
these  waxes  as  a  whole  which  may  be  used  as  a  basis  for  an 
analytical  procedure.  These  are:  variation  in  proportion  of 
acids,  alcohols,  and  hydrocarbons;  difference  in  chain  length 
of  the  two  components  of  the  ester;  and  the  presence  of 
additional  distinctive  components  such  as  resinlike  substances 
and  ketones. 

The  method  outlined  here  utilizes  these  differences. 
Through  the  following  procedures  a  practical  system  of 
identification  has  been  evolved,  which  is  based  on  (1)  the 
determination  of  pertinent  physical  and  chemical  constants, 
and  (2)  the  quantitative  separation  of  waxes  into  groups  of 
homologous  compounds  and  the  determination  of  the  proper¬ 
ties  of  the  separated  fractions. 

Physical  and  Chemical  Constants 

Of  the  various  constants  frequently  used  for  the  evaluation 
of  individual  waxes,  the  most  indicative  for  the  purpose  of 


10 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  1 


analysis  of  wax  mixtures  are  the  melting  point,  saponification 
value,  acid  value,  and  acetyl  value.  The  information  gained 
as  a  result  of  these  determinations  is  described  below  and 
summarized  in  the  schematic  outline.  A  physical  constant  of 
particular  significance,  which  at  present  has  not  been  applied 
to  any  great  extent  to  waxes,  is  the  dissolution  temperature, 
or  more  precisely  the  temperature  of  precipitation  of  wax 
solutions  of  definite  concentration.  This  constant  was  found 
valuable  in  the  detection  of  carnauba  wax  and  the  hydro¬ 
carbon  wax  ozokerite. 

Precipitation  Temperatures.  As  used  in  this  paper, 
this  is  the  temperature  at  which  a  wax  solution  of  definite 
concentration  just  begins  to  crystallize  as  the  temperature  is 


gradually  decreased.  Preliminary  experiments  with  solu¬ 
tions  of  equal  concentrations  of  various  waxes  show  marked 
differences  in  the  precipitation  temperatures.  Solutions  of 
carnauba  wax  and  ozokerite  precipitated  at  much  higher 
temperatures  than  corresponding  solutions  of  other  waxes. 
Furthermore,  it  was  found  that  the  presence  of  other  waxes 
admixed  with  carnauba  and  ozokerite  did  not  appreciably 
affect  the  precipitation  temperature.  This  is  in  agreement 
with  the  results  found  by  Armani  and  Rodano  (2)  on  mixtures 
of  paraffin  and  ozokerite,  and  by  Waentig  and  Peschek  {22) 
on  mixtures  of  fatty  acids  in  certain  solvents. 

Procedure.  The  finely  grated  wax  is  weighed  and  added  to 
10  cc.  of  solvent  contained  in  a  jacketed  test  tube  (the  inner  tube 


WAX  MIXTURE 

AT  LEAST  30  GRAMS 


I 

SAPONIFICATION  VALUE 
I 

BELOW  50 
PARAFFIN 
OZOKERITE 
CETYL  ALCOHOL 


CONSTANTS 

I  — 


I 

ACID  VALUE 
I 

ABOVE  20 
STEARIC  ACID  (>  10%) 
ROSIN  (C0L0PH0NY)(>I3%) 
MONTAN  (g) 


MELTING  POINT 


r 

ABOVE  75  °C 


s-c® 


CARNAUBA  (>10%) 
HIGH  MELTING  POINT 
OZOKERITE  AND 
MONTAN 


BELOW  65°  CN 
CARNAUBA 
ABSENT  (OR 
PRESENT  <  10%) 


I - 

ABOVE  21 
CARNAUBA  (>38%) 
CETYL  ALCOHOL (>ll%) 


ACETYL  VALUE 


“I 

BELOW  10 
CARNAUBA 
ABSENT (OR 
PRESENT  <15%) 


PRECIPITATION  TEMPERATURES 


0.50  GRAM  IN  IQc.c.  OF  n-HEPTANE 


0.25  GRAM  IN  10  c.c  OF  n- BUTYL  ALCOHOL 

- 1 - 1 - n 

ABOVE  53°C.  ABOVE  75°C.  BELOW  50°C. 

*  CARNAUBA  (>7-10%)  *0Z0KERITE  *  CARNAUBA 

*  OZOKERITE  (>5%)  M.R  76°C.(>20%)  *  OZOKERITE 

ARE  ABSENT (OR 
PRESENT  <5%) 


ABOVE  47  »C.® 
.  CARNAUBA 
M  P  83*C.(>I0%) 


EXTRACT  WITH  95%  ETHANOL  AT  25  °C. 


I  ETHANOL -SOLUBLE  FRACTION  I 

IF  MORE  THAN  6  % 


STEARIC  ACID 

(>  1 0  % } ; 

ACID 

VALUE 

>  25 

ROSIN 

(>15%); 

ACID 

VALUE 

>25 

CANDELLILA 

(>10%); 

ACID 

VALUE 

<25 

CETYL  ALCOHOL  05%); 

ACETYL  VALUE  >10 

® 


fETHANOL- INSOLUBLE  FRACTION  I 
SAPONIFY  WITH  I  N  ALCOHOLIC  KOH  AND  BENZENE 
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Schematic  Outline  for  Identification.  (All  per  cent  figures  are  based  on  weight  of  original  sample  of  wax  mixture.) 

A.  Variations  in  composition  of  montan  make  definite  statement  concerning  quantity  impossible. 

B.  Based  on  data  from  Koch  et  al.  (13)  and  Lewkowitsch  (16). 

C.  Candelilla  forms  a  cloudy  solution  in  n-heptane  and  therefore  interferes  with  determination  of  precipitation  temperatures  in  this  solvent. 

D.  Rosin  and  candelilla  resin  form  cloudy  solutions  in  n-heptane. 

E.  Absence  of  a  hydrocarbon  fraction  (solid  at  25°  C.)  indicates  the  absence  of  not  only  paraffin  and  ozokerite  but  also  of  candelilla  (>5  per  cent),  bees¬ 

wax  (>  10  per  cent),  and  montan. 

F.  20  to  30  per  cent  of  raw  ozokerite  is  attacked  by  concentrated  sulfuric  acid. 

G.  Hydrocarbons  from  candelilla,  beeswax,  and  montan  are  carbonized. 

H.  Since  alcohols  of  other  waxes  are  also  found  in  this  fraction  and  are  closely  related  to  carnauba  wax  alcohols,  this  fraction  is  of  value  only  when  a 

high  percentage  of  carnauba  is  present  (over  60  per  cent). 

The  per  cent  figure  in  parentheses  indicates  the  quantity  that  will  always  be  detected  by  the  determination;  when  preceded  by  >  it  indicates 
that  the  presence  of  the  quantity  stated,  or  more,  will  be  detected.  A  smaller  quantity  may  or  may  not  be  detected,  depending  upon  a  knowledge  of  the 
presence  or  absence  of  certain  other  waxes.  For  example,  more  than  8  per  cent  of  wax  alcohols  soluble  in  amyl  alcohol— hydrochloric  acid  at  25  C.  indi¬ 
cates  spermaceti  (16  per  cent).  When  the  spermaceti  present  in  the  wax  mixture  exceeds  16  per  cent,  the  fraction  soluble  in  cold  amyl  alcohol-hydro¬ 
chloric  acid  mixture  will  always  be  more  than  8  per  cent,  and  spermaceti  will  always  be  detected  by  this  determination.  However,  if  the  spermaceti  in 
the  wax  mixture  is  less  than  16  per  cent,  wax  alcohols  soluble  in  amyl  alcohol-hydrochloric  acid  may  or  may  not  exceed  8  per  cent,  depending  upon  the 
nature  and  quantity  of  other  waxes  present  in  the  mixture. 

Table  I  indicates  that  the  per  cent  of  the  fraction  soluble  in  amyl  alcohol-hydrochloric  acid  for  all  the  waxes  determined  is:  spermaceti,  48  per  cent; 
candelilla,  8  per  cent;  beeswax,  5  per  cent;  carnauba,  3  per  cent.  As  candelilla  contains  as  much  as  8  per  cent  of  substances  soluble  in  amyl  alcohol- 
hydrochloric  acid,  spermaceti  cannot  be  determined  with  certainty  unless  this  fraction  is  over  8  per  cent  of  the  total  wax  mixture  (16  per  cent  of  sperma¬ 
ceti).  However,  if  the  approximate  quantity  of  candelilla  and/or  beeswax  is  first  ascertained,  less  than  16  per  cent  of  spermaceti  can  be  detected. 
Where  the  name  of  a  substance  is  starred,  that  particular  determination  is  of  greatest  analytical  significance  for  the  identification  of  the  substance. 
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Figure  1.  Precipitation  Temperatures 

1  Beeswax,  ra.  p.  60-62°  C. 

2  Montan,  bleached,  m.  p.  68°  C. 

3  Candelilla,  m.  p.  70.5°  C. 

4  Carnauba  refined,  m.  p.  81.5°  C. 

5  Carnauba  No.  1  yellow,  m.  p.  83°  C. 

6  Ozokerite,  m.  p.  65-67°  C. 

7  Ozokerite,  m.  p.  76-78°  C. 


is  1.5  X  13.75  cm.;  the  outer,  2.5  X  15  cm.),  and  then  placed  in  a 
thermostatically  controlled  bath  which  has  been  previously  heated 
to  a  temperature  at  which  the  wax  will  dissolve.  The  temperature 
of  the  bath  is  then  allowed  to  decrease  gradually,  not  more  than 
1  °  per  minute.  The  temperature  is  recorded  at  the  point  at  which 
crystals  just  begin  to  form.  In  most  instances  this  point  is  fairly 
sharp.  In  others,  however,  because  of  the  gradual  precipitation 
the  exact  temperature  is  uncertain.  The  limit  of  observational 
error  is  =*=  1  °  C. 

Results.  The  precipitation  temperatures  in  w-heptane 
and  n-butyl  alcohol  are  plotted  in  Figure  1.  It  is  evident 
that  the  precipitation  temperatures  of  carnauba  and  ozokerite 
are  much  higher  than  those  of  other  waxes.  It  may,  there¬ 
fore,  be  said  that  if,  for  example,  0.125  gram  of  a  wax  in  10  cc. 
of  n-butyl  alcohol  has  a  precipitation  temperature  above 
50 0  C.,  it  probably  contains  ozokerite  or  carnauba.  When  the 
precipitation  temperature  of  0.100  gram  of  wax  in  10  cc.  of  n- 
butyl  alcohol  is  above  64°  C.,  a  quantity  of  high-melting  ozo¬ 
kerite  is  present  in  the  wax  mixture.  In  such  a  case  the 
presence  of  carnauba  admixed  with  ozokerite  cannot  be  de¬ 
tected.  However,  if  the  wax  mixture  is  then  dissolved  in  n- 
heptane,  the  order  of  solubility  of  the  two  waxes  is  reversed 
and  carnauba  precipitates  at  a  higher  temperature  than  ozo¬ 
kerite.  A  determination  of  the  precipitation  temperatures  of 
definite  concentrations  of  wax  in  both  7i-butyl  alcohol  and  71- 
heptane,  therefore,  will  permit  the  detection  of  both  ozokerite 
and  carnauba.  Their  presence  is  further  verified  by  a 
quantitative  separation  of  the  wax  components  and  by  the 
other  constants  determined. 

Beeswax  was  omitted  from  the  7i-heptane  determinations 
because  it  remains  dissolved  in  concentrations  specified  even 
at  room  temperature.  Candelilla  and  rosin  (colophony) 
form  cloudy  solutions  in  boiling  n-heptane;  their  presence 
would,  therefore,  interfere  with  the  determination  of  the  pre¬ 
cipitation  temperatures  in  this  solvent.  However,  the  pre¬ 
cipitation  temperatures  in  n-butyl  alcohol  are  not  influenced 
by  their  presence. 

Separation  and  Comparison  of  Properties  of  Wax 
Components 

The  methods  described  below  have  the  advantage  of  reason¬ 
able  simplicity  and  avoid  the  formation  of  troublesome 
emulsions.  The  properties  of  the  isolated  fractions  are 
limited  to  those  of  specific  value  in  the  identification  of  the 
waxes. 


Alcohol-Soluble  Fraction.  Alcohol  extraction  is  an 
established  method  for  the  determination  of  stearic  acid  and 
rosin  in  beeswax.  In  order  to  extend  this  procedure  to  the 
estimation  of  these  substances  in  other  waxes,  it  is  necessary 
to  have  a  knowledge  of  the  quantity  as  well  as  the  properties 
of  the  alcohol-soluble  fractions  of  all  the  waxes. 

Procedure.  Fifty  grams  of  wax  are  melted  in  a  400-cc.  beaker 
and  extracted  by  treating  with  four  150-cc.  volumes  of  boiling  95 
per  cent  alcohol.  The  alcohol  solution  is  decanted  while  hot, 
and  allowed  to  cool  to  25  °  C.  The  precipitate  is  then  collected  on 
a  Buchner  funnel,  washed  twice  with  50  cc.  of  cold  alcohol,  and 
combined  with  the  residue  that  remains  from  the  original  hot 
extraction.  The  filtrate  is  evaporated  and  the  residue  weighed. 

The  alcohol-soluble  extract  of  candelilla  consists  of  a  clear 
resinous  material  with  characteristic  aromatic  odor.  It  is 
completely  soluble  in  cold  acetone,  alcohol,  benzene,  ether, 
terpineol,  and  ethylene  chlorohydrin,  and  partially  soluble  in 
hot  acetic  anhydride  and  in  boiling  Ti-heptane  and  cyclo¬ 
hexane.  In  30  parts  of  n-heptane  15  per  cent  of  the  resin- 
like  material  remains  undissolved.  A  reddish  purple  color 
which  changes  to  dark  purple  on  standing  is  obtained  in  the 
Liebermann-Storch  test. 

The  alcohol-soluble  material  from  carnauba  consists  of  a 
greenish,  gummy,  and  resinlike  material  with  a  pungent, 
aromatic  odor.  It  shows  approximately  the  same  solubilities 
as  the  candelilla  resin,  and  in  30  parts  of  cold  7i-heptane  16.5 
per  cent  remains  undissolved.  The  result  of  the  Liebermann- 
Storch  color  reaction  is  similar  to  that  for  candelilla  resin. 

The  alcoholic  extracts  from  beeswax,  spermaceti,  and 
bleached  montan  have  a  soft  waxlike  consistency,  and  are 
completely  soluble  in  7i-heptane  and  cyclohexane  (the  corre¬ 
sponding  candelilla  and  carnauba  fractions  produce  cloudy 
solutions  when  dissolved  in  these  solvents) . 

Alcohol-Insoluble  Fraction.  Ten  grams  of  the  fraction  in¬ 
soluble  in  95  per  cent  alcohol  at  25°  C.  are  saponified  by  boiling 
for  2  hours  with  a  mixture  of  50  cc.  of  benzene  and  25  cc.  of  alco¬ 
holic  potassium  hydroxide  (45  grams  of  potassium  hydroxide  in 
1000  cc.  of  absolute  alcohol).  Fifty  cubic  centimeters  of  hot 
water  are  added  and  the  aqueous  layer  is  drawn  off  and  washed 
with  three  successive  volumes  of  50,  30,  and  30  cc.  of  benzene. 
The  combined  benzene  solution  is  washed  with  an  alkaline  aque¬ 
ous-alcohol  mixture  (2  to  1).  The  benzene  is  evaporated  and  the 
unsaponifiable  matter  dried  at  110°  C.  To  the  soap  solution,  15 
cc.  of  concentrated  hydrochloric  acid  are  added  and  the  separated 
acids  are  shaken  out  with  hot  benzene.  The  benzene  layer,  sepa¬ 
rated  from  the  acid  aqueous  layer,  is  washed  twice  with  equal 
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.  .  .  volumes  of  water,  and  evaporated.  The  acids  are  then  dried  at 

:  :  :  :  110°  C. 
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By  this  method  the  alcohol-insoluble  fraction  is  divided 
into:  (1)  substances  soluble  in  aqueous  alkali  after  saponifi¬ 
cation  (chiefly  wax  acids);  and  (2)  substances  insoluble  in 
aqueous  alkali,  but  soluble  in  benzene  (chiefly  alcohols  and 
hydrocarbons,  known  collectively  as  the  “unsaponifiable  mat¬ 
ter”). 

Acids.  The  acids  are  dissolved  in  twenty  parts  of  hot  95 
per  cent  alcohol,  and  the  solution  is  allowed  to  cool  to  25°  C. 
and  filtered.  Two  fractions  result:  (1)  acids  soluble  in  cold 
alcohol  and  (2)  acids  insoluble  in  cold  alcohol. 

Unsaponifiable  Matter.  For  the  separation  of  the  alcohols 
and  hydrocarbons  in  this  fraction,  a  modification  of  Leys’  {17) 
method  wras  used.  This  method  is  based  upon  the  insolu¬ 
bility  of  hydrocarbons  in  a  boiling  mixture  of  equal  parts  of 
fuming  hydrochloric  acid  and  amyl  alcohol;  the  alcohols  are 
soluble  in  this  mixture  at  the  boiling  point.  A  further  sepa¬ 
ration  of  the  alcohols  is  based  upon  the  insolubility  in  this 
solvent  mixture  at  room  temperature  of  the  alcohols  with 
more  than  22  carbon  atoms. 
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The  unsaponifiable  matter  (from  10  grams  of  wax)  is  dissolved 
in  100  cc.  of  hot  amyl  alcohol  and  100  cc.  of  concentrated  hydro¬ 
chloric  acid  (36  per  cent)  are  added.  The  mixture  is  stirred  and 
boiled  over  an  asbestos  plate  for  about  5  minutes.  The  presence 
of  hydrocarbons  is  evidenced  by  an  oily  layer  on  the  surface  of  the 
liquid.  Upon  cooling,  a  disk  of  solidified  hydrocarbons  can  be 
lifted  from  the  lower  amyl  alcohol-hydrochloric  acid  layer.  The 
residual  liquid  is  filtered  through  a  Buchner  funnel  and  the  pre¬ 
cipitate  washed  twice  with  25  cc.  of  amyl  alcohol-hydrochloric 
acid  mixture.  The  filter  paper  with  the  precipitate  is  placed  in  a 
large  evaporating  dish  and  boiling  water  is  added.  The  oily 
layer  of  wax  alcohols  rises  to  the  top  and  solidifies  on  cooling. 
The  filtrate  containing  the  soluble  alcohols  is  washed  in  a  separa¬ 
tory  funnel  with  hot  water  until  free  from  hydrochloric  acid. 
The  amyl  alcohol  is  then  evaporated  or  vacuum-distilled,  and  the 
alcohols  are  dried  and  weighed. 
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This  divides  the  unsaponifiable  matter  into  three  fractions: 
(1)  substances  insoluble  in  hot  amyl  alcohol-hydrochloric 
acid  mixture  (chiefly  hydrocarbons);  (2)  substances  soluble 
in  hot  amyl  alcohol-hydrochloric  acid  mixture  but  insoluble 
in  cold  amyl  alcohol-hydrochloric  acid  mixture  (mainly 
alcohols  of  high  molecular  weight,  such  as  ceryl  or  myricyl) ; 
(3)  substances  soluble  in  cold  amyl  alcohol-hydrochloric  acid 
mixture  (mainly  wax  alcohols  of  low  molecular  weight,  such  as 
cetyl  alcohol). 

The  properties  of  the  various  fractions  separated  from 
each  wax  by  the  procedure  outlined  are  listed  in  Table  I. 

Discussion 

The  results  of  the  preceding  determinations  are  interpreted 
below.  Allied  substances  such  as  stearic  acid,  cetyl  alcohol, 
and  rosin  are  included,  since  they  are  often  found  admixed 
with  waxes,  and  their  presence  may  affect  the  interpretation 
of  the  results. 

From  a  knowledge  of  the  constants  certain  generalities  may 
be  inferred — for  example,  a  low  saponification  value  (below 
50)  indicates  the  presence  of  paraffin  or  ozokerite;  a  very  low 
acid  value  (below  3  or  4)  excludes  the  presence  of  more  than 
10  per  cent  of  beeswax,  montan,  or  candelilla,  and  indicates 
the  absence  of  rosin  or  stearic  acid.  Similarly,  a  low  acetyl 
value  (below  10)  excludes  appreciable  quantities  of  carnauba 
or  free  cetyl  alcohol;  a  low  melting  point  (below  65°  C.) 
shows  the  absence  of  more  than  10  per  cent  of  carnauba  {18, 
16). 

The  precipitation  temperatures  indicate  the  presence  or 
absence  of  ozokerite  and  carnauba. 

An  examination  of  the  alcohol-soluble  fraction  yields  valu¬ 
able  information  concerning  a  wax  mixture — for  example, 
when  the  quantity  of  alcohol  extract  is  below  5  per  cent,  the 
absence  of  candelilla,  rosin,  stearic  acid,  and  cetyl  alcohol 
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may  be  definitely  inferred.  Candelilla  contains  20  per  cent 
of  an  alcohol-soluble  resinous  substance  with  a  low  acid  value. 
Consequently,  the  presence  of  more  than  5  per  cent  of  an 
alcohol-soluble  material  with  a  high  acid  value  (above  25) 
indicates  the  presence  of  acid  substances  such  as  stearic  acid 
or  rosin. 

The  separation  of  the  constituents  of  the  alcohol-insoluble 
fraction  and  the  determination  of  their  properties  yield  more 
specific  information  concerning  the  wax  mixture.  The  wax 
acids  are  divisible  into  two  groups  on  the  basis  of  solubility. 
The  acids  soluble  in  cold  alcohol  are  compounds  of  low  mo¬ 
lecular  weight,  chiefly  myristic,  palmitic,  and  adjacent  ho¬ 
mologous  acids,  with  melting  point  below  51°  C.  Those 
insoluble  are  compounds  of  high  molecular  weight  with  carbon 
content  from  24  to  34,  and  melting  point  above  75°  C.  The 
entire  acid  fraction  of  spermaceti  and  75  per  cent  of  the  acids  of 
beeswax  are  composed  of  the  lower  melting  point  compounds. 
Therefore,  if  the  alcohol-soluble  acid  fraction  is  absent,  or 
present  in  small  quantities  (less  than  7.5  per  cent  of  the  entire 
wax),  spermaceti  and  beeswax  are  either  absent  or  present  in 
small  quantities.  A  further  verification  can  be  obtained  by 
an  examination  of  the  wax  alcohols. 

The  wax  alcohols  have  similarly  been  divided  into  a  fraction 
soluble  in  cold  amyl  alcohol-hydrochloric  acid  mixture  and  a 
fraction  insoluble  in  this  solvent.  The  entire  unsaponifiable 
fraction  from  spermaceti  is  composed  of  alcohols  soluble  in 
cold  amyl  alcohol-hydrochloric  acid,  whereas  all  the  other 
waxes,  including  beeswax,  yield  comparatively  small  per¬ 
centages  of  material  soluble  in  this  solvent  at  25°  C.  There¬ 
fore,  the  presence  or  absence  of  spermaceti  would  be  indicated 
by  the  determination  of  the  quantity  of  material  soluble  in 
cold  amyl  alcohol-hydrochloric  acid  mixture.  Since  sperma¬ 
ceti  is  essentially  the  cetyl  ester  of  myristic  and  lauric  acids, 
the  ratio  of  soluble  acids  to  soluble  alcohols  is  approximately 
1  to  1.  A  higher  ratio,  such  as  1.5  or  more  of  soluble  acids  to 
one  part  of  soluble  alcohols,  would  therefore  indicate  the 
presence  of  beeswax. 

The  hydrocarbon  fraction  offers  a  means  for  detecting  the 
presence  of  ozokerite  or  paraffin.  The  wax  hydrocarbons  are 
carbonized  when  heated  to  110°  C.  with  concentrated  sulfuric 
acid  (8,  18),  while  the  paraffin  hydrocarbons  are  unattacked 
and  can  be  extracted  from  the  diluted  acid  mixture  with  a 
volatile  solvent  such  as  ether  or  petroleum  ether.  The 
quantitative  determination  of  ozokerite  and  paraffin,  when 
both  are  present,  is  difficult.  Graefe’s  method  (10),  often 
employed  for  this  purpose,  is  based  upon  the  fact  that  50  to 
60  per  cent  of  ceresin  hydrocarbons  are  precipitated  from  their 
solution  in  carbon  disulfide  by  the  addition  of  a  mixture  of 
ether  and  alcohol  (1  to  1),  whereas  paraffins  remain  in  solu¬ 
tion.  Other  methods,  based  on  differences  in  solubility, 
melting  points,  and  refractive  index,  are  described  by  Holde 

(J*).  .  . 

The  following  compilation  of  the  important  distinguishing 
characteristics  of  each  wax  is  presented  as  a  supplement  to 
this  discussion. 

Spermaceti.  The  unsaponifiable  matter,  totaling  48  per  cent, 
is  found  in  the  fraction  soluble  in  cold  amyl  alcohol-hydrochloric 
acid.  All  the  acids  are  soluble  in  cold  ethyl  alcohol.  When 
added  to  other  waxes,  spermaceti  causes  a  lowering  of  the  acid 
value,  melting  point,  and  acetyl  value.  The  ethanol-soluble 
fraction  is  small,  and  hydrocarbons  are  absent. 

Beeswax.  Seventy-five  per  cent  of  the  acids  are  soluble  in 
cold  alcohol.  (If  spermaceti, is  present,  as  indicated  by  the  quan¬ 
tity  of  cold  amyl  alcohol-hydrochloric  acid  fraction,  the  amount 
of  acids  in  excess  of  the  combining  ratio  of  alcohols  and  acids,  1  to 
1,  which  form  the  ester  of  spermaceti  permits  the  calculation  of 
the  approximate  quantity  of  beeswax.) 

Carnauba.  The  precipitation  temperatures  in  n-butyl  alcohol 
and  in  n-heptane  are  much  higher  than  those  of  other  waxes 
(ozokerite  excepted).  Hydrocarbons  are  present  in  but  very 
small  amounts  (about  1  per  cent).  The  acetyl  value  is  much 


higher  than  that  of  any  other  wax  studied.  The  melting  point  of 
a  wax  mixture  is  considerably  increased  by  the  addition  of  small 
quantities  of  carnauba  (13,  16).  The  acids  and  alcohols  are 
mostly  of  high  molecular  weight;  consequently,  both  the  cold 
alcohol-soluble  acid  fraction  and  the  fraction  soluble  in  cold  amyl 
alcohol-hydrochloric  acid  are  very  small. 

Candelilla.  The  alcohol-soluble  fraction  consists  of  a  resin¬ 
ous  material  and  constitutes  approximately  20  per  cent  of  the 
wax.  This  fraction  has  a  low  acid  value,  in  contradistinction  to 
rosin  (colophony)  which  has  an  acid  value  of  about  160.  The 
resinous  material  may  be  separated  from  rosin  and  stearic  acid 
by  neutralizing  the  alcohol-soluble  fraction  with  potassium  hy¬ 
droxide,  adding  water,  and  extracting  with  ether  or  benzene. 

The  acid  fraction  of  candelilla  is  dark  brown  in  color  and  more 
than  75  per  cent  is  insoluble  in  cold  alcohol.  The  hydrocarbon 
fraction  is  relatively  large.  The  hydrocarbons  differ  from  paraf¬ 
fin  or  refined  ozokerite  hydrocarbons  in  being  readily  carbonized 
by  concentrated  sulfuric  acid. 

Montan.  Considerable  differences  are  found  in  the  composi¬ 
tion  of  the  three  varieties  of  montan,  but  all  invariably  contain 
montanic  acid  (C28H56O2),  free  or  combined  as  an  ester.  The 
proportion  of  hydrocarbons  is  large,  and  ketones  have  been  found 
in  the  raw  and  the  distilled  products.  The  presence  of  resinous 
substances  and  sulfur-containing  compounds  differentiates  the 
raw  montan  from  the  distilled  and  bleached  products. 

Because  of  the  absence  of  alcohols,  the  acetyl  value  of  the  un¬ 
saponifiable  matter  of  distilled  wax  is  for  all  practical  purposes 
zero,  whereas  the  raw  and  refined  wax  contain  varying  amounts 
of  alcohols  of  high  molecular  weight,  such  as  ceryl  or  myricyl. 
The  presence  of  ketones  in  the  unsaponifiable  matter  is  an  im¬ 
portant  clue  to  the  identification  of  montan.  Ketones  are  esti¬ 
mated  by  reducing  with  sodium  in  alcohol  to  secondary  alcohols 
and  determining  the  difference  in  hydroxyl  value  before  and 
after  reduction  (3).  They  may  also  be  estimated  by  the  method 
of  Mangouri  (19),  which  is  based  on  the  insolubility  in  boiling 
methyl  alcohol  of  the  barium  salt  of  a  hydrazone  formed  when 
the  ketones  are  treated  with  p-hydrazinebenzoic  acid. 

Paraffin.  The  hydrocarbons  are  not  attacked  by  concen¬ 
trated  sulfuric  acid,  whereas  wax  hydrocarbons  are  carbonized 
by  this  acid.  The  addition  of  paraffin  to  a  wax  mixture  appre¬ 
ciably  lowers  the  saponification  value. 

Ozokerite.  The  precipitation  temperatures  in  n-butyl  alcohol 
and  n-heptane  are  much  higher  than  those  of  all  the  other  waxes 
(carnauba  excluded).  The  hydrocarbons  of  the  refined  ozokerite 
are  not  attacked  by  concentrated  sulfuric  acid. 

The  precipitation  temperatures  of  the  unattacked  hydrocarbons 
can  be  used  to  differentiate  paraffin  qualitatively  from  ozokerite. 
Graefe’s  method  (10)  may  be  applied  to  determine  whether  both 
are  present. 

Rosin  (Colophony).  Rosin,  which  is  found  in  the  cold  alco¬ 
hol-soluble  fraction,  has  a  very  high  acid  value  (about  160),  and 
can  be  differentiated  from  stearic  acid  in  that  rosin  acids  are  not 
converted  into  ethyl  esters  when  treated  in  alcohol  solution  with 
hydrogen  chloride  gas  (15).  Addition  of  rosin  to  a  wax  mixture 
raises  the  acid  value  considerably  (10  per  cent  of  rosin  increases 
the  acid  value  by  16).  Color  reactions  for  rosin,  such  as  the 
Liebermann-Storch  reaction,  are  not  very  reliable  since  candelilla 
and  montan  produce  similar  colors. 

Stearic  Acid.  This  acid,  like  rosin,  is  found  in  the  alcohol- 
soluble  fraction,  and  is  differentiated  from  rosin  as  indicated 
above.  The  acid  value  of  a  wax  mixture  is  increased  by  20  when 
10  per  cent  of  stearic  acid  is  added. 

Cetyl  Alcohol.  This  alcohol  is  identified  by  the  high  acetyl 
value  of  the  alcohol-soluble  fraction.  The  acetyl  value  of  the 
entire  wax  mixture  is  increased  by  20  for  each  10  per  cent  of 
added  cetyl  alcohol. 

Summary 

The  precipitation  temperatures  of  the  waxes  in  n-butyl 
alcohol  and  n-heptane  are  proposed  as  criteria  for  the  detec¬ 
tion  of  carnauba  and  ozokerite  in  a  mixture  of  waxes. 

The  quantitative  separation  involves  the  isolation  of  an 
ethanol-soluble  fraction,  fatty  acids  of  high  and  low  molecular 
weight,  hydrocarbons,  and  fatty  alcohols  of  high  and  low 
molecular  weight. 

A  schematic  outline  for  the  identification  of  waxes  in  ad¬ 
mixture  has  been  developed  on  a  semiquantitative  basis. 
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Computing  Titration  Blanks 

FRANCIS  W.  GLAZE,  National  Bureau  of  Standards,  Washington,  D.  C. 


IN  1936  Park  {2)  pointed  out  that  if  a  series  of  volumetric 
determinations  is  made  under  exactly  the  same  conditions, 
except  as  to  the  amount  of  the  sample,  the  value  of  the  blank 
(at  zero  sample)  may  be  computed  by  extrapolation  of  these 
data.  As  an  illustration,  he  cited  a  series  of  four  titrations 
of  varying  amounts  of  a  standardized  zinc  solution,  each  in  a 
volume  of  200  ml.,  by  means  of  a  potassium  ferrocyanide  solu¬ 
tion. 

In  order  to  extrapolate  these  data  analytically,  he  deter¬ 
mined  the  constants  of  an  equation  for  a  straight  line  passing 
through  the  four  points,  by  solving  each  of  the  six  pairs  of  si¬ 
multaneous  equations  which  could  be  set  up  from  the  four 
points,  and  using  the  averages  of  the  six  pairs  of  constants  so 
computed. 

This  procedure  gives  a  result  which  is  adequate  when  the 
data  fall  in  a  straight  line  and  are  in  such  excellent  alignment 
as  those  used  in  Park’s  illustration.  In  fact,  for  such  data  an 
extrapolation  can  be  made  rapidly  and  easily  by  graphical 
means,  and  the  use  of  a  fairly  large  scale  in  plotting  will  ensure 
the  required  precision.  Park’s  data,  plotted  on  a  condensed 
scale,  are  shown  in  Figure  1  (curve  1),  in  which  the  value  of 
the  blank  (at  zero  sample)  is  represented  by  the  intersection  of 
the  extrapolated  curve  on  the  vertical  axis. 

As  a  rule,  however,  the  data  do  not  fall  in  such  good  align¬ 
ment,  and  may  deviate  from  a  straight  line  nonsystematically. 
In  fitting  a  straight  line  to  such  points  by  eye,  considerable 
uncertainty  may  exist  as  to  its  exact  location,  and  a  signifi¬ 
cant  variation  may  occur  in  the  apparent  value  for  the  blank 
as  determined  by  graphical  extrapolation.  In  such  a  case,  an 
appreciable  error  may  also  be  introduced  in  computing  the 
value  of  the  blank  by  the  procedure  Park  used,  since  constants 
computed  from  adjacent  data  points  are  given  the  same 
weight  as  those  computed  from  the  most  widely  separated 
points.  Hence,  it  is  preferable  to  fit  the  curve  to  the  points 
by  the  method  of  least  squares. 

Starting  with  the  equation 

t  =  as  +  (1) 

where  t  is  the  titration  value  in  milliliters,  s  the  volume  or 
weight  of  sample  taken,  a  the  titration  value  per  unit  sample, 
and  t0  the  blank  in  milliliters,  and  making  n  titrations,  each 
on  a  different  sized  sample,  it  can  be  shown  that : 

2s22f  -  2 sZst 

0  -  n2s2  -  (2s)2  1 ’ 


If  it  is  convenient  to  weigh  out  or  measure  the  samples  in 
the  ratio  1:2:3,  etc.,  the  following  simpler  equation  can  be 
used: 


This  equation  can  be  applied  to  data  of  the  type  reported 
by  Park  with  considerably  less  calculation  than  is  required 
for  the  method  he  used,  and  with  greater  precision.  The 


data  he  reported  were  as  follows: 

K4Fe(CN)6  Solution 

Zn  Solution 

Ml. 

Ml. 

h 

9.75 

Si 

10 

h 

19.13 

32 

20 

<3 

28.50 

S3 

30 

ti 

37.87 

S4 

40 

Substituting  in  Equation  3, 

2(9.75  +  19.13  +  28.50) 

=  2(9.75  +  19H3  +  28.50)  _  3?  _  0  38 

O 


Since  the  data  in  this  illustration  are  in  almost  perfect 
alignment,  all  the  above  methods  (the  graphical,  Equation  2, 
or  Equation  3)  give  the  same  result,  and  the  practical  advan¬ 
tage  of  using  Equation  3  lies  only  in  its  brevity.  However, 
when  there  is  considerable  scatter  in  the  data,  the  greater 
precision  obtained  by  using  the  method  of  least  squares  is 
important. 

A  close  perusal  of  curve  2,  Figure  1,  indicates  that  the 
points  deviate  systematically  from  a  straight  line.  This 
curve  was  constructed  from  the  following  data  (I) : 


Ba(OH)j  Solution 

B2O3  Solution 

Ml. 

Ml. 

6 

1.91 

Si 

2 

(2 

3.47 

S2 

4 

tz 

5.11 

S3 

6 

ti 

6.62 

S4 

8 

ti 

8. 14 

S5 

10 

The  blank  calculated  from  these  data  by  means  of  Equa¬ 
tion  3  is  0.415  ml.  against  a  determined  blank  of  0.27  ml. 
This  is  too  great  a  deviation  for  accurate  work  and  necessi¬ 
tates  the  introduction  of  another  term  in  Equation  1,  so  that 

(  =  6s2  +  as  -j-  c  (4) 

where  c  is  used  for  t0,  inasmuch  as  it  is  no  longer  the  blank,  but 
only  the  intercept  of  the  curve  on  the  (-axis. 
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Figure  1.  Titration  Curves  of  Zinc  by  Potassium  Ferrocyanide  and  of  Boron  Trioxide  by 

Barium  Hydroxide 


Substituting  the  above  values  in  Equation  4  and  solving 
for  the  constants  by  means  of  least  squares 

t  =  -0.00375s2  +  0.8255s  +  0.26 

It  is  interesting  to  note  how  closely  c  (0.26)  agrees  with  the 
determined  value  (0.27).  The  curve  of  this  equation  can  be 
plotted  on  a  large  scale.  Then,  in  making  succeeding  titra¬ 
tions,  the  amount  of  sample,  s,  can  be  read  off  the  curve  by  in¬ 
terpolation  for  any  quantity  of  the  titrating  solution,  t,  pro¬ 
vided  the  conditions  under  which  the  titration  is  made  are 
the  same  in  both  cases.  If,  however,  a  smooth  curve  can  be 
accurately  fitted  to  the  points  by  eye,  a  least  squares  solution 
becomes  unnecessary.  It  would  seem  advisable  that  any 
titration  data,  concerning  which  there  is  any  question,  be 
graphically  analyzed  before  deciding  which  of  the  above 
methods  of  correcting  for  the  blank  to  use  or  even  before 
applying  the  blank  as  ordinarily  determined. 

For  the  method  of  extrapolation  to  zero  sample  to  be  of 
value,  the  titrations  must  be  accurately  done,  or  a  large  num¬ 
ber  of  titrations  must  be  made,  so  that  the  variations  of  the 
individual  titrations  will  not  unduly  affect  the  accuracy  of  the 
computed  value  of  the  blank.  Also,  there  should  be  a  high 


ratio  (preferably  at  least  3  to  1)  of  the  spread  between  the 
largest  and  smallest  sample  to  the  distance  of  extrapolation. 
Where  the  end  point  is  affected  by  the  volume  of  solution  ti¬ 
trated,  the  same  volume  must  be  used  in  all  cases.  Of  course, 
if  the  end  point  varies  in  a  nonlinear  manner  with  the  size  of 
the  sample,  linear  extrapolation  is  unsatisfactory,  and  some 
method  such  as  that  used  in  connection  with  curve  2,  Figure 
1,  must  be  used. 

It  is  felt  that  blanks  evaluated  by  graphical  or  “analytical” 
extrapolation  (or  indirectly  by  interpolation  when  the  rela¬ 
tion  is  nonlinear)  are  in  many  cases  preferable  to  directly  de¬ 
termined  blanks,  since  the  former  are  based  on  data  obtained 
under  the  actual  conditions  of  the  titration.  Also,  in  the  par¬ 
ticular  case  where  the  relation  between  the  titration  value  and 
the  size  of  the  sample  is  not  linear,  the  blank  as  ordinarily  de¬ 
termined  is  not  the  true  blank,  but  only  the  intercept  of  the 
curve  on  the  f-axis.  In  this  case  it  is  especially  necessary  to 
take  precautions  to  arrive  at  a  correct  value  for  the  blank. 
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Factors  Affecting  Adsorptive  Power  of  Magnesia 

for  Carotene 
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Texas  Agricultural  Experiment  Station,  College  Station,  Texas 


THE  chemical  determination  of  carotene  in  feeds  ( 6 ),  such 
as  alfalfa  meal  and  other  plant  materials,  is  now  used 
as  a  regular  procedure  in  many  laboratories  to  estimate  the 
vitamin  A  potency  of  these  feeds.  The  petroleum  ether  solu¬ 
tion  of  carotene  obtained  in  this  determination,  according  to 
Shinn  and  co-workers  (5)  and  Quackenbush  and  co-workers 
(7),  is  likely  to  contain  interfering  impurities.  This  has  been 
confirmed  by  Fraps  and  Kemmerer  (1)  and  a  simple  method 
for  eliminating  part  or  perhaps  all  of  these  impurities  by 
selective  adsorption  has  been  presented.  The  carotene  solu¬ 
tion  is  shaken  with  specially  activated  magnesia  which  ad¬ 
sorbs  xanthophyll  but  does  not  adsorb  carotene.  Appreciable 
quantities  of  impurities  are  removed  by  this  procedure  from 
petroleum  ether  solutions  prepared  by  the  usual  methods  ( 6 ) 
for  estimating  carotene. 

Activated  magnesia  having  the  necessary  properties  was 
easily  prepared  from  the  magnesium  oxide  on  hand,  but  when 
this  supply  ran  low  and  other  lots  of  magnesium  oxide  were 
tried,  the  preparations  adsorbed  carotene  and  so  were  not 
suitable  for  use.  It  therefore  became  necessary  to  study 
methods  for  the  preparation  of  activated  magnesia  having 
the  desired  properties  and  the  factors  which  affect  adsorption 
of  carotene. 

Method  of  Procedure 

The  magnesium  oxide  was  activated  by  heating  with  an  equal 
quantity  of  water  in  an  evaporating  dish  for  30  minutes;  the 
mixture  was  broken  up  with  a  spatula  but  not  stirred.  Stirring 
caused  the  preparation  to  absorb  carotene.  This  procedure  was 
used  in  all  the  work  here  presented,  where  the  term  “activated 
magnesia”  is  used,  and  no  doubt  converted  most  of  the  mag¬ 
nesium  oxide  to  magnesium  hydroxide.  The  product  obtained 
was  usually  a  fine  powder  which  required  no  treatment  other  than 
breaking  up  the  lumps.  If  the  activated  product  was  not  a  fine 
powder,  it  was  finely  ground  in  a  mortar.  As  shown  in  the  pre¬ 
vious  work  (I),  heating  longer  than  30  minutes,  or  subjection  to 
a  higher  temperature  such  as  that  of  aniline  vapor,  caused  adsorp¬ 
tion  of  carotene. 

The  determinations  of  the  adsorptive  power  for  carotene  were 
made  by  shaking  2.5  grams  of  the  powder  with  50  cc.  of  petroleum 
ether  (Skellysolve  F,  b.  p.  30°  to  76.7°  C.,  86°  to  170°  F.)  con¬ 
taining  approximately  2  parts  per  million  of  purified  carotene 
prepared  from  S.  M.  A.  crystallized  carotene  as  already  described 
( 1 )  and  used  when  fresh,  and  reading  the  residual  color  in  a  KWSZ 
photoelectric  photometer.  A  test  made  by  Miller,  Zscheile,  and 
Hogness  (4)  showed  that  S.  M.  A.  carotene  did  not  contain  colored 
impurities,  but  the  authors  purified  it  further  by  dissolving  it 
in  chloroform  and  precipitating  it  with  methyl  alcohol.  Adsorp¬ 
tion  of  xanthophyll  was  determined  in  a  similar  way,  with  use  of 
crude  xanthophyll  prepared  from  alfalfa  leaf  meal  as  already 
described  ( 1 ). 

Results  of  Work 

Samples  of  fifteen  magnesium  oxides  and  four  magnesium 
hydroxides  secured  by  purchase  or  by  the  cooperation  of  the 
California  Chemical  Company  and  Merck  &  Company  were 
studied  for  their  adsorptive  power  as  received  and  after 
activation,  as  described  above.  Although  all  but  one  of  the 
oxides  adsorbed  less  carotene  after  activation  than  before,  all 
nineteen  samples  adsorbed  carotene  and  were  not  suitable  for 
use  in  the  analytical  work.  The  carotene  adsorbed  ranged 
from  7.5  to  90  per  cent  of  the  quantity  used.  Preparation  of 
suitable  activated  magnesia  from  commercial  magnesium 
oxides  or  hydroxides  by  the  method  described  therefore  ap¬ 
peared  almost  impossible. 


Since  the  temperature  and  the  time  of  heating  affect  the 
physical  properties  of  magnesium  oxide  prepared  from  the 
basic  carbonate,  the  effects  of  heating  at  high  temperatures 
on  the  adsorptive  power  of  magnesia  preparations  were 
studied.  Magnesium  oxides  of  high  adsorptive  power  were 
activated  by  heating  with  water  as  described  above  and  then 
heated  in  a  muffle  furnace  with  automatic  electrical  tem¬ 
perature  control.  For  one  sample,  the  percentage  of  carotene 
adsorbed  decreased  (Table  I)  from  95.9  per  cent  when  heated 
at  400°  C.  to  0.5  per  cent  at  1000°  C.  when  not  activated. 
When  activated,  the  product  adsorbed  75.6  per  cent  of  the 
carotene  when  heated  at  400°  C.,  and  0.5  per  cent  when 
heated  at  900°  C.  This  sample  of  magnesium  oxide,  when 
heated  to  900°  C.  and  activated,  adsorbed  so  little  carotene 
that  it  could  be  used  for  the  desired  purpose. 

Table  I.  Effect  of  Temperature  of  Heating  Activated 
Magnesium  Oxide  on  Adsorption  of  Carotene 

Carotene  Adsorbed 


Temperature 

Time  of 
Heating 

Heated 

preparation 

Activated 

heated 

preparation 

0  C. 

Hours 

% 

% 

100.0 

70.6 

400 

\.o 

95.9 

75.6 

750 

0.5 

96.9 

25.0 

750 

1.0 

21.3 

7.1 

900 

2.0 

18.8 

0.5 

1000 

1.0 

0.5 

1.2 

Samples  of  thirteen  other  magnesium  oxides  were  activated 
and  heated  for  2  hours  at  900°  C.  The  adsorptive  power  of 
some  of  the  magnesium  oxides  decreased,  while  others  in¬ 
creased,  but  when  unactivated,  they  adsorbed  from  18.8  to 
97.9  per  cent  of  the  carotene  and  were  unsuitable  for  use. 
After  activation,  seven  had  a  lower  adsorptive  power,  two 
had  about  the  same,  and  five  had  a  higher  adsorptive  power 
than  the  similar  product  before  heating,  but  only  two  did 
not  adsorb  carotene  and  were  suitable  for  use.  The  other 
thirteen  adsorbed  from  1.2  to  99.5  per  cent  of  the  carotene. 
A  number  of  preparations  were  usually  tested  at  the  same 
time  and  with  the  same  solution  of  carotene. 

The  causes  of  the  differences  in  the  action  of  supposedly 
the  same  kinds  of  magnesium  oxides  to  the  same  treatment 
remain  to  be  discovered.  It  is  claimed  (5)  that  at  high  tem¬ 
peratures  (800°  C.  or  above)  magnesium  oxide  tends  to  change 
from  an  amorphous  state  to  a  crystalline  structure,  and  that 
this  change  is  accelerated  by  such  impurities  as  iron  oxide. 
Presence  or  absence  of  iron  oxide  or  other  impurities  might 
contribute  to  differences  in  action  of  the  various  samples. 

In  preliminary  work  it  was  found  that  additions  of  water 
decreased  the  adsorptive  power  of  activated  magnesia  for 
carotene.  The  effects  of  different  amounts  of  water  on  adsorp¬ 
tion  of  carotene  by  activated  magnesia  or  magnesia  hydroxide 
are  given  in  Table  II.  Although  the  proportion  of  water 
added  to  some  samples  was  high,  when  thoroughly  mixed, 
all  the  water  was  adsorbed  and  a  powder  resulted.  The 
adsorption  of  carotene  decreased  as  more  water  was  added 
until  it  became  zero,  but  the  quantity  of  water  required  dif¬ 
fered  widely  with  the  different  samples.  The  first  activated 
sample  required  the  addition  of  90  per  cent  of  water  to  re¬ 
duce  the  adsorption  of  carotene  to  zero,  the  second  40  per 
cent  and  the  third  54  per  cent,  while  the  two  samples  of  mag- 
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nesium  hydroxide  required  only  10  per  cent  of  water.  Addi¬ 
tions  of  small  amounts  of  water  (about  10  per  cent)  to  a  num¬ 
ber  of  other  activated  preparations  reduce  the  adsorption  of 
carotene  to  zero  and  render  the  preparations  suitable  for  use. 


Table  II.  Effect  of  Quantity  of  Water  upon  Adsorptive 
Power  of  Magnesium  Hydroxide  for  Carotene 


Water  Added 
to  5  Grams 

Carotene 

Xanthophyll 

Method  of  Preparation 

Mg(OH)« 

Adsorbed 

Adsorbed 

Cc. 

% 

% 

c.  P.  light  magnesium  carbonate  ignited 

0.0 

73.9 

at  400°  C.  and  then  activated 

0.3 

1  0 

51 .8 
29.1 
15.6 

8.4 

1.0 

2.0 

3.0 

3.5 

100.0 

4.5 

0.0 

100.0 

c.  P.  light  magnesium  carbonate  ignited 

0.0 

54.5 

at  900°  C.  and  then  activated 

0.3 

31.7 

0.5 

0.7 

1.0 

2.0 

19.5 

14.1 

10.9 

0.0 

100.0 

Activated 

2.0 

11.5 

2.5 

2.7 

4.0 

0.0 

99.0 

3.0 

0.0 

95.2 

Activated 

0.0 

87.2 

100.0 

2.0 

7.7 

2.25 

0.0 

90.2 

2.50 

0.0 

73.9 

Activated 

0.0 

94.8 

1.0 

1.25 

25.8 

11.0 

99.5 

1.50 

0.0 

97.3 

Magnesium  hydroxide,  MgO.HsO,  ^  _ 

activated 

0.50 

u.u 

IUU.U 

Magnesium  hydroxide,  Mg0.2H20,  _  _  _ _ 

activated 

U.  50 

1  .u 

IUU.U 

The  magnesium  oxide  used 

in  previous  work  ( 1 )  for  pre- 

paring  suitable  activated  magnesia  had  been  stored  for  several 
months  in  a  cardboard  container,  and  contained  16  per  cent 


of  magnesium  carbonate  compared  with  about  5  per  cent  for 
newly  purchased  magnesium  oxides.  It  was  thought  possible 
that  carbon  dioxide  had  combined  with  that  portion  of  the 
magnesia  which  adsorbed  carotene  and  rendered  it  inactive. 
Accordingly,  the  effect  of  carbon  dioxide  was  tested.  Samples 
were  placed  in  a  vacuum  desiccator  fitted  with  a  separatory 
funnel  and  10  cc.  of  1  to  4  sulfuric  acid  were  run  into  2  grams 
of  sodium  carbonate  contained  in  a  small  bottle,  after  the 
desiccator  had  been  partly  evacuated.  When  the  reaction 
had  gone  to  completion,  the  vacuum  that  remained  was 
broken.  After  the  samples  remained  in  contact 
with  the  carbon  dioxide  for  one  week,  they  were 


of  the  carotene  after  storage  for  one  week.  The  changes 
in  the  adsorptive  powers  for  carotene  on  storage  were  also 
tested  with  other  preparations.  Unactivated  and  activated 
samples  of  magnesium  oxide  which  had  been  previously 
heated  at  900°  C.  for  2  hours  in  the  muffle  furnace  were 
placed  in  stoppered  bottles  and  the  adsorption  of  carotene 
was  determined  at  several  intervals  (Table  IV).  Storage 
decreased  the  adsorptive  power  of  some  of  the  22  samples  and 
increased  that  of  others.  The  effect  of  storage  was  irregular; 
one  week  the  adsorption  of  carotene  was  higher  than  the 
previous  week,  the  next  week  lower,  and  the  next  week  higher 
or  perhaps  lower.  One  activated  sample  which  adsorbed  none 
of  the  carotene  when  freshly  prepared  adsorbed  23  per  cent 
after  one  week,  45  per  cent  after  2  weeks,  and  71  per  cent 
after  4  weeks.  Another  sample  adsorbed  13  per  cent  of  the 
carotene  when  fresh,  45  per  cent  after  1  week,  and  none  after 
2  and  4  weeks. 


Table  III.  Carotene  Adsorbed  by  Magnesia  Exposed  to 
Air  Two  Weeks  and  Then  Activated 


Adsorptive  powdered  magnesia 
Plastic  magnesia 
Quick  magnesia 
Reagent  magnesia 
U.  S.  P.  light  magnesia 
U.  S.  P.  heavy  magnesia 
U.  S.  P.  light  magnesia 
Micron  magnesium  oxide 
U.  S.  P.  light  magnesium  oxide 


Carotene  Adsorbed 
After 

Freshly 

storage 

prepared 

1  week 

% 

% 

0.0 

10.7 

0.0 

22.9 

0.5 

3.4 

0.0 

10.7 

0.0 

38.1 

0.0 

2.4 

0.0 

,  . 

2.4 

5.4 

The  magnesia  preparations  which  when  fresh  do  not  adsorb 
carotene  and  are  suitable  for  use  in  this  method,  may  adsorb 
carotene  after  a  week  or  less  and  so  become  unsuitable  for 
use.  This  is  undesirable  and  makes  it  necessary  to  test  all 
preparations  before  they  are  used. 

Some  preliminary  studies  with  other  adsorbents,  activated 
and  unactivated,  included  calcium  carbonate,  hydrated  lime, 
barium  carbonate,  barium  hydroxide,  calcium  oxide,  dibasic 
calcium  phosphate,  tribasic  calcium  phosphate,  calcium  sul¬ 
fate,  charcoal,  iron  hydroxide,  fuller’s  earth,  aluminum  oxide, 
and  magnesium  carbonate.  These  tests  indicated  that  mag¬ 
nesium  carbonate  might  be  the  desired  adsorbent.  A  num¬ 
ber  of  samples  of  magnesium  carbonate  were  therefore  tested, 
with  the  results  given  in  Table  V.  Three  of  the  seven  samples 
as  received  did  not  adsorb  carotene  but  adsorbed  xanthophyll 
and  therefore  were  suitable  for  use  without  treatment.  The 


activated  in  the  usual  way.  The  treatment 
with  carbon  dioxide  decreased  the  quantity  of 
carotene  adsorbed,  and  one  sample  did  not  adsorb 
carotene  and  was  suitable  for  use.  The  other 
two  adsorbed  4.1  and  7.7  per  cent  of  the  carotene, 
respectively,  and  the  addition  of  10  per  cent  of 
water  reduced  the  adsorption  of  carotene  to 
zero  and  rendered  the  samples  suitable  for  use. 

Since  activated  magnesia  suitable  for  selective 
adsorption  could  be  prepared  by  treatment  with 
carbon  dioxide  and  water,  magnesia  was  exposed 
to  the  air  in  layers  1.25  to  2.5  cm.  (0.5  to  1  inch) 
thick  and  activated  with  the  results  given  in 
Table  III.  Six  of  the  nine  magnesias,  after  hav¬ 
ing  been  exposed  to  the  air  2  weeks  and  activated, 
did  not  adsorb  carotene  and  were  suitable  for  use. 
The  other  three  had  a  low  adsorptive  power,  and 
could  be  made  suitable  for  use  by  mixing  10  per 
cent  of  water  with  them. 

It  is  also  shown  in  Table  III,  that  while  the 
freshly  prepared  reagents  might  not  adsorb 
carotene,  they  adsorbed  2.4  to  38.1  per  cent 


Table  IV.  Effect  of  Time  of  Storage  upon  Magnesium 
Oxides  Heated  at  900°  C. 


Kind  of  Magnesia 


U.  S.  P.  special  light  powder  magne¬ 
sium  oxide 
After  activation 
U.  S.  P.  light  magnesium  oxide 
After  activation 

U.  S.  P.  light  powder  magnesium 
oxide 

After  activation 
Adsorptive  powdered  magnesia 
After  activation 

Adsorptive  powdered  magnesium 
oxide 

After  aotivation 
Plastic  magnesia 
After  activation 
Plastic  magnesia 
After  activation 

U.  S.  P.  heavy  magnesium  oxide 
After  activation 
Granular  magnesium  hydroxide 
After  activation 

Reagent  magnesium  oxide  90%  pure 
After  activation 

Reagent  magnesium  oxide  99%  pure 
After  activation 


Carotene  Adsorbed- 


Before 

After 

After 

After 

After 

After 

storage 

1  week 

2  weeks 

3  weeks 

4  weeks 

5  weeks 

% 

% 

% 

% 

% 

% 

95.8 

80.5 

64.0 

70.5 

77.8 

71.7 

82.6 

67.5 

89.3 

59.5 

97.9 

66.7 

51.5 

,  , 

58.3 

75.2 

93.8 

89.7 

68.0 

•• 

74.8 

65.4 

93.4 

50.0 

78.6 

57.0 

99.5 

67.5 

70.1 

66.0 

34.8 

50.8 

2R5 

71.2 

19 ' 2 

0.0 

22.5 

45.0 

70.5 

19.2 

12.8 

44.8 

0.0 

0.0 

1.2 

33.2 

38.5 

46.5 

42 9 

41.0 

68.4 

49.0 

70.6 

46.4 

10.3 

68.4 

44.1 

56.2 

60.6 

29.2 

28.9 

19.8 

19.8 

11.8 

70.2 

45.5 

40.1 

62 '.  2 

43.5 

48.7 

32.0 

57.2 

32.6 

41.0 

71.9 

25.0 

43.9 

53.4 

66.2 

22.5 

6o!o 

22.5 

74.9 

34.0 

62.6 

25.0 

55.4 

, . 

34.3 

14.4 

68.2 

40.6 

53.5 

12.4 

56.0 
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other  four  samples  adsorbed  small  amounts  of  carotene  as 
received,  did  not  adsorb  carotene  after  activating  or  after 
10  per  cent  of  water  was  mixed  in,  and  adsorbed  xanthophyll, 
and  so  were  suitable  for  use.  Two  of  the  samples  which  did 
not  adsorb  carotene  had  their  adsorptive  powers  so  lowered 
by  activation  that  they  did  not  adsorb  all  the  xanthophyll, 
so  the  activated  preparations  were  unsuitable  for  use. 

Table  V.  Effect  of  Time  of  Storage  upon  Adsorption 
Power  of  Magnesium  Carbonate 


Method  of  Preparation 


U.  S.  P.  heavy  powder 

0.5  ce.  H2O  added  to  5  grams 
Activated 

c.  P.  powder 

0.5  cc.  H2O  added  to  5  grams 
Activated 

Reagent,  low  in  sulfate 
Activated 

Reagent 

Activated 

U.  S.  P.  heavy  powder 

U.  S.  P.  light  powder 

0.5  cc.  H2O  added  to  5  grams 
Activated 

U.  S.  P.  powder 

0.5  cc.  H2O  added  to  5  grams 
Activated 


- - Carotene  Adsorbed- — - 


Original 

Stored 

Stored 

Xanthophyll 

analysis 

1  week 

2  weeks 

Adsorbed 

% 

% 

% 

% 

2.4 

0.0 

6.’6 

6.'6 

ioo'o 

0.0 

0.0 

0.0 

100.0 

3.4 

0.0 

o!o 

6.'6 

io6!o 

0.0 

0.0 

0.0 

100.0 

0.0 

0.5 

0.5 

99.5 

0.0 

94.5 

0.0 

0.0 

0.0 

100.0 

0.0 

94.2 

0.0 

0.5 

0.0 

100.0 

1.9 

0.0 

o!o 

o'o 

99 !  5 

0.0 

0.0 

0.0 

99.5 

7.2 

0.0 

6. '6 

6.'6 

io6!o 

0.0 

0.0 

0.0 

99.5 

Further  experiments  with  magnesium  carbonates  indicate 
that  they  are  more  stable  than  preparations  from  magnesium 
oxide,  and  do  not  acquire  the  power  of  adsorbing  carotene 
so  quickly.  One  sample  did  not  adsorb  any  carotene  after 
5  weeks  of  storage  after  activation,  and,  as  shown  in  Table 
V,  other  samples  are  likewise  stable.  Magnesium  carbonate  at 
present  seems  to  be  the  best  reagent  for  purifying  carotene 
solutions. 

In  any  of  the  methods  outlined  above  for  preparing  suitably 
selective  magnesia,  the  magnesia  obtained  must  be  able  to 
adsorb  large  amounts  of  the  xanthophyll  and  no  carotene. 
The  question  then  arises  as  to  whether  or  not  such  prepara¬ 
tions  will  adsorb  other  carotinoids  which  are  not  so  readily 
adsorbed  as  xanthophyll  but  which  may  still  contaminate 
carotene  solutions.  The  activated  magnesia  which  was 
found  to  be  suitable  in  previous  work  ( 1 )  and  one  of  the 
samples  heated  at  900°  C.  for  2  hours  were  shaken  with  a 
petroleum  ether  extract  of  red  tomatoes.  Both  samples 
adsorbed  86  per  cent  of  the  pigment  present.  Tomatoes  are 
high  in  lycopene  and  since  lycopene  has  only  a  slightly  higher 
adsorbability  than  carotene,  these  two  samples  of  activated 
magnesia  proved  to  be  highly  selective. 

Discussion 

Many  samples  of  activated  magnesia  adsorb  carotene. 
There  is  a  possibility  that  the  portion  of  the  magnesia  which 
adsorbs  carotene  may  be  only  a  small  part  of  the  whole. 
Adsorption  of  gases  by  magnesia  ( 5 )  is  known  to  take  place, 
and  it  is  possible  that  the  adsorption  of  carotene  is  partly  due 
to  the  presence  of  adsorbed  oxygen.  The  carotene  may  be 
partly  oxidized  by  the  adsorbed  oxygen  and  changed  to  such 
a  form  that  it  can  be  adsorbed.  This  theory  is  supported  by 
the  work  of  Gillam  et  al.  (2)  who  claim  that  changes  take 
place  in  the  chemical  structure  of  carotene  when  solutions 
of  carotene  are  run  through  columns  of  aluminum  oxide. 
Holmes  et  al.  (3)  have  shown  also  that  various  materials 
which  absorb  vitamin  A  may  change  its  chemical  composi¬ 
tion. 

The  action  of  carbon  dioxide  and  water  in  reducing  the 
adsorption  of  carotene  may  be  due  to  displacement  of  oxygen 
or  to  inactivation  of  that  portion  of  the  magnesia  which 
adsorbs  carotene.  Treatment  with  carbon  dioxide  is  more 


successful  when  magnesium  oxide  is  used  than  when  mag¬ 
nesium  hydroxide  is  used.  This  may  be  explained  by  the 
theory  that  the  particles  of  active  magnesium  oxide  which 
adsorb  carotene  combine  with  carbon  dioxide  more  readily 
than  the  remaining  magnesium  oxide  and  so  are  inactivated, 
but  when  the  oxide  has  been  converted  to  the  hydroxide,  the 
difference  in  power  of  the  active  particles  and  the  other 
particles  to  adsorb  carbon  dioxide  is  not  sufficient  to  neutral¬ 
ize  the  adsorptive  power  for  carotene.  Why  different  samples 
of  magnesium  oxide  should  behave  differently  in  the  adsorp¬ 
tion  of  carotene  is  a  subject  which  offers  opportunity  for  fur¬ 
ther  study,  and  indicates  a  need  for  investigation  of  the 
adsorptive  power  of  other  materials  used  in  chromatographic 
adsorption  work. 

Summary 

The  adsorptive  powers  of  magnesium  preparations  were 
studied  in  order  to  secure  preparations  which  adsorb  xantho¬ 
phyll  and  do  not  adsorb  carotene  and  could  be  used  in  the 
purification  of  solutions  of  carotene  in  petroleum  ether. 
Nineteen  samples  of  magnesia  from  various  sources  were 
tested  as  received  and  after  activation  by  heating  with  an 
equal  volume  of  water  for  30  minutes  on  a  steam  bath.  All 
adsorbed  carotene  and  therefore  could  not  be  used  for  puri¬ 
fying  carotene  solutions.  Activated  magnesia  heated  in  a 
muffle  furnace  at  400°  C.  and  activated  adsorbed  76  per  cent 
of  the  carotene,  25  per  cent  when  the  temperature  was  750°, 
and  0.5  when  the  temperature  was  900°.  When  fourteen 
other  samples  were  heated  to  900°  C.  and  activated,  seven 
had  adsorptive  powers  for  carotene  lower  than  before  heating, 
two  had  about  the  same,  and  five  had  higher  adsorptive 
powers.  The  adsorptive  powers  of  the  magnesias  for  carotene 
were  lowered  as  they  were  mixed  with  increasing  amounts  of 
water,  until  they  became  zero  for  the  samples  tested.  Ex¬ 
posing  magnesia  to  carbon  dioxide,  or  to  the  air,  lowered  the 
adsorptive  power  of  the  activated  magnesia  for  carotene. 
All  samples  of  activated  magnesia  which  did  not  adsorb 
carotene  when  freshly  prepared,  adsorbed  some  carotene 
after  a  week  or  less  and  thus  became  unsuitable  for  use  in  the 
purification  of  carotene.  Some  samples  of  magnesium  carbon¬ 
ate  did  not  absorb  carotene  when  purchased,  while  others 
required  activation  or  additions  of  water.  Activated  mag¬ 
nesium  carbonate  appears  to  be  more  stable  than  the  prepara¬ 
tions  from  magnesium  oxide. 

Reagents  suitable  for  the  purification  of  carotene  in  the 
method  of  selective  adsorption  can  be  prepared  as  follows: 
(1)  with  a  few  samples  of  magnesium  oxide  or  hydroxide  by 
mixing  in  suitable  amounts  of  water ;  (2)  activating  and  mix¬ 
ing  in  suitable  amounts  of  water;  (3)  exposure  of  magnesium 
oxide  to  the  air,  activating  and  mixing  water  in,  if  necessary; 
(4)  magnesium  carbonate  either  as  received  or  after  activa¬ 
tion,  or  with  addition  of  a  small  amount  of  water.  The 
adsorptive  power  of  the  reagent  for  carotene  and  for  xantho¬ 
phyll  should  be  measured  before  it  is  used. 
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Dynamic  Fatigue  Life  of  Rubber 

S.  M.  CADWELL,  R.  A.  MERRILL,  C.  M.  SLOMAN,  AND  F.  L.  YOST 
United  States  Rubber  Company,  Detroit,  Mich. 


Dynamic  fatigue  is  the  gradual  deterioration  and 
rupture  of  a  rubber  member  due  to  mechanical  vi¬ 
brations  imposed  on  it.  The  number  of  repeated 
mechanical  vibrations  required  to  rupture  the  rub¬ 
ber  member  is  referred  to  here  as  the  dynamic 
fatigue  life  of  the  member  for  that  particular  con¬ 
dition  of  vibration.  Mention  has  been  made  in 
the  literature  (1-5)  that  the  dynamic  fatigue  life  of 
rubber  in  extension  is  less  when  the  minimum  of 
the  oscillation  cycle  falls  near  zero  strain;  but 
heretofore  no  complete  study  has  been  published. 
The  fatigue  lives  of  rubber  as  a  function  of  the  os¬ 
cillation  stroke  are  examined  for  minimum  dis¬ 
tortions  varying  from  high  compressions  through 
all  possible  elongations. 


The  general  dynamic  fatigue  characteristics  of 
rubber  in  linear  vibration  in  a  dark,  dry  enclosure 
are  (Lmin.  =  minimum  length  during  the  vibra¬ 
tion;  Lo  =  free  unstrained  length):  (1)  For  a 
given  oscillation  stroke  the  dynamic  fatigue  life  is 
a  minimum  when  Lmin.  =  Lo;  (2)  for  a  constant 
value  of  Lmin.  the  dynamic  fatigue  life  decreases  as 
the  oscillation  stroke  increases;  (3)  for  given  strain 
limits  of  oscillation  the  dynamic  fatigue  life  is 
usually  lower  the  harder  the  stock;  (4)  the  dynamic 
fatigue  life  depends  to  a  large  degree  on  the  rubber 
temperature. 

The  dynamic  fatigue  life  of  rubber  worked  in 
shear  can  be  related  to  the  dynamic  fatigue  life  of 
rubber  vibrated  through  linear  strains. 


IF  A  rubber  member  is  continuously  vibrated  it  will  sooner 
or  later  crack  and  ultimately  rupture,  owing  to  the  re¬ 
peated  oscillations  to  which  it  has  been  subjected.  The 
gradual  deterioration  of  physical  and  chemical  properties 
which  accompanies  such  vibration  is  called  dynamic  fatigue. 
The  number  of  such  repeated  vibrations  required  to  rupture 
the  rubber  member  is  here  defined  as  the  dynamic  fatigue 
fife  of  the  member  for  the  particular  condition  of  vibration 
imposed.  The  authors  wish  to  outline  briefly  the  general 
nature  of  the  results  they  have  obtained  in  their  studies  on 
the  dynamic  fatigue  fife  of  rubber  and,  in  particular,  to  show 
the  critical  dependence  of  the  fife  on  the  imposed  oscillation 
conditions. 

The  dynamic  fatigue  fife  of  rubber  which  is  being  vibrated 
linearly— that  is,  back  and  forth  along  its  own  length— be¬ 


tween  constant  strain  limits  will  be  discussed  first.  Figures 
1  to  3  facilitate  a  general  statement  of  the  problem  and  also 
serve  to  define  certain  oscillation  limits  which  are  of  funda¬ 
mental  importance  with  reference  to  the  dynamic  fatigue  fife. 
The  sketches  are  conventionalized  for  the  sake  of  simplicity. 

In  Figure  1,  a  is  a  side  view  of  a  cylindrical  body  of  rubber 
bonded  between  two  circular  metal  end  plates.  In  b  this  rubber 
member  has  been  placed  between  two  heads  of  a  test  machine; 
the  position  of  the  stationary  head  is  adjustable;  the  other  head 
oscillates  back  and  forth  in  a  direction  parallel  to  the  axis  of  the 
rubber  sample,  b,  c,  and  d  show  various  possible  test  conditions 
resulting  from  variation  of  the  position  of  the  adjustable  head. 
Besides  the  alteration  of  the  adjustable  head  (which  does  not 
change  the  oscillation  stroke)  the  stroke  itself  can  be  changed  by 
varying  the  position  of  the  eccentric  connection  on  the  rotating 
wheel. 

In  Figure  2,  a  again  represents  the  rubber  sample.  Its  free 
unstrained  length  is  referred  to  as  Lo.  b  and  c  show  the  two  ex¬ 
tremes  in  length  assumed  by  the  rubber  member  for  a  particular 
oscillation  condition.  The  minimum  length,  -which  is  the  condi¬ 
tion  in  b,  is  referred  to  as  Lmin..  The  maximum  length  of  the 
sample  in  the  oscillation,  as  illustrated  in  c,  is  referred  to  as  Lmax. 
The  difference  between  Lmax.  and  Lmin.  is  the  oscillation  stroke, 


Figure  2.  Rubber  Sample  in  Idealized  Test  Machine 


(100)  =  %  oscillation  stroke 
Lo 

Lm'nL~  L°  (10°)  =  %  minimum  strain  {  t  compression 


Figure  1.  Rubber  Sample  in  Idealized  Test  Machine 
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A L.  The  actual  fatigue  machines  used  in  the  authors’  experi¬ 
mental  testing  are  designed  so  that  A L  and  Lmin.  can  be  varied 
independently. 

In  the  following  discussion  “per  cent  oscillation  stroke” 
and  “per  cent  minimum  strain”  are  mentioned.  In  order  to 
comprehend  the  significance  of  the  fatigue  data  it  is  neces¬ 
sary  that  these  variables  be  clearly  understood,  for  in  the  final 
analysis  they  do  determine  the  fatigue  life  of  a  sample. 

%  minimum  strain  =  ^miD~ - —  X  100 

■L/o 

%  oscillation  stroke  =  Lmax'  7  Lmi°-  X  100  =  -^  X  100 

Ijo  Ijo 

These  definitions  involve  three  specific  lengths  of  the  sample 
(La,  Lmax.,  and  Lm, n.)  and  are  merely  certain  deformations 
expressed  as  percentages  of  the  free  unstrained  length  of  the 
rubber. 

Four  different  types  of  oscillation  conditions  for  a  constant 
oscillation  stroke,  A L,  are  illustrated  in  Figure  3.  (a  shows  a 
compression  vibration  cycle  in  which  the  maximum  length  in 
the  imposed  vibration  is  less  than  the  free  unstrained  length  of 
the  sample,  b  shows  a  compression-extension  vibration  cycle  in 
which  Lmin.  is  less  than  L0  and  Lmax.  is  greater  than  L0.  c  shows 
an  oscillation  condition  in  which  Lmin.  is  equal  to  L0  and  Lmax.  is 
greater  than  L0.  d  shows  an  extension  oscillation  cycle  in  which 

The  two  funda¬ 
mental  problems 
that  have  been  in¬ 
vestigated  quanti¬ 
tatively  are:  (1) 
If  A L  is  kept  con¬ 
stant,  how  does 
the  fatigue  life  of 
a  rubber  unit  de¬ 
pend  on  Lmin.,  for 
any  value  of  Lmin. 
ranging  from  high 
compression  to 
any  possible  exten¬ 
sion?  (2)  If  Lmin. 
is  kept  constant, 
how  does  the 
dynamic  fatigue 
life  of  a  rubber 
unit  depend  on 
the  magnitude  of 
A  L? 

Linear  Dynamic  Fatigue  Test  Samples 

Figure  4  is  a  photograph  of  different  types  of  rubber  samples 
used  by  the  authors  in  dynamic  fatigue  studies  of  rubber.  They 
are  cylindrical  dumbbells  of  rubber  bonded  to  metal  bolt  ends, 
shown  at  A  and  B.  The  effective  rubber  lengths  varied  from  2 
inches  (sample  1)  to  0.125  inch  (sample  13),  and  the  ratios  of 
diameter  to  length  varied  from  1/16  to  8. 


both  Lmin,  and  Lmax,  are  greater  than  L0. 


Figure  3.  Types  of  Oscillation 
Conditions  for  Constant  Oscilla¬ 
tion  Stroke  A L 


Machines  for  Testing  Dynamic  Fatigue  Life  of 

Rubber 

Figure  5  (upper)  shows  rubber  samples,  R,  mounted  in  a  slow- 
speed  fatigue  machine  designed  by  the  United  States  Rubber 
Company.  The  bottom  bars,  B,  are  held  fixed  and  the  top  bars, 
T,  are  vibrated  up  and  down.  The  rubber  samples  fastened  be¬ 
tween  the  two  bars  are  vibrated  through  constant  oscillation 
strokes  which  can  have  any  value  up  to  3.5  inches.  The  minimum 
length  of  the  sample  in  the  vibration  cycle  can  be  varied  either 
by  adjustment  of  the  separation  between  the  bars  or  by  variation 
of  the  point  at  which  the  bolt  ends  are  attached  to  the  bars.  Both 
methods  are  clearly  visible  in  the  figure.  The  vibration  fre¬ 
quency  is  180  cycles  per  minute. 

Figure  5  (lower)  shows  rubber  samples,  R,  mounted  in  a  high- 
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Figure  4.  Types  of  Rubber  Samples  Used  in  Linear 
Dynamic  Fatigue  Tests 


speed  dynamic  fatigue  machine  also  designed  by  the  United 
States  Rubber  Company.  The  two  outer  circular  heads,  O,  are 
held  fixed  and  the  two  inner  circular  heads,  I,  so-called  “wobble 
plates”,  are  mounted  on  a  shaft  arranged  to  give  a  nutational  mo¬ 
tion  to  the  heads,  which  in  turn  vibrate  all  the  rubber  samples 
back  and  forth  along  their  own  lengths.  The  minimum  length 
of  the  sample  in  its  vibration  cycle  can  be  varied  by  alteration 
of  the  separation  of  the  plates,  by  the  screw  adjustment  shown, 
or  by  variation  of  the  point  at  which  the  bolt  ends  are  attached 
to  the  plates.  The  machine  is  adjusted  for  a  0.5-inch  stroke  and 
vibrates  at  3600  cycles  per  minute. 

Figure  6  shows  a  DeMattia  fatigue  machine  with  rubber  sam¬ 
ples,  R,  being  vibrated  between  a  stationary  head,  S,  and  an 
eccentric  driven  head,  C;  this  fatigue  machine  has  a  frequency 
of  vibration  of  660  cycles  per  minute;  its  stroke  can  have  any 
value  up  to  2  inches.  The  fatigue  machine  on  the  right  is  another 
high-speed  dynamic  fatigue  machine  similar  to  the  high-speed 
machine  shown  in  Figure  5  (lower)  but  with  a  0.25-inch  stroke. 


General  Nature  of  Linear  Dynamic  Fatigue  Life 

Curve 

The  general  nature  of  the  dynamic  fatigue  life  curve  for 
small  oscillation  strokes,  say  of  the  order  of  25  per  cent,  is 
illustrated  in  Figure  7.  The  per  cent  linear  strain  at  the 
minimum  length  in  the  oscillation  is  plotted  as  abscissa.  The 
number  of  cycles  of  vibration  necessary  to  completely  rupture 
the  rubber — that  is,  its  dynamic  fatigue  life — is  plotted  in 
arbitrary  units  as  ordinate.  The  important  feature  of  the 
dynamic  fatigue  life  curve  is  that  the  rubber  under  linear 
vibrations  exhibits  a  minimum  dynamic  fatigue  life  in  the 
region  where  Lmin.  =  L0 — that  is,  where  the  return  stroke 
brings  the  sample  back  to  a  condition  of  zero  strain.  This 
minimum  life  is  bounded  both  in  compression  and  extension 
by  regions  of  greater  fatigue  life.  The  general  nature  of  the 
curve,  a  minimum  bounded  on  two  sides  by  maxima,  remains 
the  same  whether  the  dynamic  fatigue  fife  is  plotted  as  the 
number  of  cycles  to  break  the  rubber  completely  into  two 
parts  or  is  plotted  as  the  number  of  cycles  to  produce  a  visible 
crack  in  the  rubber. 

Mention  has  been  made  in  published  articles  (1-5)  that  the 
mechanical  fatigue  resistance  of  rubber  is  less  in  extension 
when  the  minimum  of  the  oscillation  falls  near  zero  strain. 
However,  no  complete  study,  as  given  in  the  present  paper, 
has  been  published  in  which  the  fatigue  lives  of  rubber  have 
been  investigated  throughout  the  compression-extension  re¬ 
gion  as  a  function  of  the  strain  or  stress  limits. 
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Linear  Dynamic  Fatigue  Life  Curves  for  a  50 
Durometer  Stock 

Figure  8  is  a  plot  of  experimental  results  obtained  on  a  rub¬ 
ber  stock  which  has  a  reading  of  50  on  a  type  A  Shore  du¬ 
rometer.  The  data  are  for  rubber  worked  indoors  in  artificial 
lighting  and  in  the  absence  of  oil,  grease,  or  other  deteriorat¬ 
ing  chemical  agents.  The  per  cent  linear  strain  at  minimum 
length  in  the  oscillation  is  plotted  as  abscissa.  The  dynamic 
fatigue  life  in  terms  of  the  number  of  cycles  for  complete 
rupture  is  plotted  as  ordinate  on  a  logarithmic  scale.  On  a 


linear  scale  the  difference  in  height  between  each  maximum 
and  its  corresponding  minimum  would  be  greatly  enhanced. 
For  the  25  per  cent  oscillation,  for  example,  the  fatigue  life 
at  the  minimum  is  about  6,000,000  cycles,  while  at  the  maxi¬ 
mum  in  the  extension  region  it  is  over  600,000,000  cycles  or 
more  than  100  times  as  great.  The  graph  shows  results  for  a 
series  of  different  constant  oscillation  strokes  varying  from 
25  to  350  per  cent.  Each  experimental  point  represents 
numerical  averages  of  from  1  to  20  sample  breaks.  The  graph 
itself  contains  results  on  450  samples  of  the  50  Shore  du¬ 
rometer  stock. 
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For  small  oscillation  strokes,  such  as  25  or  50 
per  cent,  there  are  two  maximum  fatigue  regions, 
one  in  extension  and  the  other  in  compression. 

For  large  oscillations — for  example,  300  per 
cent— there  is  no  definite  compression  maximum. 

For  a  given  minimum  strain  length,  the  larger 
the  oscillation  stroke,  A L,  the  lower  the  dy¬ 
namic  fatigue  life  of  the  rubber. 

The  fatigue  life  hump  in  the  extension  region 
shifts  towards  the  origin  as  the  oscillation  stroke 
is  increased. 

This  last  point  is  partly  due  to  choice  of 
variables,  since  for  a  given  stock  the  per  cent 
elongation  at  break  is  a  fairly  definite  quantity 
and  as  the  oscillation  stroke  increases  the 
Lu un.  for  which  there  will  be  a  break  in  the 
first  cycle  decreases.  No  corrections  have 
been  made  in  this  graph  for  rubber  tempera¬ 
ture  variations  resulting  from  fatiguing  at 
different  frequencies  or  from  fatiguing  sam¬ 
ples  of  different  sizes  or  shapes.  However, 
when  such  corrections  are  made  to,  say,  a 
rubber  temperature  of  100°  F.,  the  general 
nature  of  the  curves  remains  the  same. 

All  rubber  stocks  considered  (which  include 
stocks  of  hardnesses  varying  from  30  to  80 
Shore  durometer,  type  A)  have  similar  fatigue 
life  curves  for  constant  strain  conditions  of 
oscillation.  In  general,  for  the  same  strain 
conditions  of  oscillation  a  harder  rubber  stock 
will  have  a  lower  fatigue  life  than  a  softer 
stock. 

The  compound  formula  for  the  50  durometer 
stock  whose  experimental  dynamic  fatigue  life 
curves  are  given  in  Figure  8  is  the  following: 

Rubber 
Carbon  black 
Zinc  oxide 
Stearic  acid 
Pine  tar 
Antioxidant 
Retarder 
Accelerator 
Sulfur 

Effect  of  Temperature  on  Dynamic 
Fatigue  Life 

Figure  9  shows  how  the  temperature  of 
the  rubber  during  oscillation  affects  its 
fatigue  life.  The  graph  is  a  composite  one 
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*  Figure  5 

(Upper)  Rubber  Samples  Mounted  in  Slow- 
Speed  Fatigue  Machine 

(Center)  Rubber  Samples  Mounted  in  High- 
Speed  Constant-Load  Fatigue  Machine 

(Lower)  Rubber  Samples  Mounted  in  High- 
Speed  Dynamic  Fatigue  Machine 
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Figure  6 

(Left)  DeMat- 
tia  Fatigue 
Machine  with 
Rubber  Sam¬ 
ples 

(Right)  High- 
Speed  Dynamic 
Fatigue  Ma¬ 
chine,  0.25- 
Inch  Stroke 


The  distinction  between  this  type 
of  fatigue  testing  and  the  constant- 
strain  fatigue  testing  is  that  in  this 
case  the  rubber  samples  are  allowed 
to  drift,  or  extend  in  length  with 
time,  as  they  are  being  dynamically 
fatigued.  However,  the  general 
nature  of  the  fatigue  life  curves 
obtained  under  dead  loading  is 
similar  to  the  fatigue  life  curves  for 
constant  strain  oscillation;  and  the 
dynamic  fatigue  life  under  “con¬ 
stant  load”  fatigue  conditions  can 
be  calculated  from  data  obtained  on 
constant-strain  fatigue  if  changes  in 
length  accompanying  dynamic  drift 
are  taken  into  account. 

Dynamic  Fatigue  Life  of 
Rubber  Vibrated  in  Shear 

Until  now  we  have  considered 


plotted  to  cover  most  of  the  rubber  stocks  with  which 
the  authors  worked.  The  ratio  of  fatigue  life  at  a  given 
temperature  to  that  at  100°  F.  is  plotted  as  ordinate  along  a 
logarithmic  scale.  The  temperature  of  the  rubber  is  plotted 
as  abscissa.  The  ordinate  of  the  graph,  in  other  words,  gives 
the  factor  by  which  the  fatigue  life  of  rubber  vibrating  at  a 
rubber  temperature  of  100°  F.  must  be  multiplied  in  order  to 
give  the  fatigue  life  which  would  result  for  rubber  vibrating 
under  the  same  oscillation  conditions  but  at  the  rubber  tem¬ 
peratures  given  along  the  abscissa. 

The  temperature  of  the  rubber  under  the  imposed  vibra¬ 
tion  has  a  pronounced  effect  on  its  fatigue  life.  Consider 
a  sample  vibrating  under  certain  oscillation  conditions  and 
at  a  rubber  temperature  of  100°  F.  It  will  have  a  given 
fatigue  life  corresponding  to  the  ratio  =1.  If  an  iden¬ 
tical  sample  is  vibrating  under  the  same  oscillation  condi¬ 
tions  but  at  a  much  higher  rubber  temperature,  its  fatigue 
life  will  be  less  because  its  deterioration  results  from  several 
causes.  There  is  first  the  effect  which  would  result  from 
merely  the  vibration  at  100°  F.  Then  there  is  the  deteriora¬ 
tion  due  to  heat  aging  which  would  result  from  keeping  the 
sample  at  this  high  temperature  without  vibration.  The  total 
deterioration  in  all  probability  is  not  the  sum  of  these  two 
parts.  For  example,  there  may  be  an  interaction  between 
temperature  and  oscillation  which  alters  the  amount  of  de¬ 
terioration.  Since  the  relative  importance  of  these  variables 
as  well  as  their  interaction  cannot  be  given  an  evaluation 
applicable  to  all  cases  of  rubber  testing  and  compounding,  the 
ratio  for  high  temperatures  is  indicated  as  a  broad  band  in 
Figure  9.  Likewise,  in  the  low-temperature  region  a  broad 
band  is  also  plotted.  At  the  low  temperatures  the  fatigue 
life  depends,  among  other  things,  upon  the  chill  characteris¬ 
tics  of  the  rubber  stock  and  the  total  time  during  which  the 
rubber  member  is  being  fatigued  at  the  low  temperature. 

Linear  Dynamic  Fatigue  Life  under  Constant 
Load  Conditions 

Figure  5  (center)  shows  a  »high-speed  constant-load  fatigue 
machine  which  vibrates  the  rubber  samples  at  1800  cycles  per 
minute.  The  oscillation  stroke  on  this  machine  can  be  varied 
from  0.125  to  0.75  inch.  In  this  type  of  testing  the  rubber  sam¬ 
ples,  R,  are  loaded  with  dead  weights,  IF.  The  top  of  the  rubber 
sample  is  vibrated  up  and  down,  the  weights  remaining  station¬ 
ary,  owing  to  the  mismatching  of  frequencies — that  is,  the  fre¬ 
quency  of  the  imposed  vibration  is  very  much  greater  than  the 
natural  mechanical  frequencies  of  the  weights  sprung  on  the  rub¬ 
ber  samples. 


only  the  dynamic  fatigue  of  rubber 
worked  under  linear  strains.  Similar 
dynamic  fatigue  relations  have  been  found  for  rubber  vibrated 
in  shear. 


Vo  LINEAR  STRAIN  AT  MINIMUM  =  ^^>(100)^ 


Figure  7.  Dynamic  Fatigue  Life  Curve  for  Small 
Oscillation  Strokes 
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Figure  8.  Experimental  Data  on  50  Durometer  Stock 
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RUBBER  TEMPERATURE  °E 


Figure  9.  Effect  of  Temperature  on  Dynamic 
Fatigue  Life 


a 


b 


Figure  10.  Rubber  Vibrated  in  Shear 

%  minimum  shear  =  (100) 

%  maximum  shear  =  — (100) 


a  in  Figure  10  is  a  sketch  of  a  double  shear  unit  which  consists 
of  two  identical  rectangular  bodies  of  rubber  of  thickness  T 
bonded  between  two  outer  metal  plates  and  a  central  metal 
plate.  If  the  central  plate  is  displaced  a  distance  d  relative  to 
the  two  outer  plates  the  rubber  is  put  in  shear;  and  we  express 
the  magnitude  of  the  shear  deflection  either  as  the  shear  ratio 
d/T  or  as  the  shear  percentage  ( d/T )  100.  b  represents  the  two 
oscillation  extremes  of  such  a  unit  vibrated  in  shear.  The  mini¬ 
mum  deflection  in  the  shear  cycle  is  dmm.;  the  maximum, 

The  shear  cycle  is  then  specified  as  one  of  vibration  between  the 
shear  percentages  (dm\a./T)  100  and  (dmax./T)  100. 

Figure  11  illustrates  results  obtained  on  shear  samples  of  the 
50  durometer  stock  discussed  above.  The  two  outer  metal 
plates  were  held  fixed,  and  the  central  plate  was  vibrated  back 
and  forth  along  its  length  between  two  extremes  as  shown  by  the 
dotted  contours.  The  oscillation  length  was  a  50  per  cent  shear 
oscillation.  In  shear  mountings  the  rubber  may  be  placed  in 
lateral  strains  which  are  normal  to  the  center  plate.  Three  con¬ 
ditions  of  lateral  strain  are  shown  in  the  figure:  0  per  cent,  12.5 
per  cent  compression,  and  25  per  cent  extension.  The  first  row 
corresponds  to  a  —25  to  +25  per  cent  shear  cycle;  the  second 
row,  to  a  0  to  50  per  cent  shear  cycle;  and  the  third  row,  to  a  75 
to  125  per  cent  shear  cycle. 

The  striking  observation  about  these  test  data  is  that  the 
results  in  shear  fatigue  are  entirely  in  accord  with  what  would 
have  been  predicted  from  the  linear  fatigue  data. 

Consider  samples  B  and  C.  B,  vibrated  between  0  and  50  per 
cent  shear,  had  a  fatigue  life  of  1,000,000  cycles.  C,  vibrated 
between  75  and  125  per  cent  shear,  had  a  fatigue  life  of  15,000,000 
cycles.  The  shear  oscillation  cycle  for  both  samples  was  one  of 
50  per  cent.  C  had  a  much  greater  fatigue  life  than  did  B.  This 
is  due  to  the  fact  that  the  rubber  elements  in  C  were  in  strain  at 


all  times  during  the  shear  cycle,  whereas  those  in  B  went  back  to  a 
condition  of  zero  strain  once  each  cycle.  Essentially  the  elements 
in  C  were  working  up  on  the  linear  extension  fatigue  hump, 
whereas  those  in  B  were  being  vibrated  at  the  linear  fatigue  mini- 
mum. 

In  sample  A  the  shear  cycle  was  one  from  —25  to  +25  per  cent, 
a  total  shear  cycle  of  50  per  cent.  The  fatigue  life  of  A  was  seven 
times  that  of  B.  Actually  A  was  subjected  to  an  alternating  25 
per  cent  shear  cycle;  once  from  0  per  cent  shear  to  25  per  cent 
shear,  then  once  from  0  per  cent  shear  to  +25  per  cent  shear. 
The  double  25  per  cent  shear  cycles  are  essentially  two  repeated 
25  per  cent  shear  cycles.  A  shear  unit  of  this  same  50  durometer 
stock  vibrating  through  a  single  shear  cycle  of  0  to  25  per  cent 
shear  has  a  fatigue  life  of  about  14,000,000  cycles.  It  is  therefore 
consistent  that  .4 — each  of  whose  cycles  represents  two  vibrations 
from  0  to  25  per  cent— should  last  only  7,000,000  cycles. 

Sample  D  had  a  greater  life  than  A;  E  had  a  greater  life  than 
B.  The  reason  is  that  the  rubber  elements  were  being  vibrated 
essentially  with  a  minimum  strain  which  falls  in  the  compression 
region,  and  on  the  basis  of  linear  fatigue  data  D  and  E  should 
have  the  higher  fatigue  lives.  In  F,  however,  the  dynamic  fatigue 
life  was  considerably  less  than  in  C.  In  F  the  rubber  elements 
which  under  no  shear  were  under  lateral  compression  were  es¬ 
sentially  relieved  from  the  compression  by  the  extension  resulting 
from  the  higher  shear;  and  the  rubber  elements  were  being 
worked  in  a  low  dynamic  fatigue  region  near  the  zero  of  strain. 

Sample  G  had  a  higher  fatigue  life  than  A;  G  should  have  a 
higher  life  because  the  rubber  elements  were  always  under  ex¬ 
tension  strain  during  the  vibration.  Finally,  I  had  a  higher 
dynamic  fatigue  life  than  did  C.  The  rubber  elements  in  7  were 
in  higher  extension  than  in  case  C;  in  other  words,  the  shear  strain 
and  the  lateral  extension  strain  essentially  added  to  place  the 
rubber  unit  in  a  more  favorable  fatigue  region. 
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Figure  11.  Dynamic  Fatigue  Results  on  Shear  Samples 
of  50  Durometer  Stock 


Many  theories  can  be  devised  to  explain  the  way  the  dy¬ 
namic  fatigue  properties  of  rubber  vary  with  the  strain  and 
the  strain  oscillation  conditions,  but  such  theories  are  still 
conjectures. 
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Potentiometric  Determination  of  Exchangeable 
Hydrogen  in  Unsaturated  Soils 

KENNETH  A.  MAEHL,  159  South  Western  Ave.,  Saint  Paul,  Minn. 


A  SOIL  is  considered  as  being  in  a  state  of  base  unsatura¬ 
tion  when  its  colloidal  complex  contains  hydrogen  which 
can  be  replaced  by  other  base  metals.  Base  unsaturation  has 
long  been  acknowledged  by  soil  scientists.  Robinson  ( 4 ) 
states  that,  under  field  conditions,  unless  a  soil  is  in  equilib¬ 
rium  with  an  excess  of  calcium  carbonate,  the  content  of  ex¬ 
changeable  bases  may  fall  below  that  representing  saturation. 
The  total  exchange  capacity  of  an  unsaturated  soil,  to  be  cor¬ 
rect,  must  necessarily  include  the  exchangeable  hydrogen  ex¬ 
pressed  as  milligram  equivalents  in  the  same  manner  as  the 
other  exchangeable  base  metals. 

Development  of  the  Method 

In  this  method,  the  soil  is  treated  with  a  solution  of  am¬ 
monium  acetate  which  liberates  the  exchangeable  hydrogen 
as  acetic  acid.  Advantage  is  taken  of  the  behavior  that  a 
neutral  ammonium  acetate  solution  exhibits  as  acetic  acid  is 
added  to  it.  Data  were  first  obtained  to  enable  the  author 
to  observe  the  difference  in  potential  effected  by  adding  acetic 
acid  to  a  solution  of  ammonium  acetate  made  alkaline  with 
ammonium  hydroxide  at  the  outset.  The  details  and  opera¬ 
tion  of  the  glass  electrode  used  to  measure  the  electrical  po¬ 
tentials  are  given  below.  The  data  obtained  are  shown  in 
Table  I  and  Figure  1. 

Table  I.  Behavior  of  Alkaline  Ammonium  Acetate  Solu¬ 
tion  Titrated  Potentiometricallt  with  Acetic  Acid 

[Basis,  500  co.  of  ammonium  acetate  solution  (pH  adjusted  to  7.45)] 


Acetic  Acid 
Added 

E.  M.  F. 

Rise  in  E.  M.  F. 

Cumulative 
Rise  in  E.  M.  F. 

Cc. 

Volt 

Volt 

Volt 

0.00 

0 . 0264 

0 . 0000 

0.0000 

1.00 

0.0312 

0 . 0048 

0 . 0048 

2.00 

0.0365 

0.0053 

0.0101 

3.00 

0.0423 

0.0058 

0.0159 

4.00 

0.0490 

0.0067 

0.0226 

5.00 

0.0560 

0.0070 

0.0296 

6.00 

0 . 0627 

0.0067 

0.0363 

7.00 

0.0688 

0.0061 

0.0424 

8.00 

0.0740 

0.0052 

0 . 0476 

9.00 

0.0788 

0.0048 

0.0524 

VOLUME  OF  ACETIC  ACID  ADDED  -  C  C. 

Figure  1.  Behavior  of  Alkaline  Ammonium  Acetate  Solution 


Basis,  500  cc.  of  ammonium  acetate  solution,  pH  value  adjusted  to  7.45 


Curve  A,  Figure  1,  shows  the  relationship  between  the  vol¬ 
ume  of  acetic  acid  added  and  the  rise  in  potential  effected  be¬ 
fore  and  after  the  point  of  neutrality.  Curve  B  shows  the 
potential  rise  with  each  cubic  centimeter  of  acid  added.  The 
maximum  potential  rise  was  obtained  during  the  addition  of 
the  fourth,  fifth,  and  sixth  cubic  centimeters  of  acid.  The  pH 
value  of  the  solution  just  preceding  the  addition  of  acid  in  each 
case  amounted  to  7.19,  7.07,  and  6.96,  respecti .  ely.  These 
data  show  that  the  greatest  slope  with  uniform  curvature  will 
be  obtained  if  the  ammonium  acetate  solution  is  adjusted  to  a 
pH  of  7.07  at  the  outset. 

Table  II  and  Figure  2  show  the  rise  in  potential  effected 
upon  addition  of  known  quantities  of  standardized  acetic  acid 
to  ammonium  acetate  solutions  of  various  strengths.  In  each 
case  the  pH  value  of  the  ammonium  acetate  solution  was  ad¬ 
justed  to  7.07  with  ammonium  hydroxide  before  the  titration 
was  started.  A  stock  solution  of  2  A  ammonium  acetate  was 
made  up  by  weighing  out  the  salt  and  the  pH  value  was  ad¬ 
justed  to  7.07.  Measured  portions  of  this  solution  were  then 
diluted  with  distilled  water  to  obtain  the  various  strengths  de¬ 
sired.  The  pH  value  was  again  checked  and  adjusted  to  7.07 
as  before.  A  very  small  quantity  of  ammonium  hydroxide 
was  required  in  the  second  case.  The  curve  shown  in  Figure 
3  was  developed  from  a  portion  of  the  data  shown  for  a  normal 
solution  in  Table  II.  The  acetic  acid  added  is  calculated  to 
milligram  equivalents  of  exchangeable  hydrogen  present  per 
100  grams  of  soil  when  leaching  a  25-  and  50-gram  sample. 

The  data  shown  in  Table  II  and  Figure  2  present  a  very  in¬ 
teresting  study.  At  the  outset,  the  rise  in  potential  obtained 
per  cubic  centimeter  of  acid  added  varied  in  an  inverse  man¬ 
ner;  however,  as  the  titration  was  continued  the  rise  in  poten¬ 
tial  reached  the  same  value  in  all  cases.  It  is  evident  that 
solutions  weaker  than  1  N  will  give  a  larger  potential  rise  per 
milligram  equivalent  of  hydrogen  exchanged.  Although  a  1 
N  solution  was  used  by  the  author  for  all  determinations  made 
thus  far,  a  solution  weaker  than  1  N  can,  no  doubt,  be  em¬ 
ployed  to  advantage  on  sandy  soils  having  a  low  total  ex¬ 
change  capacity.  If  a  group  of  soils  con¬ 
taining  a  large  amount  of  exchangeable  hy¬ 
drogen  are  to  be  examined,  only  the  upper 
portion  of  the  curve  will  be  used.  In  this 
case  an  advantage  would  be  gained  by  ad¬ 
justing  the  initial  pH  value  of  the  ammonium 
acetate  leaching  solution  to  a  point  higher 
than  7.07  (Table  I  and  Figure  1) 

The  procedure  adopted  by  the  author  was  to 
digest  a  25-  or  50-gram  sample  of  air-dried  soil 
with  300  cc.  of  1  N  ammonium  acetate  solution 
having  a  pH  of  7.07  for  a  period  of  at  least  24 
hours.  The  solution  was  then  filtered  from  the 
soil  by  means  of  a  Buchner  funnel  and  trans¬ 
ferred  to  a  500-cc.  volumetric  flask.  During 
the  filtering  operation  the  Buchner  funnel  was 
covered  with  a  watch  glass  to  protect  the  am¬ 
monium  acetate  solution  from  the  atmosphere 
of  the  laboratory.  The  soil  on  the  filter  was 
then  washed  with  50-cc.  portions  of  the  same 
ammonium  acetate  solution  until  a  volume  of 
500  cc.  was  reached,  care  being  taken  not  to 
allow  the  washing  operation  to  proceed  too 
rapidly.  The  solution  in  the  volumetric  flask 
was  mixed  well  by  shaking  and  a  small  por¬ 
tion  used  to  obtain  a  voltage  reading  on  the 
glass  electrode.  The  milligram  equivalents 
of  exchangeable  hydrogen  present  in  the 
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Figure  2.  Rise  in  Potential  on  Addition  of  Acetic  Acid 

Titrations  made  with  N  acetic  acid  on  500-cc.  volume  of  ammonium 
acetate  solution,  pH  value  adjusted  to  7.07 


Table  II.  Behavior  of  Neutral  Solutions  of  Ammonium 
Acetate  Titrated  Potentiometricallt  with  Acetic  Acid 


[Basis, 

500  cc.  of  ammonium  acetate  solution  (pH  adjusted  to  7.07)] 

N 

Acetic 

N  Solution 

Cumulative 

0.5  N  Solution 

Cumulative 

0.1  N  Solution 

Cumulative 

Acid 

Rise  in 

rise  in 

Rise  in 

rise  in 

Rise  in 

rise  in 

Added 

e.  m.  f. 

e.  m.  f. 

e.  m.  f. 

e.  m.  f. 

e.  m.  f. 

e.  m.  f. 

Cc. 

Volt 

Volt 

Volt 

Volt 

Volt 

Volt 

0.00 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0 . 0000 

1.00 

0.0073 

0.0073 

0.0125 

0.0125 

0  0370 

0.0370 

2.00 

0.0067 

0.0140 

0.0093 

0.0218 

0.0153 

0 . 0523 

3.00 

0.0058 

0.0198 

0.0073 

0.0291 

0.0097 

0 . 0620 

4.00 

0.0046 

0 . 0244 

0.0057 

0.0348 

0.0070 

0 . 0690 

6.00 

0.0076 

0 . 0320 

0 . 0089 

0 . 0437 

0.0103 

0.0793 

8.00 

0.0060 

0.0380 

0 . 0067 

0 . 0504 

0 . 0072 

0.0865 

11.00 

0.0065 

0 . 0445 

0.0078 

0.0582 

0.0082 

0.0947 

15.00 

0 . 0072 

0.0517 

0.0073 

0 . 0655 

0 . 0080 

0.1027 

22.00 

0.0091 

0.0608 

0.0095 

0 . 0750 

0.0098 

0.1125 

30.00 

0 . 0075 

0.0683 

0.0075 

0.0825 

0.0082 

0 . 1207 

50.00 

0.0130 

0.0813 

0.0133 

0.0958 

0.0130 

0.1337 

soil  were  then  obtained  from  a  curve  similar  to  that  shown  in 
Figure  3.  Since  nothing  was  added  or  taken  away  from  the  solu¬ 
tion  being  examined,  it  could  be  returned  to  the  volumetric  flask 
for  use  in  the  determination  of  the  other  exchangeable  bases. 

If  a  25-gram  sample  of  soil  were  treated  as  described  above 
with  500  cc.  of  the  1  N  ammonium  acetate  solution  used  in 
obtaining  the  data  for  the  curves  shown  in  Figure  3,  and  the 
potential  rise  obtained  amounted  to  0.0140  volt,  the  milligram 
equivalents  of  hydrogen  exchanged  per  100  grams  of  soil 
would  be  8.0.  A  new  curve  should  be  made  for  each  batch  of 
ammonium  acetate  solution  that  is  made  up,  as  a  slight  dif¬ 
ference  in  the  inital  pH  value  affects  the  slope  of  the  curve 
obtained.  This  fact  is  clearly  brought  out  by  Table  I  and 
Figure  1.  A  variation  in  the  strength  of  the  solution  also  has 
an  effect  on  the  slope  of  the  curve,  as  is  shown  by  Table  II 
and  Figure  2. 

Discussion 

Numerous  methods  for  this  determination  have  been  sug¬ 
gested  and  published  in  recent  soil  literature.  These  meth¬ 
ods  can  be  placed  in  two  general  classes. 

1.  The  exchangeable  hydrogen  is  determined  by  differ¬ 
ence.  The  exchangeable  bases  and  hydrogen  existing  on  the 
colloidal  complex  are  removed  by  treatment  of  the  soil  with  a 


solution  containing  a  cation  capable  of  entering  the  complex 
other  than  any  present  in  an  exchangeable  state  originally. 
The  amounts  of  exchangeable  base  metals  thus  removed  are 
then  determined  quantitatively  and  expressed  as  milligram 
equivalents  per  100  grams  of  soil.  The  total  exchange  ca¬ 
pacity  is  determined  by  analyzing  the  soil  quantitatively  for 
the  amount  of  cation  placed  on  the  complex  and  this  is  also 
expressed  as  milligram  equivalents  per  100  grams  of  soil. 
The  amount  of  exchangeable  hydrogen  is  then  obtained  by 
subtracting  the  former  from  the  latter. 


MILLIGRAM  EQUIVALENTS  OF  HYDROGEN 
PER  100  GRAMS  OF  SOIL 

Figure  3 

While  methods  of  this  type  are  conducive  to  good  results 
when  followed  by  a  competent  analyst,  they  embody  some 
difficulties  and  undesirable  features.  All  the  exchangeable 
bases  must  be  quantitatively  determined  before  the  deter¬ 
mination  of  hydrogen  can  be  attempted.  The  excess  ex¬ 
change  reagent  must  be  completely  removed  from  the  soil 
without  removing  any  of  the  ions  on  the  exchange  complex 
before  the  total  exchange  capacity  can  be  determined.  Any 
errors  incurred  in  the  analytical  work  are  also  reflected  on  the 
exchangeable  hydrogen.  Included  in  the  methods  of  this 
type  are  those  of  Kelley  and  Brown  (£)  and  some  of  those  re¬ 
viewed  by  Parker  (8). 

2.  The  exchangeable  hydrogen  is  determined  directly. 
The  exchangeable  hydrogen  together  with  the  other  exchange¬ 
able  cations  is  brought  into  solution  as  before  by  treatment  of 
the  soil  with  a  solution  containing  a  suitable  cation  followed 
by  a  titration.  In  a  method  of  this  type,  the  solution  con¬ 
taining  the  exchange  reagent  must  exhibit  some  buffering 
properties  and  hence  the  titration  be  carried  out  by  means  of 
a  potentiometer  and  suitable  electrodes.  If  this  solution 
undergoes  a  marked  change  in  pH  through  the  liberation  of 
hydrogen  ions,  some  of  the  sesquioxides  present  may  be  at¬ 
tacked  and  the  determination  will  run  correspondingly  low. 
If  the  leaching  solution  contains  a  measured  amount  of  free 
base,  the  excess  of  which  is  to  be  determined  after  neutraliza¬ 
tion  of  the  liberated  hydrogen  ions,  some  of  the  secondary 
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silica  present  will  be  attacked  and  the  results  obtained  will  be 
correspondingly  high. 

Included  in  the  methods  of  this  type  are  those  of  Hissink 
( 1 )  and  Schollenberger  (5),  and  some  of  the  methods  reviewed 
by  Parker  (3).  Schollenberger  ( 5 )  advocates  treatment  of 
the  soil  with  a  neutral  1  N  solution  of  ammonium  acetate  and 
titration  of  the  acetic  acid  formed  with  standardized  am¬ 
monium  hydroxide  using  a  potentiometer  and  quinhydrone 
electrodes. 


The  method  described  herein  is  similar  to  the  latter  men¬ 
tioned  in  that  the  same  exchange  reagent  is  employed ;  how¬ 
ever,  the  potentiometric  titrations  are  carried  out  using  a 
glass  electrode  and  only  one  potentiometric  titration  is  re¬ 
quired  for  a  large  number  of  samples. 

In  Table  III  are  shown  the  results  obtained  on  the  soils  of  a 
profile  from  the  Red  River  Valley  region  in  Minnesota.  Note 
the  agreement  between  the  pH  values  and  the  per  cent  of  the 
total  exchangeable  material  which  was  found  to  be  hydrogen. 
A  25-gram  sample  of  soil  was  treated  with  a  total  of  500  cc.  of 
1  N  ammonium  acetate  solution  in  each  case. 

Description  and  Operation  of  Equipment 

This  discussion  is  limited  to  the  glass  electrode  and  poten¬ 
tiometric  equipment  used.  All  other  equipment  required  can 
be  found  in  an  ordinary  chemical  laboratory. 

Figure  4  shows  the  glass  electrode  circuit  used  to  produce  the 
electrical  potentials  in  the  various  solutions  tested.  The  poten¬ 
tials  were  measured  on  a  Leeds  &  Northrup  type  K  potentiometer 
which  was  brought  into  balance  with  the  aid  of  a  Leeds  &  North¬ 
rup  type  R  suspension  galvanometer  and  light  scale. 

The  glass  electrode  was  blown  very  thin  and  was  of  such  sensi¬ 
tivity  that  a  deflection  of  five  spaces  was  obtained  on  the  light 
scale  (stationed  at  a  distance  of  120  cm.,  4  feet,  from  the  galva¬ 
nometer)  when  the  potentiometer  was  thrown  out  of  balance  0.00 1 0 
volt.  The  glass  electrode  and  two  calomel  half-cells  were 


Table  III.  Comparison  of  Exchangeable  Hydrogen  and 

pH  Values 


Soil  Depth 

Total 

Exchange 

Capacity 

Exchange¬ 

able 

Hydrogen 

Exchange¬ 

able 

Hydrogen 

pH 

Inches 

Milligram  equivalents  per 
100  grams 

% 

0  to  3.5 

60.1 

2.9 

4.8 

6.9 

3.5  to  9 

41.3 

8.5 

20.6 

5.5 

9  to  13 

47.0 

12.7 

27.1 

4.7 

13  to  17 

47.5 

11.2 

23.6 

4.7 

17  to  21 

47.7 

10.2 

21.4 

4.8 

21  to  25 

47.3 

8.2 

17.3 

4.9 

25  to  29 

46.0 

5.0 

10.9 

5.7 

29  to  33 

45.8 

1.7 

3.7 

7.1 

33  to  37 

39.0 

0.0 

0.0 

7.9 

Table  IV.  Comparison  of  Potentiometric  Titrations  Made 
with  Calomel  Half-Cells  Subjected  to  Various  Seasoning 

Periods 

[Basis,  500  cc.  of  N  ammonium  acetate  solution  (pH  value  adjusted  to  7.07)] 
Calomel  Half-Cell  Immersed  Calomel  Half-Cell  Immersed 
in  N  Ammonium  Acetate  in  N  Ammonium  Acetate 
N  Solution  for  1  Day  Solution  for  12  Days 

Acetic  Cumulative  Cumulative 


Acid 

Added 

E.  m.  f. 

Rise  in 
e.  m.  f. 

rise  in 
e.  m.  f. 

E.  m.  f. 

Rise  in 
e.  m.  f. 

rise  in 
e.  m.  f. 

Cc. 

Volt 

Volt 

Volt 

Volt 

Volt 

Volt 

0.00 

0.0390 

0.0000 

0.0000 

0.0511 

0.0000 

0.0000 

1.00 

0.0469 

0.0079 

0.0079 

0.0587 

0.0076 

0.0076 

2.00 

0.0538 

0.0069 

0.0148 

0.0654 

0.0067 

0.0143 

3.00 

0.0593 

0.0055 

0.0203 

0.0712 

0.0058 

0.0201 

4.00 

0.0638 

0.0045 

0.0248 

0.0757 

0 . 0045 

0.0246 

6.00 

0.0716 

0.0078 

0.0326 

0.0834 

0.0077 

0.0323 

8.00 

0.0776 

0.0060 

0.0386 

0 . 0897 

0 . 0063 

0.0386 

11.00 

0.0849 

0.0073 

0.0459 

0.0966 

0.0069 

0 . 0455 

15.00 

0 . 0922 

0.0073 

0.0532 

0.1039 

0.0073 

0.0528 

mounted  on  a  stand  which  was  so  constructed  that  the  danger  of 
breaking  the  electrode  was  eliminated.  At  first  the  glass  elec¬ 
trode  was  filled  with  a  saturated  solution  of  potassium  chloride. 
As  evaporation  took  place,  crystals  of  potassium  chloride  dropped 
to  the  bottom.  Further  evaporation  caused  a  growth  of  these 
crystals  until  eventually  they  punctured  the  side  of  the  electrode. 
A  period  of  about  18  months  was  the  average  life  of  an  electrode 
of  this  type.  The  use  of  agar  solution  prevents  the  formation  of 
crystals  on  the  bottom  of  the  electrode  and  seems  to  reinforce 
the  thin  glass  membrane.  No  polarization  difficulties  were  ex¬ 
perienced. 

The  calomel  half-cell  forming  the  liquid  junction  was  made  up 
using  a  saturated  solution  of  potassium  chloride  and  agar,  as  is 
shown  in  Figure  3,  but  was  immersed  in  a  solution  of  1  N  am¬ 
monium  acetate  for  some  time  before  being  put  into  service.  In 
this  way  equilibrium  conditions  were  established  at  the  liquid 
junction,  and  the  potentials  were  constant  with  no  drifting. 
When  not  in  use,  this  half-cell  was  kept  immersed  in  a  1  A  am¬ 
monium  acetate  solution. 

Until  this  procedure  was  adopted  considerable  difficulty 
was  experienced.  Table  IV  shows  the  potentiometric  titra¬ 
tion  of  an  ammonium  acetate  solution  when  using  a  calomel 
half-cell  which  was  immersed  in  1  N  ammonium  acetate  solu¬ 
tion  for  24  hours  and  the  same  titration  carried  out  on  an  equal 
volume  of  the  same  solution  after  the  calomel  half-cell  had 
been  immersed  in  1  N  ammonium  acetate  solution  for  12 
days.  The  temperature  of  the  solution  was  the  same  for  both 
titrations. 

When  the  calomel  half-cell  was  first  immersed  in  the  am¬ 
monium  acetate  solution,  the  potential  of  the  system  changed 
0.0025  volt  on  standing  for  a  period  of  20  minutes.  This 
change  in  potential  was  undoubtedly  due  to  the  diffusion  of 
ions  across  the  liquid  junction.  If  any  current  was  drawn 
from  the  cell  a  further  change  was  produced.  After  the  calo¬ 
mel  half-cell  was  immersed  for  24  hours  the  potential  change 
on  standing  for  1  hour  was  very  small  and  when  small  amounts 
of  current  were  drawn  from  the  system  there  was  no  apparent 
change.  After  the  12-day  period  the  potentiometer  could  be 
thrown  out  of  balance  as  much  as  0.5  volt  without  changing 
the  potential  of  the  system.  During  the  11-day  period  be¬ 
tween  titrations,  the  initial  potential  of  the  system  changed 
0.0121  volt.  The  ammonium  acetate  solution  was  stored  in 
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a  well-stoppered  bottle  and  did  not  change  appreciably,  its 
pH  value  being  checked  before  each  titration  was  started. 

When  taking  readings,  the  potentiometer  was  brought  into 
balance  in  the  regular  way;  however,  the  zero  point  was  al¬ 
ways  confirmed  by  throwing  the  potentiometer  out  of  balance 
equal  amounts  on  each  side  (usually  0.0010  volt)  to  note  if 
equal  deflections  on  the  fight  scale  were  obtained.  When 
once  the  system  was  set  up,  readings  were  obtained  with  no 
more  effort  than  is  required  to  weigh  a  sample  of  material  on  a 
Chain-omatic  balance. 

Acknowledgment  is  given  to  F.  J.  Alway  and  C.  O.  Rost  of 
the  Division  of  Soils,  University  Farm,  Saint  Paul,  Minn.,  for 


permission  to  use  the  division’s  potentiometric  equipment 
and  also  to  show  a  portion  of  the  data  on  a  soil  profile  prior 
to  publication. 
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A  Method  for  Determining  Glutamine  in 

Plant  Tissues 

GEORGE  W.  PUCHER  and  HUBERT  BRADFORD  VICKERY 
Connecticut  Agricultural  Experiment  Station,  New  Haven,  Conn. 


Glutamine  is  converted  to  ammonia  and 
pyrrolidone  carboxylic  acid  by  hydrolysis 
in  neutral  solution.  Conditions  have  been 
ascertained  under  which  this  acid  can  be 
quantitatively  extracted  from  the  mixture 
of  plant  tissue  components.  On  being  hy¬ 
drolyzed,  pyrrolidone  carboxylic  acid  is 
converted  into  glutamic  acid;  accordingly 
the  increase  in  amino  nitrogen  during 
this  operation  furnishes  a  measure  of  the 
glutamine  amide  nitrogen  originally  pres¬ 
ent  in  the  tissue.  The  details  of  a  method 
to  determine  glutamine,  founded  on  these 
reactions,  have  been  developed  and  it  is 
shown  that  satisfactory  results  are  secured. 
The  new  procedure  is  not  proposed  as  a 
substitute  for  the  convenient  and. accurate 
amide  hydrolysis  method,  but  as  a  more 
specific  means  of  estimating  glutamine 
when  present  in  small  amounts  or  in  es¬ 
pecially  unfavorable  conditions,  such  as  in 
the  presence  of  a  large  excess  of  asparagine 
or  other  substances  that  might  interfere 
with  the  simpler  hydrolytic  method. 

THE  method  of  determining  glutamine,  originally  proposed 
by  Chibnall  and  Westall  (1)  and  subsequently  modified 
in  certain  details  (3),  depends  upon  the  complete  hydrolysis  of 
this  somewhat  unstable  amide  when  it  is  heated  to  100°  C. 
for  2  hours  at  a  reaction  in  the  range  pH  6  to  7.  The  am¬ 
monia  liberated  under  these  conditions  has  been  shown  to  be 
a  reasonably  trustworthy  measure  of  the  glutamine  amide 
nitrogen  present,  and  the  method  leaves  little  to  be  desired 
in  most  practical  cases  on  the  scores  of  convenience  or  pre¬ 
cision.  Nevertheless  there  are  other  plant  components  that 
liberate  ammonia,  though  usually  in  small  amounts,  under  the 
same  conditions.  Urea  and  allantoin  are  two  that  are  found 
in  certain  plant  species,  and  asparagine,  the  other  widely 


distributed  plant  amide,  is  not  entirely  unaffected.  Accord¬ 
ingly,  if  reliance  is  placed  on  the  determination  of  the  unstable 
amide  nitrogen,  the  results  may  be  misleadingly  high  in  cases 
where  the  proportion  of  glutamine  present  is  unusually  small,1 
and  especially  in  cases  where  the  tissues  are  unusually  rich 
in  asparagine.  Furthermore,  no  account  is  taken  of  the  pos¬ 
sibility  that  unknown  plant  components  that  also  interfere 
with  the  method  may  be  occasionally  encountered. 

The  development  of  a  procedure  which  depends  on  a  more 
specific  property  of  glutamine  than  the  hydrolysis  of  the  un¬ 
stable  amide  group  therefore  seemed  desirable.  The  present 
method  is  not  suggested  as  a  substitute  for  the  convenient 
amide  hydrolysis  method,  but  to  be  applied  as  a  confirma¬ 
tion  both  qualitative  and  quantitative  in  cases  of  doubt,  and 
especially  when  the  proportion  of  glutamine  present  is  un¬ 
usually  small.  It  is  necessary  to  emphasize  that  no  method 
of  plant  analysis  short  of  the  isolation  of  a  characteristic 
crystalline  derivative  is  thoroughly  trustworthy  in  the  present 
inadequate  state  of  our  knowledge  of  plant  tissue  composition. 

When  glutamine  is  heated  with  water  at  pH  6  to  7,  hy¬ 
drolysis  of  the  amide  group  and  ring  closure  to  pyrrolidone 
carboxylic  acid  take  place.  The  liberation  of  ammonia  is,  so 
far  as  is  known,  precisely  quantitative,  but  the  ring  closure 
may  not  be  strictly  so.  The  loss  of  amino  nitrogen  has  been 
shown,  however,  to  be  at  least  98  per  cent,  and  the  silver  salt 
of  pyrrolidone  carboxylic  acid  has  been  isolated  in  an  amount 
equivalent  to  nearly  90  per  cent  of  that  calculated  from  the 
amount  of  amide  hydrolysis.  The  hydrolysate  obtained  was 
slightly  colored,  however,  and  a  trace  of  brown  flocculent 
precipitate  separated  on  the  addition  of  the  first  drop  of  silver 
nitrate.  This  suggests  the  presence  of  a  small  amount  of  some 
by-product  of  the  reaction  (3) .  Consideration  of  the  solubility 
of  the  silver  salt  and  the  conditions  under  which  it  was  isolated 
indicates,  however,  that  the  amount  of  glutamine  destroyed 
by  side  reactions  is,  for  most  purposes,  negligible. 

Pyrrolidone  carboxylic  acid  is  a  relatively  strong  imino  acid 
(pK  =  3.32, 5)  that  can  be  quantitatively  extracted  with  ethyl 
acetate  from  aqueous  solution  buffered  in  the  range  pH  2  to 
3.  Furthermore  it  is  easily  hydrolyzed,  when  heated  for  a 

1  The  petioles  of  rhubarb  leaves  furnish  a  case  in  point.  It  is  shown  in 
another  communication  (4)  that  the  small  amount  of  glutamine  present  was 
overestimated  by  the  hydrolytic  method  since  negative  values  for  the  cal¬ 
culated  asparagine  amide  nitrogen  were  obtained.  With  the  present  method, 
the  calculated  asparagine  amide  nitrogen  values  were  very  small  but  positive 
and  there  is  reason  to  suppose  that  they  were  in  fact  zero. 
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Table  I.  Recovery  of  Pure  Glutamine  by  the  Pyrrolidone 
Carboxylic  Acid  Method 

Reaction 


of 

Solution  Amino  Nitrogen 


Extrac¬ 

Ex¬ 

Before 

After 

Glutamine 

tion 

tracted, 

hy¬ 

hy¬ 

Amide  Nitrogen 

Time 

pH 

drolysis 

drolysis 

Taken 

Found 

Recovery 

Hours 

Mg. 

Mg. 

Mg. 

Mg. 

% 

20 

6.3 

0.015 

0.0158 

1.00 

0 . 0008 

0.08 

20 

5.88 

0.015 

0.0796 

1.00 

0.0646 

6.46 

20 

3.51 

0.023 

0.814 

1.00 

0.791 

79.1 

20 

2.91 

0.005 

0.995 

1.00 

0.990 

99.0 

20 

2.48 

0.010 

1.06 

1.00 

1.05 

105.0 

17 

2.43 

0.000 

0.986 

1.00 

0.986 

98.6 

18 

2.05 

0.007 

0.980 

1.00 

0.973 

97.3 

20 

1.75 

0.005 

1.035 

1.00 

1.03 

103.0 

20 

1.82 

0.010 

0.116 

0.100 

0.106 

106.0 

20 

1.34 

0.006 

0.205 

0.200 

0.199 

99.5 

20 

0.92 

0.016 

0.997 

1.00 

0.981 

98.1 

short  time  with  dilute  mineral  acid,  to  glutamic  acid.  Ac¬ 
cordingly  the  amount  present  in  a  solution  may  readily  be 
ascertained  from  determinations  of  the  increase  in  amino 
nitrogen  after  acid  hydrolysis.  The  increase  so  found  is 
equivalent  to  the  amide  nitrogen  of  the  glutamine  from  which 
the  pyrrolidone  carboxylic  acid  was  derived.  This  combina¬ 
tion  of  properties — i.  e.,  the  conversion  of  glutamine  at  pH 
6  to  7  into  an  acid  that  can  be  extracted  with  ethyl  acetate 
and  subsequently  hydrolyzed  with  the  production  of  amino 
nitrogen — is  highly  specific  and,  if  the  steps  are  conducted 
quantitatively,  forms  the  basis  of  an  accurate  and  satisfactory 
method  to  determine  glutamine. 

Reagents 

Buffer  of  pH  8.5:  4.957  grams  of  potassium  dihydrogen  phos¬ 
phate  and  12.167  grams  of  sodium  tetraborate  (borax)  made  to 
1  liter. 

Sodium  sulfate,  20  per  cent :  200  grams  of  anhydrous  salt  made 
to  1  liter. 

Sulfuric  acid,  1.2  N:  33.4  ml.  of  concentrated  sulfuric  acid 
made  to  1  liter  and  adjusted  between  the  limits  1.20  and  1.22  N. 

Sulfuric  acid,  4  N:  111  ml.  of  concentrated  sulfuric  acid  made 
to  1  liter. 

Sodium  bicarbonate,  0.5  N:  42.0  grams  made  to  1  liter. 

Sodium  hydroxide,  10  N:  400  grams  made  to  1  liter. 

Ethyl  acetate,  95  to  99  per  cent  by  volume :  1  ml.  shaken  with 
10  ml.  of  water  must  not  require  more  than  0.1  ml.  of  0.1  N 
sodium  hydroxide  to  give  a  faint  pink  color  with  phenolphthalein 
when  titrated  at  once.  The  solvent  may  be  recovered  after  use 
by  being  washed  twice,  in  1-liter  lots,  with  200  ml.  of  10  per  cent 
sodium  carbonate  and  with  water  until  neutral.  It  is  then  dried 
over  calcium  chloride  and  distilled. 

Preparation  of  Dry  Tissue  Extract 

A  5-gram  sample  of  the  dry  powdered  tissue  is  mixed  with  80 
ml.  of  water  and  heated  at  80°  C.  for  10  minutes  with  careful 
stirring.  The  suspension  is  cooled  at  once,  transferred  to  a 
centrifuge  tube  graduated  at  100  ml.,  diluted  to  the  mark,  mixed, 
and  centrifuged.  The  clear  fluid  is  decanted  through  a  plug  of  glass 
wool  in  a  dry  funnel.  Such  extracts  can  be  preserved  by  toluene 
for  several  months  unchanged  for  the  purposes  of  the  present 
method  if  stored  in  a  refrigerator,  although  considerable  amide 
hydrolysis  may  have  occurred  in  this  time. 

Hydrolysis  of  Glutamine 

A  suitable  aliquot  of  the  extract — usually  10  ml. — is  trans¬ 
ferred  to  a  200  X  25  mm.  test  tube  and  10  ml.  of  pH  8.5  buffer 
are  added.  The  reaction  of  the  mixture  should  be  in  the  vicinity 
of  pH  6.5.  The  tube  is  lightly  stoppered  and  is  heated  in  a  boil¬ 
ing  water  bath  for  2  hours.  Loss  of  ammonia  is  immaterial. 

Extraction  of  Pyrrolidone  Carboxylic  Acid 

The  solution  is  transferred  to  one  of  the  flasks  of  a  modified 
Widmark  extraction  apparatus  (500-ml.  size,  2),  the  tube  is 
rinsed  into  the  flask  with  10  ml.  of  20  per  cent  sodium  sulfate 
solution,  and  the  reaction  is  adjusted  to  pH  2.4  =*=  0.2  by  the 


addition  of  1.2  N  sulfuric  acid:  1.5  ml.  are  usually  required  but 
the  exact  quantity  must  be  found  by  trial.  The  final  volume  is 
then  brought  to  40  ml.  by  the  addition  of  water.  The  other  flask 
of  the  extraction  apparatus  is  charged  with  40  ml.  of  0.5  N 
sodium  bicarbonate.  Sufficient  ethyl  acetate  is  then  added,  the 
flasks  are  stoppered,  and  the  device  is  oscillated  at  the  rate  of 
about  144  cycles  per  hour  for  18  hours.  At  the  expiration  of  this 
period,  the  alkaline  solution  contains  the  whole  of  the  pyrrolidone 
carboxylic  acid  derived  from  the  glutamine  of  the  tissue  extract, 
together  with  most  of  the  malic  and  citric  and  other  organic 
acids;  traces  of  amino  acids  and  other  substances  are  also  present. 

The  alkaline  solution  is  quantitatively  drawn  from  beneath  the 
solvent  by  a  fine-bore  pipet  attached  to  a  distilling  flask  and  a 
source  of  vacuum.  Two  successive  5-ml.  portions  of  water  are 
gently  agitated  with  the  solvent  and  likewise  withdrawn.  The 
solution  on  the  acid  side  of  the  extractor  is  usually  sampled  at 
the  same  time  for  a  confirmatory  test  of  the  reaction  by  means  of 
the  glass  electrode.  The  alkaline  solution  is  then  neutralized  with 
4  N  sulfuric  acid,  a  few  drops  of  bromophenol  blue  indicator  solu¬ 
tion  being  added,  is  rapidly  concentrated  in  vacuo  to  a  volume  of 
about  10  ml.,  and  is  transferred  to  a  50-ml.  flask  and  made  to 
volume. 

Hydrolysis  of  Pyrrolidone  Carboxylic  Acid 

A  15-ml.  aliquot  of  the  neutralized  solution  is  transferred  to  a 
50-ml.  Erlenmeyer  flask,  3  ml.  of  concentrated  hydrochloric  acid 
are  added,  together  with  a  few  angular  fragments  of  quartz,  and 
the  flask,  covered  with  a  small  glass  bulb,  is  heated  in  a  boiling 
water  bath  for  2  hours.  Alternatively  it  may  be  boiled  under  a 
reflux  condenser  on  a  hot  plate.  The  flask  is  then  transferred  to 
a  hot  plate  and  the  solution  is  concentrated  to  about  5  ml.  (about 
15  minutes).  A  drop  of  bromophenol  blue  indicator  solution  is 
added  and  the  solution  is  made  distinctly  alkaline  with  10  N 
sodium  hydroxide  and  is  then  acidified  with  1  ml.  of  glacial  acetic 
acid.  The  solution  is  transferred  to  a  test  tube  graduated  at  15 
ml.  and  diluted  to  the  mark— that  is,  to  the  original  volume  of  the 
aliquot  before  hydrolysis. 

Amino  nitrogen  is  determined  in  5-ml.  portions  of  this  solution, 
and  also  in  suitable  aliquots  of  the  solution  before  hydrolysis,  in 


Table  II.  Comparison  of  Values  for  Glutamine  Amide 

Nitrogen 

[Determined  by  pyrrolidone  carboxylic  acid  and  amide  (pH  6.5)  hydrolysis 

methods] 


Reaction 

Glutamine  Amide  Nitrogen 

of 

Pyrrolidone 

Amide 

Solution 

carboxylic  acid 

hydrolysis 

Extracted, 

method, 

method, 

Sample 

pH 

% 

% 

Tomato  leaf 

1.9 

0.270 

0.278 

0.274 

1.5 

0.294 

0.290 

0.298 

1.4 

0.274 

0.290 

Av.  0.284 

0.276 

Tomato  stem 

1.9 

0.542 

1.4 

0.554 

Av.  0.548 

0.538 

Rhubarb  petiole 

1.9 

0.112 

0.113 

Av.  0.113 

0.118 

Rhubarb  leaf 

1.9 

0.490 

0.450 

Tobacco  leaf  FLNA 

1.5 

0.012 

0.016 

0.017 

0.016 

Av.  0.015 

0.014 

Tobacco  leaf  LW2 

2.1 

0.062 

0.067 

Av.  0.065 

0.064 

Tobacco  leaf  LW5 

2.0 

0.117 

0.109 

Av.  0.113 

0.114 

Tobacco  leaf  LW6 

2.0 

0.107 

0.109 

0.112 

0.107 

Av.  0.109 

0.117 
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the  manometric  Van  Slyke  apparatus.  The  increase  in  amino 
nitrogen  brought  about  by  the  hydrolysis  is  equivalent  to  the 
glutamine  amide  nitrogen  of  the  original  sample  and,  if  the  dilu¬ 
tions  and  quantities  mentioned  have  been  adhered  to,  when  multi¬ 
plied  by  2000  gives  the  percentage  of  glutamine  amide  nitrogen 
in  the  dried  tissue  taken. 

Recovery  of  Glutamine 

Table  I  shows  the  results  of  a  study  of  the  reaction  at  which 
pyrrolidone  carboxylic  acid  may  be  extracted.  A  standard 
solution  of  pure  glutamine  was  used  after  having  been  hy¬ 
drolyzed  as  described.  It  is  evident  that  recoveries  of  from 
95  to  105  per  cent  are  obtained,  provided  the  extraction  is 
made  within  the  limits  pH  3  to  1.  The  mean  of  the  six  de¬ 
terminations  of  1  mg.  of  glutamine  amide  nitrogen  in  this 
range  is  100.2  ±  3.1  per  cent.  The  small  quantities  of  amino 
nitrogen  present  before  hydrolysis  are  to  be  attributed  to 
reagent  blanks. 

An  examination  of  the  period  of  hydrolysis  required  to  con¬ 
vert  pyrrolidone  carboxylic  acid  to  glutamic  acid  under  the 
conditions  described  showed  that  90  minutes  at  100°  C.  fol¬ 
lowed  by  an  evaporation  time  of  about  15  minutes  on  the  hot 
plate  was  sufficient  to  give  97  per  cent  hydrolysis,  while  a  2- 
hour  period  gave  complete  hydrolysis. 

Analysis  of  Tissues 

The  choice  of  the  quantity  of  dry  tissue  for  analysis  is  de¬ 
pendent  upon  the  proportion  of  glutamine  present.  A  con¬ 
sideration  of  the  range  of  values  usually  encountered  in  leaves 
suggested  that  the  aliquot  part  of  the  solution  actually  taken 
for  the  analysis  might  most  conveniently  represent  0.5  gram; 
with  this  amount,  if  only  0.01  per  cent  of  glutamine  amide 
nitrogen  were  present,  the  measurement  would  involve  the 
determination  of  0.05  mg.  of  amino  nitrogen  which  should  be 
possible  within  5  per  cent.  The  precision  is  greater  for  larger 
quantities. 

The  adjustment  of  the  reaction  previous  to  the  hydrolysis 
of  glutamine  need  not  be  exact,  since  small  losses  of  am¬ 
monia  are  immaterial.  Glutamine  is  completely  hydrolyzed 
in  2  hours  in  the  range  pH  6  to  7,  and  the  velocity  of  hydrolysis 
increases  rapidly  outside  of  this  range.  Experience  with 
several  tissues  showed  that,  if  10  ml.  of  buffer  at  pH  8.5  are 
mixed  with  10  ml.  of  extract  prepared  as  described  above,  the 
reaction  of  the  mixture  fell  within  this  range.  The  adjust¬ 
ment  of  the  reaction  previous  to  the  extraction  of  the 
pyrrolidone  carboxylic  acid  in  the  case  of  glutamine  determina¬ 
tions  in  tissue  extracts  does  not  appear  to  be  particularly 
critical;  successful  results  have  been  obtained  within  the 
range  pH  1 .4  to  2.9.  But,  as  will  be  noted  below,  the  recovery 
of  added  glutamine  requires  extraction  at  a  reaction  adjusted 
fairly  closely  in  the  range  pH  2.4  ±  0.2. 

It  was  found  desirable  to  increase  not  only  the  buffering 
effect  but  also  the  salt  concentration  of  the  solution  previous 
to  extraction  in  order  to  avoid  loss  of  water  by  migration  in 
solution  in  the  organic  solvent  to  the  aqueous  phase  of  higher 
salt  content.  Accordingly  10  ml.  of  20  per  cent  sodium  sulfate 
were  added  and  the  quantity  of  2  A  sulfuric  acid  necessary 
to  bring  the  reaction  to  pH  2.4  ±  0.2  was  ascertained.  In 
many  cases  this  was  found  to  be  close  to  1.5  ml.  The  reaction 
of  the  acid  solution  at  the  end  of  the  extraction  should  also 
be  noted  and  conditions  adjusted  if  necessary. 

The  choice  of  ethyl  acetate  as  solvent  was  dictated  by  ex¬ 
perience  with  the  rate  of  extraction  of  citric  acid  with  several 
solvents.  It  is,  however,  by  no  means  a  specific  solvent  under 
the  conditions  employed;  more  or  less  a-amino  nitrogen 
always  finds  its  way  into  the  alkaline  solution  although  no 
evidence  was  found  that  hydrolyzable  amino  nitrogen — e.  g., 
peptide  nitrogen — accompanies  it.  This  is  not  a  serious  dis- 


Table  III.  Recovery  of  Glutamine  Added  to  Plant  Tissue 

Extracts 


Reaction  of 

Solution 

Glutamine 

Extracted, 

Added, 

Recovery, 

pH 

% 

% 

1.00  to  1.7 

0.04  to  0.20 

0  to  82.0 

1.7  to  1.93 

0.2 

82.0  to  93.0 

2.09 

0.2 

96.5 

2.27 

0.2 

96.5 

2.49 

0.2 

96.5 

2.52 

0.2 

94.0 

2.91 

0.2 

96.5 

2.91 

0.2 

101.0 

advantage  since  the  datum  required  is  the  increase  in  amino 
nitrogen  brought  about  by  acid  hydrolysis  under  fairly  mild 
conditions. 

Comparison  with  Amide  Hydrolysis  Method 

Table  II  shows  a  series  of  determinations  on  several  dried 
plant  tissues  compared  with  determinations  made  by  the 
amide  hydrolysis  method  (3).  The  reactions  of  the  fluids  on 
the  acid  side  of  the  extraction  apparatus  at  the  end  of  the 
extraction  period  are  also  recorded  to  show  the  range  over 
which  satisfactory  results  have  been  secured.  The  data  also 
show  to  what  extent  replicate  determinations  may  be  ex¬ 
pected  to  agree.  The  eight  determinations  on  tomato  leaf 
gave  a  mean  value  of  0.284  ±  0.011,  a  standard  error  of  ±3.7 
per  cent,  and  the  value  by  the  hydrolysis  method  lies  well 
within  these  limits.  The  analyses  given  cover  a  range  of 
glutamine  concentrations  from  tissues  that  contained  little 
more  than  a  trace  to  one  that  contained  over  5  per  cent  of  the 
dry  weight  as  glutamine. 

Recovery  of  Glutamine  Added  to  Tissue  Extracts 

Attempts  to  recover  glutamine  added  to  tissue  extracts 
gave  low  and  erratic  results  until  it  was  found  that  the  re¬ 
action  of  the  solution  from  which  the  pyrrolidone  carboxylic 
acid  is  extracted  must  be  carefully  controlled.  Data  that  show 
the  phenomena  encountered  are  given  in  Table  III.  They 
refer  to  several  different  tissues  and  may  be  summarized  by 
the  statement  that  the  recovery  may  be  less  than  80  per  cent 
at  reactions  more  acid  than  pH  1.7  and  that  the  recovery  is 
less  than  93  per  cent  at  reactions  in  the  range  1.7  to  1.9.  In 
the  most  favorable  reaction  range,  pH  2.1  to  2.9,  the  recovery 
still  fell  a  little  short  of  being  quantitative  but  was  reasonably 
satisfactory.  In  view  of  this  it  seems  best  to  suggest  that  the 
reaction  should  be  adjusted  to  pH  2.4  =±=  0.2  for  general  ap¬ 
plication. 

The  difficulty  of  obtaining  complete  recovery  of  added 
glutamine  appears  to  be  attributable  to  a  failure  of  complete 
extraction  owing  perhaps  to  an  obscure  reaction  between  the 
pyrrolidone  carboxylic  acid  and  some  tissue  extract  com¬ 
ponent.  Prolonged  extraction  (46  hours)  did  not  improve  the 
results.  No  explanation  of  this  behavior  can  be  advanced  at 
the  present  time.  Conditions  have  been  found  empirically 
by  which  the  difficulties  can  be  approximately  overcome  in 
practical  cases,  and  considerable  experience  with  a  wide  range 
of  tissues  has  indicated  that  the  effect  is  confined  to  the  case 
of  glutamine  added  to  the  extract. 
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Test  for  Magnesium  with 
/?-Nitrobenzeneazoresorcinol 

The  Effect  of  Diverse  Ions 

J.  P.  MEHLIG  AND  K.  R.  JOHNSON 
Oregon  State  College,  Corvallis,  Ore. 


HE  qualitative  test  for  magnesium  employing  the  reagent 
p-nitrobenzeneazoresorcinol,  commonly  called  S.  and  0. 
reagent,  which  produces  a  sky-blue  lake  in  a  magnesium  solu¬ 
tion  made  alkaline  with  sodium  hydroxide,  was  first  proposed 
by  Suitsu  and  Okuma  (6)  who  claimed  that  0.002  mg.  of 
magnesium  can  be  thereby  detected. 

Ruigh  (4)  found  that  excess  of  ammonium  salts  destroys  the 
sensitivity  of  the  reagent  and  that  nickel  and  cobalt  interfere  by 
giving  somewhat  similar  blue  lakes,  and  stated  that  after  the  re¬ 
moval  of  the  heavy  metals  by  precipitation  as  sulfides  the  test 
is  absolutely  characteristic.  Eegriwe  (1)  corroborated  the  inter¬ 
ference  of  nickel  and  cobalt  and  added  chromic  ion  to  the  list. 
Stone  (5)  stated  that  ammonium  salts  and  organic  matter  de¬ 
crease  the  sensitivity.  Newell,  Pike,  and  Ficklen  ( 3 )  claimed 
that  the  test  is  not  so  specific  as  might  be  desired  and  that 
the  sensitivity  is  only  2  parts  per  million.  They  stated  that 
most  of  the  cations  of  group  II  and  all  those  of  group  III  inter¬ 
fere,  but  that  only  a  few  of  the  anions  cause  trouble. 

Engel  (2)  modified  the  test  by  causing  a  blue  stain  to  be 
formed  on  the  surface  of  a  casserole  upon  evaporation  of  the  solu¬ 
tion  and  detected  3  X  10~6  gram  of  magnesium.  His  test  is  valid 


Table  I.  Effect  of  Diverse  Ions  on  Magnesium  Test 

(10  mg.  of  magnesium  present) 


Ion 

Weight 

Mg. 

Result 

Aluminum 

1000 

No  interference 

Ammonium 

100 

No  interference 

500 

No  interference 

600 

No  interference 

650 

Slight  fading 

700 

Slight  fading 

750 

Interference 

Antimonous 

1000 

No  interference 

Barium 

1000 

No  interference 

Bismuth 

1000 

No  interference 

Cadmium 

1000 

No  interference 

Calcium 

1000 

No  interference 

Chromic 

10 

Green  ppt.  interferes 

Cobaltous 

10 

Rose-gray  ppt.  interferes 

Cupric 

10 

Blue  ppt.  interferes 

Ferric 

10 

Brown  ppt.  interferes 

Ferrous 

10 

Green  ppt.  interferes 

Lead 

1000 

No  interference 

Manganous 

10 

Brown  ppt.  interferes 

Mercuric 

10 

Black  ppt.  interferes 

Mercurous 

10 

Black  ppt.  interferes 

Nickelous 

10 

Green  ppt.  interferes 

Potassium 

1000 

No  interference 

Silver 

10 

Brown  ppt.  interferes 

Sodium 

1000 

No  interference 

Stannic 

1000 

No  interference 

Stannous 

1000 

No  interference 

Strontium 

1000 

No  interference 

Zinc 

1000 

No  interference 

Acetate 

1000 

No  interference 

Arsenate 

10 

Brown  ppt.  interferes 

Arsenite 

1000 

No  interference 

Borate 

1000 

No  interference 

Bromide 

1000 

No  interference 

Carbonate 

1000 

No  interference 

Chloride 

1000 

No  interference 

Chromate 

10 

Yellow  ppt.  interferes 

Cyanide 

1000 

No  interference 

Fluoride 

1000 

No  interference 

Iodide 

1000 

No  interference 

Nitrate 

1000 

No  interference 

Nitrite 

1000 

No  interference 

Orthophosphate 

1000 

No  interference 

Oxalate 

1000 

No  interference 

Permanganate 

10 

Purple  interferes 

Sulfate 

1000 

No  interference 

Sulfide 

1000 

No  interference 

Sulfite 

1000 

No  interference 

Thiocyanate 

1000 

No  interference 

in  the  presence  of  any  one  or  all  the  common  ions  met  in  qualita¬ 
tive  analysis.  Acetates,  tartrates,  and  ammonium  salts  do  not 
interfere,  but  do  decrease  the  sensitivity. 

The  purpose  of  the  present  work  was  to  make  a  further 
study  of  ion  interference  with  the  test  when  carried  out  ac¬ 
cording  to  Ruigh’s  directions  (4) . 

Preparation  of  Solutions 

p-Nitrobenzeneazoresorcinol  solution  was  made  by  dissolving 
0.5  gram  of  the  solid  reagent  in  a  1  per  cent  solution  of  sodium 
hydroxide  and  diluting  with  the  solvent  to  100  ml. 

Test  solutions  of  the  cations  were  prepared  from  the  chloride, 
nitrate,  or  sulfate  salts,  while  the  sodium  or  potassium  salts  were 
used  for  the  preparation  of  the  anion  solutions.  Each  milliliter 
contained  10  mg.  of  the  ion  in  question. 

Procedure 

The  interference  studies  were  made  by  mixing  a  given 
volume  of  the  diverse  ion  solution  with  1  ml.  of  a  magnesium 
solution  containing  10  mg.  of  magnesium,  adding  1  drop  of 
the  p-nitrobenzeneazoresorcinol  solution,  and  making  the 
solution  alkaline  with  dilute  sodium  hydroxide  solution.  If 
there  was  no  interference  a  sky-blue  precipitate  could  be  seen. 
As  little  as  0.002  mg.  of  magnesium  was  easily  detected  in  the 
absence  of  interference. 

The  effects  on  the  test  of  most  of  the  common  ions  are 
shown  in  Table  I. 

Discussion 

Interference  is  usually  due  to  the  formation  by  the  diverse 
ion  of  a  colored  precipitate  which  masks  the  blue  produced 
by  the  magnesium.  Black  precipitates  are  given  by  mercurous 
and  mercuric  ions;  brown  by  silver,  manganous,  ferric,  and 
arsenate  ions;  green  by  chromic,  nickelous,  and  ferrous  ions; 
rose-gray  by  cobaltous  ions;  yellow  by  chromate  ions;  and 
deep  blue  by  cupric  ions.  Only  arsenate,  chromate,  and  per¬ 
manganate  of  the  twenty  anions  tested  interfere.  The  white 
precipitates  formed  by  aluminum,  antimonous,  bismuth, 
cadmium,  stannic,  stannous,  and  zinc  ions  do  not  interfere 
because  the  blue  magnesium  lake  is  not  masked  by  white. 
Ammonium  ion  does  not  cause  trouble  unless  present  in  con¬ 
siderable  excess.  Sixty  times  as  much  ammonium  as  mag¬ 
nesium  by  weight  may  be  present  without  causing  fading. 

No  claim  has  ever  been  made  by  any  investigator  that  the 
S.  and  O.  reagent  is  a  specific  test  for  magnesium.  However, 
since  the  interfering  ions  are  easily  removed  in  the  usual 
scheme  of  qualitative  analysis  before  the  test  is  applied,  the 
test  is  most  satisfactory  and  useful.  Aluminum,  barium, 
calcium,  and  strontium,  traces  of  which  often  are  present 
through  faulty  separations,  give  a  white  phosphate  precipitate 
which  may  easily  be  mistaken  for  magnesium  ammonium 
phosphate  in  the  old  classical  test  for  magnesium,  but  in  the 
absence  of  magnesium  they  give  no  blue  color  whatever  when 
the  S.  and  O.  test  is  applied,  nor  do  they  interfere  with  the 
test  when  magnesium  is  present.  Students  in  the  writers’ 
classes  get  exceptionally  good  results  with  the  test. 
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Summary 

The  effect  of  forty-four  of  the  common  ions  upon  the  p- 
nitrobenzeneazoresorcinol  test  for  magnesium  has  been 
studied.  Although  many  of  the  metals  of  the  first  three 
groups  interfere,  they  will  have  been  removed,  in  the  usual 
qualitative  procedure,  before  the  test  for  magnesium  is  made. 

Aluminum,  barium,  calcium,  and  strontium  ions,  which  give 
so  much  trouble  in  the  phosphate  test  for  magnesium  through 
the  formation  of  similar  white  precipitates,  do  not  interfere 
at  all  with  the  S.  and  O.  test. 

Very  few  anions  interfere. 


The  test,  although  not  specific  for  magnesium  in  the  strictest 
sense,  is  very  satisfactory,  useful,  and  efficient  when  properly 
applied. 
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Direct  Estimation  of  Biological  Nitrogen  Fixation 

A  Gasometric  Method 

CHARLES  HURWITZ  AND  P.  W.  WILSON,  University  of  Wisconsin,  Madison,  Wis. 


DEMONSTRATION  of  biological  nitrogen  fixation  is 
usually  accomplished  by  estimating  the  total  nitrogen 
(before  and  after  incubation)  through  use  of  some  modifica¬ 
tion  of  the  Kjeldahl  procedure.  Although  this  technique  is 
accurate  and  reliable  whenever  a  medium  initially  low  in 
nitrogen  is  employed,  the  Kjeldahl  method  is  subject  to  cer¬ 
tain  inaccuracies  when  used  with  substrates  high  in  organic 
nitrogen.  During  the  period  of  incubation,  changes  in  the 
form  of  nitrogen  occur  which  may  give  rise  to  errors  in  the 
determination  and  thus  invalidate  the  apparent  gains  in 
nitrogen  observed  ( 9 ).  Such  errors  have  caused  much  con¬ 
fusion  and  disagreement  among  workers  in  the  field  of  bio¬ 
logical  nitrogen  fixation.  It  has  been  proposed,  therefore,  that 
a  direct  measure  of  free  nitrogen  uptake  be  a  necessary  condi¬ 
tion  for  acceptance  of  claims  of  nitrogen  fixation  on  substrates 
initially  high  in  total  nitrogen,  such  as  plant  extracts,  germi¬ 
nating  seeds,  and  nodules  from  leguminous  plants  (8,  9). 

The  chief  difficulty  in  following  this  suggestion  has  been  the 
lack  of  a  suitable  gasometric  method.  Although  gasometric 
procedures  have  been  used  previously  for  this  and  similar 
problems  in  biological  nitrogen  fixation  studies  (I,  2,  4,  7),  the 
majority  possess  certain  disadvantages  which  have  prevented 
their  widespread  adoption.  Aside  from  the  frequent  use  of 
complicated  and  expensive  apparatus,  they  usually  employ 
rather  large  culture  flasks  in  order  to  provide  sufficient  oxygen 
for  respiration  of  the  biological  agent  under  investigation. 
Under  such  conditions,  the  quantity  of  nitrogen  fixed  is 
ordinarily  too  small  to  detect  accurately  through  gas  analysis. 
A  second  source  of  error  has  been  the  relatively  large  correc¬ 
tions  which  must  be  made  in  order  to  allow  for  changes  in 
the  composition  and  partial  pressures  of  the  various  gases  in 
the  closed  system.  These  objections  have  been  removed 
through  development  of  a  technique  based  on  the  principle 
of  constantly  renewing  the  oxygen  as  it  is  consumed  in 
respiration. 


Method 

The  apparatus  employed  is  shown  in  Figure  1;  details  of 
the  method  are  best  supplied  by  actual  illustration  of  its  use 
in  a  test  with  Azotobacter. 

To  a  sterile  calibrated  Erlemneyer  flask  a  known  volume  of 
sterile  nitrogen-free  medium  is  added  aseptically  and  20  ml.  of 
40  per  cent  potassium  hydroxide  are  placed  in  the  inner  tube. 


The  connecting  glass  tube  which  leads  into  the  potassium  hy¬ 
droxide  container  holds  it  upright  and  reduces  danger  of  contami¬ 
nation  from  added  oxygen.  After  the  flask  is  inoculated  with  1 
ml.  of  a  24-hour-old  Azotobacter  vinelandii  culture,  it  is  attached 
to  the  Novy-Soule  respirometer  ( 5 )  by  means  of  the  rubber  stop¬ 
per  and  glass  tube.  Heavy-walled  rubber  tubing  and  a  high-grade 
rubber  stopper  impregnated  with  vaseline  are  used  for  connec¬ 
tions.  The  rubber  stopper  is  inserted  to  a  calibration  mark  on  the 
neck  of  the  flask.  These  connections  are  securely  wired,  glycerol 
being  used  to  facilitate  fitting.  Glass  stopcocks  are  carefully 
greased  with  Lubriseal,  checked  for  leaks  under  pressure,  and 
secured  in  place  with  stout  rubber  bands. 

When  connected,  the  system  is  placed  in  a  constant-tempera¬ 
ture  room  at  the  desired  temperature  for  4  hours.  Stopcocks  1 
and  3  are  then  opened  momentarily  in  order  to  equilibrate  the 
system;  the  stopcocks  are  closed  and  the  test  begins.  As  oxygen 
is  respired,  the  carbon  dioxide  evolved  is  absorbed  in  the  potas¬ 
sium  hydroxide;  hence  the  rate  and  quantity  of  oxygen  consump¬ 
tion  can  be  followed  by  the  changes  in  the  mercury  manometer. 
When  the  p02  inside  the  apparatus  reaches  approximately  0.15 
atmosphere,  as  indicated  by  the  reading  on  the  manometer,  the 
flask  is  shaken  for  several  minutes  to  absorb  the  carbon  dioxide 
completely.  The  Hg  level  coming  to  equilibrium,  the  final  reading 
is  taken,  and  oxygen  is  added  from  reservoir  B.  By  means  of  the 
water  system,  A,  the  air  in  the  capillary  tube,  C,  and  the  three- 
way  tailcock  3  on  the  respirometer  is  displaced  with  water  which 
in  turn  is  swept  out  with  pure  oxygen  kept  under  a  slight  head 
of  mercury  in  B.  When  this  is  accomplished,  the  tailcock  is 
turned  to  communicate  with  the  closed  system,  and  oxygen  is 
added  to  a  pressure  of  zero.  This  procedure  is  carried  out  as 
often  as  is  required  during  the  period  of  incubation.  In  adding 
oxygen  to  the  system  and  in  filling  the  oxygen  reservoir  from  the 
cylinder,  great  care  must  be  exercised  to  exclude  air  completely. 

At  the  end  of  the  incubation  period,  oxygen  is  added  to  zero 
pressure  in  the  manner  just  described,  stopcock  2  is  closed,  and 
samples  of  gas  are  removed  via  stopcock  3  for  analysis.  In  the 
authors’  work  these  are  carried  out  in  a  special  gas  apparatus 
which  requires  15  to  25  ml.  (3),  but  any  standard  gas-analysis  ap¬ 
paratus  should  be  satisfactory.  A  Kjeldahl  analysis  is  then  made 
on  the  entire  contents  of  the  flask. 

The  gas  analysis  includes  tests  for  oxygen,  carbon  dioxide,  car¬ 
bon  monoxide,  and  combustible  gases,  but  in  actual  practice 
oxygen  and  a  small  quantity  of  carbon  dioxide  (about  1  per  cent) 
are  the  only  gases  which  have  been  found.  It  is  evident  that 
through  use  of  the  technique  described  not  only  is  the  oxygen 
respired  completely  replaced,  but  any  free  nitrogen  fixed  will 
show  up  in  the  gas  analysis  as  an  increase  in  the  oxygen  content. 
For  this  reason,  the  nitrogen  fixed  can  be  calculated  from  the 
formula: 


Mg.  of  N  fixed 


28  X  (Ui  -gJXFX  273  ( P  -  vy) 

22.4  X  (f  +  273)  X  760 


in  which  G\  is  per  cent  of  total  absorbable  gases  in  the  experi¬ 
mental  flask;  Gi  is  per  cent  of  total  absorbable  gases  in  a  suitable 
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MANOMETER 


WATER  S'JSTEM 


Figure  1.  Gasometric  Apparatus  for 
Direct  Estimation  of  Nitrogen  Fixed 


but  this  refinement  would  increase  the  cost  of 
the  apparatus.  Estimation  of  V  by  the  two 
methods  agreed  within  0.5  per  cent,  an  error 
much  smaller  than  others  in  the  method.) 

In  many  cases,  there  is  an  obvious  con¬ 
trol — e.  g.,  with  Azotobader  a  culture  of  the 
same  organism  growing  on  sufficient  com¬ 
bined  nitrogen  to  prevent  fixation.  If  no 
suitable  control  is  available,  Go  becomes  the 
per  cent  of  absorbable  gases  in  an  uninocu¬ 
lated  control,  and  correction  in  the  test  cul¬ 
ture  must  be  made  for  the  small  quantity  of 
nonabsorbable  gases  added  with  the  oxygen. 

Test  of  the  Method 

Estimation  of  the  quantity  of  nitrogen  fixed 
by  Azotobader  in  a  nitrogen-free  medium 
through  use  of  the  gasometric  and  the 
Kjeldahl  methods  gave  comparable  results. 
Typical  data  supplied  in  Table  I  illustrate 
the  order  of  agreement  between  duplicate  gas 
analyses  and  between  the  values  obtained 
for  nitrogen  fixed  by  the  two  methods.  In 
these  experiments,  Azotobader  cultures  sup- 


control;  V  is  the  gas  volume  (in  ml.)  of  the  flask  plus  “tip”  to 
level  of  mercury;  P  is  atmospheric  pressure  at  equilibration  in 
millimeters;  and  vp  is  vapor  pressure  at  t°  C.  V  is  determined 
by  marking  the  neck  of  the  flask  at  a  point  where  the  lower  end 
of  the  rubber  stopper  can  be  conveniently  inserted  and  calibrating 
to  this  mark  with  water.  The  volume  of  the  tip  is  estimated 
separately.  After  the  apparatus  is  completely  assembled,  a 
check  on  the  calibration  can  be  made  by  withdrawing  a  measured 
volume  of  air  and  noting  the  rise  in  the  mercury  level  of  the 
manometer.  (The  use  of  all-glass  connection  is  suggested, 


Table  I.  Test  of  Gasometric  Method  in  Nitrogen 
Fixation  Experiments  by  Azotobader  vinelandii 

(Final  growth  experiments  in  500-ml.  flasks) 


Treatment 

Age 

Oxygen 

Uptake 

Gasometric  Analysis 
Nitrogen 

Oxygen  fixed 

Nitrogen 
Fixed  by 
Kjeldahl 
Analysis 

Hours 

Ml. 

Per  cent 

Mg. 

Mg. 

Experiment  1 

Control  plus 
NH4C1 

210 

200 

(20.14 

120.10 

N-free 

162 

472 

(24.1 

124.1 

17.0 

14.68 

N-free 

232 

590 

(24.15 

124.24 

18.0 

15.84 

N-free 

234 

754 

(24.88 

124.86 

20.9 

22.64 

N-free 

235 

790 

(24.34 

124.45 

18.9 

21.0 

Experiment  2 

Control  plus 
NH4CI 

82 

178 

(20.94 

1 20.94 

N-free 

83 

338 

(23.12 

123.21 

9.80 

10.13 

N-free 

84 

319 

(23.09 

122.88 

8.99 

7.32 

Figure  2.  Test  of  Gasometric  Method  with  Azotobader 
Cultures 

Rate  experiments.  Top,  500-ml.  flasks.  Bottom,  100-ml.  flasks 
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plied  with  an  excess  of  ammonium  chloride  served  as  a 
natural  control.  Similar  data  are  shown  in  Figure  2  for  rate 
experiments.  In  the  rate  experiments  a  series  of  cultures 
was  set  up,  and  periodically,  one  flask  (in  some  cases, 
duplicates)  was  removed  and  analyzed  for  nitrogen  fixed  by 
both  the  Kjeldahl  and  gasometric  methods — i.  e.,  a  Kjeldahl 
analysis  was  made  on  the  entire  contents  of  the  flask  after 
taking  the  gas  samples. 

Accuracy  and  Sensitivity  of  Method 

Experience  with  the  method  using  Azotobacter  cultures, 
germinating  seeds,  and  root  nodules  from  leguminous  plants 
(9)  indicates  that  when  500-ml.  flasks  are  used,  the  total 
errors,  including  those  associated  with  the  gas  analyses  and 
all  necessary  manipulation,  reach  a  maximum  of  about  2.5 
mg.  of  nitrogen.  The  method  has  been  designed  primarily  to 
investigate  nitrogen  fixation  in  substrates  initially  high  in 
organic  nitrogen.  Since  on  such  substrates  it  is  usually 
claimed  that  10  to  25  mg.  of  nitrogen  are  fixed,  it  is  evident 
that  the  method  is  adequate  for  detection  of  such  quantities. 
Although  the  Kjeldahl  method  may  be  more  accurate  for 
substrates  low  in  organic  nitrogen  than  is  the  gasometric  pro¬ 
cedure,  the  situation  is  reversed  with  many  substrates  high  in 
nitrogen,  especially  heterogeneous  material  such  as  seeds  and 
root  nodules.  For  example,  statistical  treatment  of  several 
hundred  analyses  of  pea  seed  by  various  Kjeldahl  methods 
indicated  that  in  a  5-gram  sample  the  estimate  of  nitrogen  has 
a  standard  deviation  of  about  5  mg.  (5).  Therefore,  even  if 
quadruplicate  samples  are  taken,  the  standard  deviation  of 
the  difference  between  the  means  of  the  controls  and  treated 
samples  would  be  4.1  mg.  Since  t  for  6  degrees  of  freedom 
equals  2.45  (95  per  cent  confidence  limit),  a  difference  of  9.9 
mg.  would  be  necessary  for  significance  ( 6 )  if  a  Kjeldahl 
method  of  analysis  is  used.  In  contrast,  the  gasometric 
method  is  independent  of  sampling  errors  in  the  initial  nitro¬ 


gen  content  of  seeds  since  it  measures  directly  the  quantity  of 
free  nitrogen  which  disappears  from  the  atmosphere;  ordi¬ 
narily,  a  loss  of  2.5  mg.  of  nitrogen  should  be  readily  detected. 
For  less  heterogeneous  materials,  as  nodules,  the  variance  in 
the  samples  is  less,  but  the  sensitivity  of  the  gasometric 
method  can  be  increased  through  use  of  smaller  flasks,  so  that 
the  latter  method  still  retains  its  advantage. 

Summary 

A  gasometric  method  is  described  for  detection  of  uptake 
of  free  nitrogen  by  biological  agents  which  is  based  on  the 
principle  of  quantitatively  replacing  nitrogen  fixed,  as  well  as 
oxygen  respired,  with  oxygen  of  known  purity.  Tests  with 
Azotobacter  cultures  indicate  that  it  is  reliable  and  possesses 
reasonable  accuracy.  Its  advantages  over  Kjeldahl  methods 
for  use  with  heterogeneous  substrates,  as  seeds  and  plant 
tissues,  which  are  initially  high  in  organic  nitrogen  are  dis¬ 
cussed. 
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Determination  of  Molybdenum  in  Cast  Iron 

and  Steel 


CALVIN  STERLING  AND  W.  P.  SPUHR,  The  International  Nickel  Co.,  Inc.,  Research  Laboratory,  Bayonne,  N.  J. 


A  combination  of  the  alpha-benzoinox- 
ime  and  lead  molybdate  methods  for  the 
determination  of  molybdenum  in  ferrous 
materials  is  described.  The  critical  ignition 
of  the  alpha-benzoinoxime  precipitate  is 
avoided  by  dissolving  it  in  ammonium 
hydroxide  and  precipitating  and  weighing 
the  molydenum  as  lead  molybdate  with¬ 
out  further  purification. 

A  MODIFICATION  of  Knowles’  {9)  alpha-benzoinoxime 
method  for  the  determination  of  molybdenum  was 
adopted  as  a  standard  procedure  in  this  laboratory  during 
1935.  The  method  was  accurate  and  more  rapid  than  the 
former  practice,  which  involved  separation  by  hydrogen  sul¬ 
fide  and  weighing  as  lead  molybdate.  However,  the  ignition 
of.  the  molybdenum  compound  of  alpha-benzoinoxime  to 
molybdic  oxide  at  temperatures  below  550°  C.  was  trouble¬ 


some.  The  operation  required  at  least  an  hour,  and  demanded 
accurate  control  of  the  temperature  in  order  to  avoid  losses  of 
molybdenum.  In  addition,  it  was  necessary  to  correct  the 
weight  of  the  oxide  for  small  amounts  of  impurities. 

The  authors  have  succeeded  in  overcoming  these  annoy¬ 
ances  by  dissolving  the  alpha-benzoinoxime  precipitate  in 
ammonia,  filtering  off  the  insoluble  impurities,  and  precipitat¬ 
ing  the  molybdenum  as  lead  molybdate.  This  procedure 
yields  a  pure  precipitate  containing  a  favorably  low  percentage 
of  molybdenum,  and  which  may  be  ignited  quickly  under  easily 
obtained  conditions. 

Analytical  Procedure 

Reagents.  The  following  reagents  were  prepared,  using 
reagent  grade  chemicals  with  the  exception  of  perchloric  acid. 
As  a  matter  of  economy  the  technical  grade  acid  is  used  in  all 
routine  work. 

Nitric-Perchloric  Acid  Mixture.  Mix  3  volumes  of  68  to' 
70  per  cent  technical  grade  perchloric  acid  with  1  volume  of 
nitric  acid  (sp.  gr.  1.42)  and  1  volume  of  water. 

Potassium  Dichromate  Solution.  Dissolve  1.41  grams  of 
potassium  dichromate  in  water  and  dilute  to  100  ml.  Each 
milliliter  contains  5  mg.  of  chromium. 
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Ferrous  Stjlfate,  5  Per  Cent  Solution.  Dissolve  50  grams 
of  ferrous  ammonium  sulfate  hexahydrate  in  water,  add  50  ml.  of 
1  to  1  sulfuric  acid,  and  dilute  to  1  liter. 

Alpha-Benzoinoxime,  2  Per  Cent  Solution.  Dissolve  2 
grams  of  alpha-benzoinoxime  in  100  ml.  of  ethyl  alcohol. 

Lead  Acetate  Buffer  Mixture.  Dissolve  4  grams  of  lead 
acetate  trihydrate  in  a  solution  containing  275  ml.  of  water,  550 
ml.  of  ammonium  hydroxide  (sp.  gr.  0.90),  900  ml.  of  50  per  cent 
acetic  acid,  and  275  ml.  of  hydrochloric  acid  (sp.  gr.  1.19).  Let 
stand  overnight  and  filter. 

Preparation  of  the  Solution.  Transfer  3  to  5  grams  of  steel 
or  cast  iron  to  a  600-ml.  beaker  and  add  50  to  70  ml.  of  nitric- 
perchloric  acid  mixture.  Cover  the  beaker  and  heat  gently  until 
action  ceases.  Remove  the  watch  glass,  and  add  1  to  3  ml.  of 
hydrofluoric  acid. 

Add  sufficient  potassium  chromate  solution  to  cast-iron  samples 
to  make  the  total  chromium  content  of  the  solution  at  least  25 
mg.  The  chromium  catalyzes  the  destruction  of  graphite  and 
carbides  by  boiling  perchloric  acid. 

Evaporate  the  solution  from  the  open  beaker  until  heavy  white 
fumes  appear.  Continue  heating  until  volatile  acids  are  driven 
from  the  beaker  and  the  perchloric  acid  comes  to  a  boil.  Cover 
the  beaker  with  a  watch  glass  and  boil  gently  until  carbides  and 
graphite  are  decomposed.  The  rate  of  boiling  should  not  be  high 
enough  to  cause  excessive  losses  of  perchloric  acid. 

Remove  the  beaker  from  the  hot  plate  and  allow  to  cool  until 
the  perchlorates  crystallize.  Dilute  the  solution  to  100  ml.  and 
stir,  heating  if  necessary,  until  the  salts  have  dissolved.  Filter 
off  any  insoluble  residue. 

Precipitation  by  Alpha-Benzoin  oxime.  Cool  the  prepared 
solution  below  20°  C.  and  add  ferrous  sulfate  until  the  solution 
has  clear  blue-green  color  that  is  not  changed  by  adding  a  slight 
excess.  Dilute  to  400  ml.  and  cool  to  5°  to  10°  C.  in  an  ice  bath. 
Pieces  of  clean  ice  may  be  added  to  the  solution  itself. 

Add  10  ml.  of  alpha-benzoinoxime  solution  slowly  while  stir¬ 
ring.  Add  an  additional  0.5  ml.  for  each  milligram  of  molyb¬ 
denum  present.  Add  bromine  water  while  stirring  until  the  solu¬ 
tion  is  tinted  a  pale  yellow,  and  then  add  3  to  4  ml.  more  of 
reagent.  Let  stand  5  to  10  minutes  in  the  ice  bath  with  oc¬ 
casional  stirring. 

Filter  the  precipitate  on  a  15-em.  rapid  paper  and  wash  with 
cold  2  to  98  sulfuric  acid  containing  a  few  milliliters  of  reagent. 
Fill  the  paper  with  washing  solution  and  allow  it  to  drain  com¬ 
pletely  before  breaking  up  the  cake  with  the  stream  from  the 
wash  bottle. 

Treat  the  filtrate  with  more  reagent  as  a  check  on  the  complete 
separation  of  molybdenum.  Needlelike  crystals  will  deposit  on 
standing  if  sufficient  excess  reagent  has  been  added. 

Reprecipitation  of  Molybdenum  as  Lead  Molybdate. 
Transfer  the  precipitate  back  to  the  original  beaker  by  means  of 
a  jet  of  water.  Add  10  ml.  of  ammonia  and  10  ml.  of  30  per  cent 
hydrogen  peroxide,  dilute  to  75  ml.,  and  boil  until  the  evolution 
of  oxygen  ceases.  Filter  through  the  original  paper  and  wash  the 
paper  and  small  residue  with  hot  ammonia  (2  to  98). 

Pour  the  hot  ammoniacal  molybdenum  solution  into  100  ml. 
of  boiling  lead  acetate  buffer  mixture  slowly  while  stirring,  boil 
gently  until  the  precipitate  coagulates,  and  allow  to  settle  for  30 
minutes.  If  the  precipitate  is  small,  the  settling  period  should  be 
extended  to  several  hours  or  overnight. 

Filter  the  precipitation  on  a  close-texture  paper  containing  a 
little  paper  pulp,  wash  thoroughly  with  hot  2  per  cent  ammonium 
acetate  solution  containing  a  few  milliliters  of  acetic  acid,  and 
ignite  the  paper  and  residue  in  a  porcelain  crucible  placed  just 
inside  a  muffle  furnace  operating  at  a  dull  red  heat.  Weigh  as 
lead  molybdate  containing  26.14  per  cent  of  molybdenum. 

Analytical  Data 

The  method  was  established  by  more  than  50  experimental 
runs  on  National  Bureau  of  Standards  No.  107  Ni-Cr-Mo 
cast  iron  and  No.  Ill  Ni-Mo  steel.  The  recommended  an¬ 
alyses  for  these  materials  are : 


Sample 

TCa 

GCt 

Mn 

P 

S 

Si 

107 

2.57 

1.86 

0.706 

0.197 

0.090 

2.34 

111 

0.202 

0.662 

0.023 

0.020 

0.292 

Cu 

Ni 

Cr 

V 

Mo 

W 

107 

0.074 

0.807 

0.455 

0.015 

0.687 

0.002 

111 

0.122 

1.75 

0.272 

0.003 

0.215 

a  Total  carbon. 
b  Graphitic  carbon. 


Twelve  cooperating  analysts  reported  values  for  molyb¬ 
denum  in  the  following  ranges: 

No.  107,  0.676  to  0.70  %  Mo 

No. Ill,  0.20  to  0.223  %  Mo 


The  recommended  procedure  gave  the  following  results 
on  these  samples : 

No.  107:  0.687,0.697,0.700,0.687,0.698,0.685,0.689.  Ay.,  0.692%  Mo 
No.  Ill:  0.201,0.208,0.221,0.217,  0. 214,  0 . 216,  0. 217.  Av„  0.213%  Mo 

Discussion 

The  authors’  work  on  this  method  was  initiated  by  the  ob¬ 
servation  that  the  alpha-benzoinoxime  precipitate  is  freely 
soluble  in  fixed  alkali.  A  long  series  of  experiments  on  es¬ 
sentially  the  method  recommended,  but  using  sodium  hy¬ 
droxide  as  a  solvent,  gave  results  that  were  consistently  high 
by  0.01  to  0.05  per  cent  of  molybdenum.  The  error  was 
found  to  be  caused  by  silica  introduced  by  corrosion  of  the 
glassware  by  the  small  amount  of  caustic  used.  When  nickel 
beakers  were  substituted  for  Pyrex  the  results  were  normal. 
By  substituting  ammonium  hydroxide  for  sodium  hydroxide 
the  corrosion  of  glass  was  reduced  to  the  point  where  it  could 
be  neglected.  However,  the  precipitate  dissolves  more  slowly 
in  ammonia  than  in  sodium  hydroxide,  making  it  essential  to 
remove  it  completely  from  the  paper  for  the  treatment  with 
ammonia. 

The  small  amount  of  iron  carried  down  by  the  alpha- 
benzoinoxime  precipitate  is  partially  precipitated  by  the 
alkaline  solvent.  When  hydrogen  peroxide  is  added  the  pre¬ 
cipitation  is  complete,  allowing  the  impurities  to  be  removed 
by  the  subsequent  filtration. 

Application  of  the  Method 

Alpha-benzoinoxime  is  nearly  specific  for  molybdenum 
under  the  prescribed  conditions.  Tungsten,  tantalum,  and 
columbium  are  the  only  interfering  elements  that  might  be 
found  in  ferrous  materials.  The  authors  have  not  tested  the 
method  on  any  of  the  comparatively  rare  cases  in  which  one 
or  more  of  these  elements  is  associated  with  molybdenum, 
but  the  following  notes  should  serve  as  a  guide  when  such  com¬ 
plex  alloys  are  encountered. 

An  insoluble  residue  in  the  normally  clear  perchloric  acid 
solution  of  the  sample  is  an  indication  of  the  presence  of  inter¬ 
fering  elements.  Tantalum  or  columbium  alone  would  be  pre¬ 
cipitated  and  filtered  off.  The  determination  would  then  fol¬ 
low  its  usual  course.  If  appreciable  amounts  of  titanium  were 
also  present,  the  precipitation  of  the  earth  acids  would  be  in¬ 
complete.  The  soluble  fraction  would  be  carried  down  in  the 
first  molybdenum  precipitation.  An  abnormally  large  am¬ 
monia-insoluble  would  be  found,  and  probably  recovery  of 
occluded  molybdenum  would  be  in  order. 

The  chief  offender  is  tungsten.  In  some  cases  it  will  be 
completely  precipitated  by  the  perchloric  acid  treatment,  but 
it  is  never  safe  to  assume  this.  Any  tungsten  remaining  as  a 
soluble  complex  with  phosphorus  or  molybdenum  itself  will 
be  weighed  with  the  lead  molybdate.  Probably  the  best  line 
of  attack  on  tungsten  steels  will  include  a  preliminary  separa¬ 
tion  of  molybdenum  from  tungsten  by  hydrogen  sulfide. 
Arrington  and  Rice  (1)  have  thoroughly  covered  this  problem. 

Occasionally,  when  the  percentage  of  molybdenum  is  very 
high,  as  in  corrosion-resistant  nickel-chromium  steels,  some  of 
the  molybdenum  is  precipitated  as  the  oxide  in  the  prepared 
solution.  The  difficulty  in  such  cases  is  overcome  by  repeating 
the  determination  on  a  smaller  weight  of  sample. 

The  useful  field  of  application  of  the  recommended  pro¬ 
cedure  includes  practically  all  of  the  tungsten-free  molyb¬ 
denum-bearing  irons  and  steels. 
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THE  literature  gives  many  ternary  systems,  containing 
one  pair  of  nonconsolute  liquids  and  forming  two  liquid 
phases,  with  limited  tie-line  data;  in  order  to  obtain  further 
data  without  recourse  to  experiment,  interpolation  is  neces¬ 
sary. 

Direct  interpolation  on  a  triangular  graph  is  unsatisfac¬ 
tory,  but  it  may  be  effected  accurately  by  several  indirect 
methods. 


P 


Figure  1 


A  study  of  ternary  equilibrium  curves  for  two-liquid  phase 
systems  containing  one  pair  of  nonconsolute  liquids  makes  it 
clear  that  the  critical  point  is  not  necessarily  at  the  maximum 
of  the  isotherm,  and  hence  the  tie  lines  are  not  parallel  to  the 
base  of  the  triangle.  The  critical  point  may,  however,  be 
brought  to  the  maximum  of  the  isotherm  by  altering  the  units 
of  plotting  on  the  triangular  graph.  Hand  ( 3 )  gives  an  in¬ 
teresting  account  of  such  a  method,  whereby  tie  lines  may  be 
obtained  parallel  to  the  triangle  base  and  interpolation  is 
simplified. 

In  the  second  method  described  in  the  International  Critical 
Tables  (4),  lines  are  drawn  from  conjugate  points  of  a  tie 
fine  parallel,  respectively,  to  the  two  sides  of  the  triangle  and 
intersecting  at  a  point.  By  repeating  for  other  tie  fines,  a 
series  of  points  is  obtained  forming  a  conjugate  curve  from 
which  tie  lines  may  be  interpolated. 

A  similar  method  has  been  described  by  Sherwood  (11),  in 
which  a  line  is  drawn  from  one  conjugate  point  parallel  to  the 
base,  to  intersect  a  second  fine  from  the  other  conjugate  point 
parallel  to  the  side  of  the  triangle.  A  series  of  points  of  in¬ 
tersection  for  several  tie  fines  may  be  joined  to  form  a  con¬ 
jugate  curve  from  which  other  tie  fines  may  be  interpolated. 

In  what  appear  to  be  the  most  accurately  determined 
systems  (8,  6,  14,  15,  19),  the  tie  fines  may  be  produced  to  a 
point  focus  on  the  extended  base  fine  of  the  triangle.  In 
many  systems,  however,  the  tie  fines  when  produced  do  not 
exhibit  such  a  point  focus,  while  in  other  systems  the  ex- 


Table  I.  Ternary  Systems 


System 

Tempera- 

Reference 

No. 

ture,  °  C.  System 

No. 

1 

25 

Benzene-acetic  acid-water 

(3,  5,  16) 

2 

25 

Acetone-chloroform-water 

(3) 

3 

25 

Toluene-acetic  acid-water 

(19) 

4 

25 

Toluene— methyl  alcohol-water 

(6) 

5 

6 

7 

25 

l|] 

Acetic  acid-chloroform-water 

(21) 

n-Butyl  alcohol-water-methyl  alcohol 

(9) 

8 

9 

30  J 
30 

Triethylamine-water— ethyl  alcohol 

(7) 

10 

30 

Triethylamine-water-diethyl  ether 

(7) 

11 

30 

Triethylamine- water-phenol 

(7) 

12 

25 

Pyridine-benzene-water 

(20) 

13 

Wrater-ethyl  acetate-methyl  alcohol 

(2) 

14 

0 

Water-ethyl  acetate-ethyl  alcohol 

(2) 

15 

and 

Water-ethyl  acetate-isopropyl  alcohol 

(2) 

16 

20 

Water-ethyl  acetate-n-propyl  alcohol 

(2) 

17 

Water-ethyl  acetate-£er<-butyl  alcohol 

(2) 

18 

25 

Ethyl  alcohol-cyclohexane-water 

(IS) 

19 

25 

Methyl  alcohol-cyclohexane-water 

(18) 

20 

25 

Benzene-ethyl  alcohol-water 

(1,  U,  IT) 

21 

40  to  60  Water-ethyl  alcohol-isoamjd  alcohol,  etc. 

(4) 

22 

25 

Glvcol-xylene-acetone 

(12) 

23 

27 

Glycol-toluene-acetone 

(12) 

24 

23 

Glycol-chlorobenzene-acetone 

(12) 

25 

25 

Glycol-bromobenzene-acetone 

(12) 

26 

27 

Glvcol-benzene-acetone 

(12) 

27 

22 

Glvcol-nitrobenzene-acetone 

(12) 

28 

0  and  25  Ethyl  alcohol-ethyl  ether-water 

(8) 

29 

25 

Water-hvdrogen  bromide-isoamyl  alcohol 

(10) 

30 

25 

Water-hydrogen  bromide-isobutyl  alco¬ 
hol 

(10) 

31 

25 

Water-hydrogen  chloride-isobutyl  alcohol 

(10) 

32 

25 

W ater-hy drogen  chloride-cyclohexan  one 

(10) 

33 

25 

Water-hydrogen  iodide-isobutyl  alcohol 

(10) 

Figure  2 
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tended  tie  lines  appear  to  be  tangential  to  a  curve,  as  shown 
by  Van  Dyck  and  Saal  (13). 

Insufficient  information  is  available  at  the  moment  to  de¬ 
termine  whether  the  point  focus  is  a  general  case  and  whether 
any  deviations  therefrom  in  a  particular  system  may  be  due, 
as  is  not  completely  improbable,  to  inaccurate  tie-line  data,  to 
the  presence  of  an  unsuspected  fourth  component  as  an  im¬ 
purity,  or  to  compound  formation. 

Of  these  methods,  the  first  three  necessitate  a  knowledge 
of  a  considerable  amount  of  tie-line  data.  The  fourth  method, 
where  applicable,  requires  only  a  knowledge  of  one  accurately 
determined  tie  fine.  The  method  described  in  the  present 
paper  requires  only  a  knowledge  of  two  accurately  determined 
tie  lines. 

If  the  weight  percentages  of  the  two  nonconsolute  liquids 
are  plotted  on  rectangular  coordinates  the  binodal  curve  ap¬ 
proximates  a  rectangular  hyperbola.  This  is  shown  in  Figure 
1,  for  the  system  benzene-ethyl  alcohol-water  due  to  Varteres- 
sian  and  Fenske  (14),  where  benzene  and  water  are  the  two 
nonconsolutes.  Points  representing  tie-line  data  are  located 
on  the  curve  and  numbered.  Corresponding  numbers  are  on 


opposite  branches  of  the  hyperbola.  These  correspondingly 
numbered  points  can  be  joined  to  form  tie  fines. 

A  plot  of  weight  percentage  of  the  first  nonconsolute  con¬ 
stituent  in  one  liquid  phase  against  the  weight  percentage  of 
the  second  nonconsolute  constituent  in  the  other  liquid  phase 
in  equilibrium  with  the  first  gives  a  smooth  tie-line  curve. 
This  tie-fine  curve,  KP  in  Figure  1,  intersects  the  isotherm  at 
the  critical  point,  K,  and  from  its  form  would  appear  to  have 
exponential  characteristics. 

With  two  exceptions,  the  thirty-three  ternary  systems  given 
in  Table  I  gave  tie-fine  curves  of  similar  form.  The  two  ex¬ 
ceptions  are  pyridine-benzene-water  (20)  and  ethyl  ether- 
ethyl  alcohol-water  (8),  in  both  of  which  a  change  in  the  slope 
or  direction  of  the  tie  fines  occurs.  Anomalies  of  this  nature 
have  been  explained  on  the  assumption  of  compound  forma¬ 
tion  in  the  liquid  system,  analogous  to  that  said  to  occur  in 
the  lead-tin-zinc  system  described  by  Wright  (21).  In  the 
opinion  of  the  authors  the  most  probable  explanation  of  these 
exceptions  is  that  the  experimental  data  available  for  the  two 
systems  are  inaccurate.  Tins  is  undoubtedly  the  case  for  the 
pyridine-benzene-water  system  (20) . 


Figure  3 
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Instead  of  deriving  a  general  expression  which  would  apply 
;o  such  tie-line  curves  in  normal  ternary  systems,  a  selected 
iystem  was  employed  as  a  standard,  and  a  chart  was  con¬ 
structed  which  would  reduce  all  tie-line  curves  to  straight 
ines.  As  a  standard  it  was  necessary  to  employ  an  accurately 
letermined  system  from  a  reliable  source.  Several  such 
systems  are  given  in  the  more  recent  literature  (9,  14,  19). 

The  system  finally  selected  was  toluene-acetic  acid-water, 
lue  to  Woodman  (19).  In  this  system,  water  and  toluene  are 
;he  two  nonconsolute  liquids  and  a  plot  of  weight  per  cent 
)f  the  first  nonconsolute  constituent,  in  this  case  toluene,  as 
jrdinate  against  weight  per  cent  of  second  nonconsolute  con¬ 
stituent,  water,  as  abscissa  gives  the  usual  tie-line  curve 
shown  in  Figure  2.  This  curve  terminates  in  the  critical  point, 
K.,  and  the  point,  P,  which  represents  the  mutual  solubility  of 
soluene  and  water. 

The  tie-line  curve  reduced  to  a  straight  line  must  contain 
joth  K  and  P.  Therefore  K  and  P  may  be  j  oined  by  a  straight 
ine  and  a  special  weight  percentage  vertical  scale  constructed 
,o  replace  the  original  ordinate  as  shown  in  Figure  2.  Using 
she  original  vertical  scale  on  the  left  of  Figure  2  in  conjunc- 
ion  with  the  tie-line  curve  and  straight  line  KP,  the  new 
vertical  scale  on  the  right  of  the  figure  is  obtained  by  the  con¬ 
struction  shown  as  dotted  lines  on  the  figure.  In  this  way  a 
•hart  is  obtained  on  which  the  toluene-acetic  acid-water  tie- 
ine  data  can  be  plotted  as  a  straight  fine. 

It  was  found  that  the  tie-fine  data  of  other  systems,  when 
dotted  on  this  chart,  also  gave  straight  fines.  Examples  based 
>n  data  in  the  literature  for  the  ternary  systems  detailed  in 
rable  I  were  tested  and,  with  the  exception  of  the  two  anoma- 
ous  systems  already  mentioned,  gave  straight  fines  as  shown 
n  Figure  3.  To  avoid  confusion,  only  a  portion  of  the  systems 
letailed  in  Table  I  appear  in  Figure  3. 

It  follows,  therefore,  that  by  employing  a  chart  of  this  na- 
ure  the  determination  of  tie-fine  data  resolves  itself  into 
he  determination  of  the  critical  point  and  of  the  mutual  solu¬ 
bility  of  the  two  nonconsolute  constituents.  The  mutual 
lolubifity,  together  with  one,  or  better  two,  experimentally 
letermined  tie  fines  would  be  equally  suitable  and  might 
>ften  be  preferred,  owing  to  the  difficulty  in  determining 
he  critical  point. 

Although  the  proposed  method  appears  to  be  applicable 
a  the  systems  cited,  twenty-six  of  these  thirty-three  systems 
lontain  water  as  one  of  the  three  components  and,  until  data 
or  more  nonaqueous  systems  are  available  to  test  the  pro- 
josed  method  more  completely,  general  applicability  cannot 
)e  claimed.  The  proposed  method  has  been  applied  only  to 
;ernary  systems  of  two  liquid  phases  containing  a  closed 
binodal  curve  and  having  a  single  pair  of  nonconsolute  con¬ 
stituents.  There  would,  however,  appear  to  be  no  reason 
vhy  the  method  should  not  be  applied  to  ternary  systems  of 
wo  liquid  phases  containing  two  or  three  binodal  curves  and 
laving  two  or  three  pairs  of  nonconsolute  constituents, 


always  providing  the  closed  binodal  curves  defining  the 
areas  of  heterogeneity  do  not  overlap. 

An  interesting  case  is  that  of  a  two-liquid-phase  ternary 
system  having  two  pairs  of  nonconsolute  constituents,  where 
the  area  of  heterogeneity  is  defined  by  a  band.  An  example 
of  this  is  the  system  aniline-heptane-methyl  cyclohexane  at 
25°  C.,  studied  by  Yarteressian  and  Fenske  (14) •  The  treat¬ 
ment  of  systems  of  this  type  in  a  manner  similar  to  that  de¬ 
scribed  above  for  systems  having  a  closed  binodal  curve 
could  not  be  tried,  owing  to  lack  of  data  in  the  literature. 
The  use  of  a  chart  constructed  from  a  system  where  the  area 
of  heterogeneity  is  defined  by  a  band  would  be  necessary  to 
try  out  the  proposed  method  for  such  cases. 

A  chart  constructed  from  a  system  where  the  area  of  hetero¬ 
geneity  is  defined  by  a  closed  curve  could  hardly  be  applied 
to  the  band-type  system,  and  the  plotting  of  Varteressian 
and  Fenske’s  data  for  anifine-heptane-cyclohexane  on  the 
chart,  constructed  as  described  above,  does  not  yield  a 
straight  fine.  The  conjugate  curves  obtained  for  the  aniline- 
heptane-cyclohexane  system  by  the  method  of  Sherwood  (11) 
and  by  that  described  in  the  International  Critical  Tables  (4) 
are  both  straight  fines.  If  this  were  general  for  band-type 
systems  it  would  afford  a  simple  method  of  obtaining  tie 
fines  from  a  knowledge  of  the  mutual  solubilities  of  the  two 
pairs  of  nonconsolute  constituents. 
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Tie  Lines  in  Ternary  Liquid  Systems 

IRVIN  BACHMAN 

U.  S.  Industrial  Chemicals,  Inc.,  Fairfield,  Md. 


THE  direct  interpolation  of  tie-line  data  on  ternary  system 
graphs  is  inaccurate.  Most  methods  of  indirect  inter¬ 
polation  require  considerable  experimental  data.  The  method 
of  Brancker,  Hunter,  and  Nash  (1),  which  requires  only  two 
experimentally  determined  tie  lines,  reduces  tie-line  curves  to 
straight  lines  by  adopting  a  variably  dimensioned  ordinate 
axis  based  arbitrarily  on  Woodman’s  (5)  data  for  the  toluene- 
acetic  acid-water  system.  This  method  requires  consider¬ 
able  plotting  to  obtain  the  dimensions  of  the  ordinate  axis. 

The  method  described  in  the  present  paper  requires  only 
two  experimentally  determined  points  and  reduces  tie-line 
curves  to  straight  lines  on  rectangular  coordinates. 

If  A  and  B  are  the  nonconsolute  components  of  a  ternary 
liquid  system,  then  a  plot  of  weight  per  cent  A  in  the  A -rich 
layer  against  weight  per  cent  B  in  the  B-rich  layer  will  produce, 
as  Brancker,  Hunter,  and  Nash  pointed  out,  a  typical  tie-line 
curve.  The  equation  of  these  curves,  we  find,  is 

xy  =  ax  +  by  (1) 


where  x  =  weight  per  cent  A 
y  =  weight  per  cent  B 
a  and  b  =  constants 

This  equation,  when  written  in  the  form 

x  =  ax/y  +  b  (2) 

shows  that  a  plot  of  x  against  the  ratio  of  x  to  y  will  produce  a 
straight  line.  Consequently,  if  weight  per  cent  A  of  the  A -rich 
layer  is  plotted  against  the  ratio  of  weight  per  cent  A  of  the  A- 
rich  layer  to  weight  per  cent  B  of  the  B-rich  layer,  a  straight  line 
should  result. 

Figures  1  and  2  show  such  plots  for  a  number  of  ternary 
systems.  For  convenience,  the  lines  are  plotted  to  different 
ordinate  scales  on  the  same  diagram,  and  their  positions, 
therefore,  bear  no  relation  to  each  other.  A  few  points  which 
fail  to  fall  in  line  are  near  the  critical  point  or  near  the  maxi¬ 
mum  of  the  equilibrium  curve.  The  accurate  determination 
of  tie  lines  in  these  regions  is  difficult  and  the  experimental 
data  are  probably  in  error. 


Figure  1 
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FIGURE  2 


The  use  of  the  above  method  in  conjunction  with  the 
reviously  determined  equilibrium  curve  to  interpolate  tie- 
ne  data  is  simple  and  rapid.  From  the  two  experimentally 
etermined  tie  lines  the  straight  line  plot  is  drawn  as  shown 
l  the  diagrams.  The  ratio  of  A  to  B  may  be  read  from  the 
raphs  for  any  given  value  of  A.  The  value  of  B  is  then 
ladily  calculated.  The  values  of  A  and  B  are  sufficient  to 


Table  I. 

System 

Ternary  Systems  Shown  in  Figures  1  and  2 

Reference 

No. 

System 

No. 

1 

Benzene-alcohol- water  at  20°  C. 

3) 

2 

Toluene-alcohol-water  at  20°  C. 

(3) 

3 

Benzene-acetic  acid-water  at  25°  C. 

(3) 

4 

Chloroform-acetone-water  at  25°  C. 

(3) 

5 

Chloroform-acetic  acid-water  at  25°  C. 

(6) 

6 

Benzene-alcohol-water  at  25°  C. 

U) 

7 

Toluene-acetic  acid-water  at  25°  C. 

(5) 

locate  the  compositions  of  the  conjugate  solutions  on  the 
ternary  equilibrium  curve. 

As  an  alternative  method,  Equation  2  may  be  solved  for 
the  values  of  the  constants  a  and  b  from  the  known  values  for 
x  and  y.  The  relationship  between  the  nonconsolute  composi¬ 
tions  shown  by  Equation  2  may  yield  a  valuable  clue  as  to 
the  nature  of  equilibrium  laws  governing  ternary  systems. 
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A  Qualitative  Test  for  Oxygen  in  Organic 

Compounds 

DAVID  DAVIDSON 
Brooklyn  College,  Brooklyn,  N.  Y. 


IN  KAMM’s  (7)  popular  scheme  of  qualitative  organic 
analysis,  indifferent  compounds  (those  insoluble  in  water, 
dilute  potassium  hydroxide,  and  dilute  hydrochloric  acid)  are 
divided  on  the  basis  of  element  tests  into  two  groups,  one 
containing  nitrogen  and  sulfur  compounds  and  the  other 
hydrocarbons  and  their  oxygen  derivatives.  (Halogens  may 
also  be  present  in  either  group.)  The  second  group  is  then 
further  classified  into  two  subgroups  on  the  basis  of  solubility 
in  cold  concentrated  sulfuric  acid.  Paraffins  and  aromatic 
hydrocarbons  (and  their  halogen  derivatives)  are  generally 
insoluble  in  this  medium,  while  oxygen-containing  compounds 
(alcohols,  ethers,  aldehydes,  ketones,  esters,  etc.)  generally 
dissolve  in  or  at  least  react  noticeably  with  this  solvent. 

This  solubility  test  with  cold  concentrated  sulfuric  acid  is, 
therefore,  essentially  a  qualitative  test  for  oxygen  (nitrogen 
and  sulfur  being  excluded).  However,  many  unsaturated 
hydrocarbons  (olefins,  acetylenes,  etc.)  dissolve  in  or  react 
with  this  reagent  and  thus  fall  into  the  same  analytical  group 
as  the  oxygen  compounds.  An  effort  to  reduce  the  bulk  of 
this  sulfuric  acid-soluble  group  was  made  by  Shriner  and 
Fuson  {18)  who  suggested  the  use  of  85  per  cent  phosphoric 
acid  as  an  auxiliary  solvent  for  liquid  substances  soluble  in 
sulfuric  acid.  This  solvent  serves  to  eliminate  most  un¬ 
saturated  hydrocarbons  but,  unfortunately,  also  so  many  oxy¬ 
gen  compounds  as  to  make  its  use  of  doubtful  value. 

Two  types  of  exceptions  to  the  general  rules  for  solubility 
in  concentrated  sulfuric  acid  are  illustrated  by:  (1)  false 
negative  tests,  in  which  aromatic  ethers  such  as  diphenyl 
ether  and  halogenated  olefins  such  as  tetrachloroethylene  do 
not  dissolve;  and  (2)  false  positive  tests,  in  which  “pseudo 
salts”  such  as  triphenylchloromethane  dissolve  (with  the 
evolution  of  hydrogen  chloride) . 

Aside  from  these  exceptions,  difficulties  are  often  experi¬ 
enced  by  students  in  testing  solid  compounds.  Thus,  solid 
alcohols  (such  as  cetyl  alcohol  or  p-tolyl  carbinol)  which  react 
with  sulfuric  acid  to  form  solid  products  may  appear  to  be  in¬ 
soluble.  This  difficulty  may  usually  be  avoided  by  using 
very  finely  divided  material  and  rubbing  it  vigorously  against 
the  wall  of  the  test  tube  during  the  test.  On  the  other  hand, 
since  some  time  must  be  allowed  under  these  conditions  even 
for  a  truly  soluble  solid,  certain  aromatic  hydrocarbons  which 
sulfonate  readily  (acenaphthene,  anthracene)  may  appear  to 
be  soluble. 

All  in  all,  it  appears  that,  in  spite  of  Kamm’s  view  that 
tests  for  oxygen  are  unnecessary  (7,  p.  137),  these  circum¬ 
stances  warrant  a  search  for  a  satisfactory  qualitative  test  for 
this  element  in  organic  compounds  or,  at  least,  in  those  con¬ 
taining  neither  nitrogen  nor  sulfur.  While  this  paper  was  in 
preparation  an  article  by  Bowen,  Bourland,  and  Degering  {2) 
appeared,  describing  a  qualitative  test  for  oxygen  in  organic 
compounds  based  on  the  formation  of  carbon  dioxide  on  heat¬ 
ing  the  compound  with  carbon.  Since  the  compounds  tested 
are  not  mentioned,  the  generality  of  the  test  cannot  be  judged. 
Both  air  and  water  interfere  with  the  test,  entailing  consider¬ 
able  care  in  its  execution. 

Piccard  {10)  suggested  taking  advantage  of  the  varied  color 
of  iodine  solutions  in  hydrocarbons  (violet)  and  in  oxygen 
compounds  (brown).  The  very  dilute  solutions  recom¬ 
mended  (1  to  1,000,000)  required  examining  a  long  length  of 


solution  (90  cm.),  which  is  cumbersome.  Although  Clarke  (3) 
modified  this  inconvenient  procedure  (using  10  cc.  of  1  to 
40,000  solution  in  a  test  tube),  the  method  does  not  appear  to 
have  come  into  general  use.  A  cursory  trial  by  the  writer 
indicated  difficulty  with  the  two-color  comparison  of  Piccard 
and  Hermann  {11),  who  found  the  color  of  solutions  dependent 
on  the  temperature.  This  led  to  the  thought  that  if  a  colored 
substance  could  be  found  which  was  soluble  in  oxygen  com¬ 
pounds  but  insoluble  in  hydrocarbons  an  inverse  solubility 
test  might  be  employed  as  a  qualitative  test  for  oxygen,  which 
would  involve  only  one  color. 

A  New  Test 

The  recollection  that  the  so-called  ferric  thiocyanate  (ferric 
hexathiocyanatoferriate,  12)  can  be  extracted  with  ether  from 
aqueous  solution  prompted  its  trial.  Solid  ferric  thiocyanate 
prepared  by  evaporating  an  ether  solution  proved  to  be  in¬ 
soluble  in  common  hydrocarbons  and  their  halogen  deriva¬ 
tives  but  soluble  in  the  widest  variety  of  oxygen  compounds. 
The  literature  of  this  salt  revealed  numerous  earlier  observa¬ 
tions  on  its  solubility  in  organic  liquids.  As  will  be  seen  from 
Table  I,  these  point  directly  to  the  application  suggested  in 
this  paper. 

To  avoid  the  unwieldy  systematic  nomenclature,  as  well  as 
the  inaccurate  designation  ferric  thiocyanate,  it  is  proposed 
to  term  the  test  described  in  this  paper  the  “ferrox”  test. 
A  more  convenient  method  of  applying  the  ferrox  test  is  by 
means  of  filter  paper  impregnated  with  the  complex  salt. 


Table  I.  Solubility  of  Ferric  Thiocyanate  in  Organic 

Solvents 

Soluble  Insoluble 

Ethyl  alcohol  (I,  4)  Chloroform  (8,  9,  14),  bromoform  (8) 

Isoamyl  alcohol  (I,  5,  8,  9,  14)  Carbon  tetrachloride  (14) 

Ethyl  ether  (I,  4,  9,  14)  Ethylene  dibromide  (8) 

Acetone  (8)  Pentane  (14).  petroleum  ether  (14) 

Ethyl  acetate  (9)  Amylenes  (6) 

Amyl  acetate  (8)  Benzene  (8,  9,  14)a 

Toluene  (8),  xylene  (8) 

°  Contrary  to  these  reports,  Schlesinger  and  Van  Valkenburgh  (IS)  claim 
to  have  dealt  with  solutions  of  ferric  thiocyanate  in  benzene.  In  the  present 
study  benzene  remained  absolutely  colorless  in  the  presence  of  ferric  thio- 
oyanate. 


Procedure 

One  gram  of  ferric  chloride  and  1  gram  of  potassium  thiocya¬ 
nate  are  dissolved  separately  in  10  cc.  of  methanol,  and  the  solu¬ 
tions  are  mixed  and  filtered  to  remove  the  precipitated  potassium 
chloride.  Filter  paper  is  drenched  with  the  resulting  solution 
and  air-dried.  More  than  one  dipping  may  be  necessary  to  pro¬ 
duce  a  product  having  a  greenish  reflex  resembling  fuchsine  crys¬ 
tals.  The  paper  is  then  cut  into  small  squares  (5  mm.)  and  pre¬ 
served  in  a  well-stoppered  container  protected  from  sunlight, 
Under  such  conditions  the  test  paper  may  be  preserved  for 
months. 

In  carrying  out  the  test  a  small  square  of  the  ferrox  paper  ie 
stirred  with  a  few  drops  of  the  liquid  to  be  tested.  Solids  are 
tested  as  saturated  solutions  in  hydrocarbons  (or  halogenated 
derivatives)  in  which  appreciable  solubility  is  observed.  (Cau¬ 
tion:  Commercial  chloroform  contains  alcohol  as  a  preserva¬ 
tive.)  A  positive  test  is  evidenced  by  a  deep  wine-colored  solu¬ 
tion;  hence  traces  of  oxygen  compounds  in  hydrocarbons  may  be 
detected.  Mineral  acids  and  hydrogen  peroxide  bleach  ferrox 
paper. 
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Results 

Positive  tests  were  obtained  with  numerous  oxygen  com¬ 
pounds,  including:  benzyl,  allyl,  cetyl,  and  tert-amyl  alcohols, 
jyclohexanol,  glycerol,  cholesterol,  n-amyl  ether,  methyl- 
j-cresyl  ether,  phenetole,  benzaldehyde,  piperonal,  aceto¬ 
phenone,  benzophenone,  2-acetonaphthone,  camphor,  ethyl 
penzoate,  butyl  phthalate,  butyl  oleate,  ethyl  chloroacetate, 
plive  oil,  cottonseed  oil,  stearic  acid,  and  benzoic  anhydride. 
Negative  tests  were  obtained  with  hexane,  mineral  oil,  terpin- 
sne,  pinene,  benzene,  toluene,  anthracene,  washed  chloroform, 
:arbon  tetrachloride,  bromoform,  s-dichloroethylene,  allyl 
:hloride,  propylene  chloride,  tert- amyl  chloride,  isoamyl 
odide,  benzyl  chloride,  1-bromonaphthalene,  diphenyl  ether, 
nethyl  naphthyl  ether,  and  triphenyl  carbinol. 

These  results  confirm  those  reported  in  Table  I  and  indicate 
hat  positive  results  are  always  reliable  but  that  false  nega- 
-ives  are  obtained  with  certain  aromatic  ethers  such  as  di¬ 
phenyl  ether  and  with  triphenyl  carbinol.  Several  alkyl 
lalides  supplied  by  a  well-known  manufacturer  were  found  to 
>e  contaminated  with  oxygen  compounds — namely,  cyclo- 
lexyl  chloride,  cyclohexyl  bromide,  n-amyl  bromide,  (erf-butyl 
hloride,  isobutyl  bromide,  and  (erf-butyl  bromide.  The  test 
pas  been  useful  in  checking  the  quality  of  student  preparations 
if  alkyl  halides  (butyl  bromide  and  (erf-butyl  chloride) ,  as  well 
-s  to  detect  the  contamination  of  mineral  oil  by  vegetable 
iil. 

The  ferrox  test  is  designed  for  use  with  compounds  falling 
a  to  Kamm’s  analytical  group  known  as  “indifferent  com¬ 
pounds  of  C,  H,  and  C,  H,  0  ( 7 )”.  The  absence  of  elements 
ither  than  these  (except  halogens)  must  be  assured.  Nitro- 
;en  compounds  such  as  the  amines  dissolve  the  reagent.  Few 
ulfur  compounds  have  been  tested,  but  among  these  carbon 
lisulfide  reacts  negatively  while  benzyl  sulfide  yields  a  positive 
est. 


Summary 

A  qualitative  test  for  oxygen  in  organic  compounds  con¬ 
taining  neither  nitrogen  nor  sulfur  is  based  on  the  general 
solubility  of  ferric  hexathiocyanatoferriate  (so-called  ferric 
thiocyanate)  in  oxygen  derivatives  as  contrasted  with  its 
complete  insolubility  in  hydrocarbons  and  their  halogen 
derivatives. 

The  name  “ferrox”  is  proposed  for  this  test.  The  ferrox 
test  is  suitable  for  the  detection  of  small  amounts  of  oxygen 
compounds  in  hydrocarbons  or  their  halogen  derivatives. 

The  claim  of  Schlesinger  and  Van  Valkenburgh  that  ferric 
hexathiocyanatoferriate  dissolves  in  benzene  could  not  be  con¬ 
firmed. 
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Qualitative  Spectrographic  Analysis  in  the  Arc, 

with  Graphite  Electrodes 

W.  C.  PIERCE,  O.  RAMIREZ  TORRES,  AND  W.  W.  MARSHALL,  University  of  Chicago,  Chicago,  Ill. 


The  methods  and  apparatus  used  for 
qualitative  spectrographic  analysis  with  a 
direct  current  arc  are  described.  From 
comparative  studies  of  anode  and  cathode 
excitation  it  is  concluded  that  anode  exci¬ 
tation  is  generally  preferable.  The  factors 
affecting  the  sensitivity  of  detection  of  an 
element  are  discussed,  and  sensitivity  data 
are  given  for  typical  analyses. 

rHE  direct  current  arc,  between  graphite  electrodes,  is 
the  most  widely  applicable  source  for  qualitative  spec- 
rographic  analysis.  This  source  may  be  used  equally  well 
ir  metals  and  alloys,  nonconducting  solids,  and  solutions, 
because  of  the  general  usefulness  of  the  arc  method  a  study 
as  been  made  of  its  applications  and  limitations. 

Equipment 

A  quartz  Littrow  spectrograph  (Hilger  El)  is  used  for  this 
''ork,  since  in  many  analyses  smaller  instruments  do  not  possess 
ufficient  dispersion.  Accessory  equipment  includes  an  optical 


bench  permanently  aligned  with  the  slit,  a  hood  to  enclose  the 
arc,  a  lens  system  for  slit  illumination,  an  electrode  holder,  and  a 
reducing  sector.  The  complete  assembly  is  shown  in  Figure  1. 

The  hood  is  particularly  important,  for  protection  of  the 
operator  from  light  and  fumes  and  of  the  sample  from  contamina¬ 
tion  by  vaporized  metals  from  previous  samples.  When  an  ader 
quate  ventilating  fan  is  available,  the  open-back  type,  shown  in 
Figure  1,  is  recommended  because  it  permits  ready  access  to  the 
arc  controls  at  all  times.  There  is  a  dark-glass  window  on  the 
side  near  the  operator  and  a  2-cm.  opening  on  the  front. 

The  source  is  a  220- volt  generator.  Experience  has  shown  that 
steadier  arc  operation  is  obtained  with  220  volts  than  with  a 
110- volt  supply,  although  the  arc  drop  is  only  45  volts,  at  10 
amperes.  Two  22-ohm  resistors  in  series  with  the  arc  are  used 
for  current  control.  One  of  the  resistors  may  be  shorted,  with  a 
snap  switch,  so  that  the  current  can  be  instantly  changed  from 
5  to  10  amperes  after  the  arc  is  started. 

Various  types  of  slit  illumination  have  been  tested;  the 
lens  arrangement  of  Twyman  and  Simeon  (4)  as  shown  in 
Figure  2  has  been  found  very  satisfactory,  particularly  if 
the  same  arrangement  is  to  be  used  for  both  qualitative  and 
quantitative  analyses. 

The  first  lens,  Lh  forms  a  sharp  image  of  the  electrodes  on  a 
screen  which  has  an  opening  3  mm.  in  height.  Only  the  light 
passing  this  opening  reaches  the  slit;  the  electrode  heights  are 
so  adjusted  that  the  light  from  the  incandescent  carbons  is  inter- 
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Figure  1.  Accessory  Equipment 


trades  contain  boron  and  silicon  in  appreciable  amounts,  and 
traces  of  copper,  calcium,  magnesium,  and  sodium.  A  prelimi¬ 
nary  1-minute  arcing  at  10  amperes  will  remove  nearly  all  the 
copper  and  sodium,  greatly  reduce  the  amount  of  magnesium 
and  calcium,  and  to  some  extent  reduce  the  amounts  of  silicon 
and  boron.  This  treatment  is  not  advisable  when  the  electrode 
is  to  be  used  for  the  analysis  of  solutions,  since  it  leaves  the 
graphite  in  a  very  porous  condition. 

The  treated  electrodes  are,  except  for  boron  and  silicon,  as 
free  of  impurities  as  any  of  the  spectroscopically  pure  grades 
which  were  tested.  In  fact,  use  of  the  treated  electrodes  is  often 
advantageous  because  when  electrodes  are  purchased  in  a  puri¬ 
fied  condition  they  may  become  contaminated  in  the  drilling 
operation.  The  acid  treatment  is  inexpensive  and  requires  little 
of  the  operator’s  time.  For  silicon  and  boron  analyses  purified 
graphite  electrodes  made  by  high-temperature  treatment  in 
vacuo,  by  the  Dow  Chemical  Company,  are  the  best  that  have 
been  tested.  Copper  electrodes  may  also  be  used  for  boron 
analyses. 

Two  sizes  of  electrodes  are  recommended,  6.3  mm.  (0.25  inch) 
for  use  with  solutions,  and  4.8  mm.  (0.187  inch)  for  use  with  solid 
samples.  Before  purification  craters  varying  in  depth  from  5  to 
12  mm.  are  drilled  in  the  lower  electrodes.  An  assortment  of 
depths  is  prepared  with  each  batch.  The  crater  wall  is  made  as 
thin  as  possible  in  the  electrodes  for  use  with  solid  samples,  to 
reduce  the  amount  of  carbon  which  is  vaporized  during  the  arcing 
of  the  sample.  A  wall  thickness  of  about  0.8  mm.  is  used  in  the 
electrodes  prepared  for  the  analysis  of  solutions  to  prevent 
leakage  of  solution  through  the  wall.  The  drill 
is  set  in  an  end  cutting  tool,  so  that  the  depth 
of  the  crater  is  automatically  regulated,  and 
the  top  edge  is  made  flat  in  the  single  opera¬ 
tion.  Drilling  is  done  in  a  lathe,  with  the  drill 
stationary  and  the  electrode  rotated  at  high 
speed. 


eepted  by  the  screen,  and  the  central  portion  of  the  arc  column 
is  used  for  illumination.  The  second  lens,  L2,  is  arranged  to 
project  a  slightly  convergent  beam  onto  the  slit.  To  adjust  the 
position  of  this  lens  the  slit  is  opened  wide  and  the  lens  so  placed 
that  the  projection  of  the  screen  opening  just  fills  the  collimator 
lens.  The  advantages  of  this  illumination  system  are:  (1)  The 
intensity  is  high,  (2)  the  slit  is  uniformly  illuminated  from  top 
to  bottom,  (3)  wandering  of  the  arc  does  not  affect  spectrum 
intensity  nearly  so  much  as  when  a  single  lens  is  used  for  slit 
illumination,  and  (4)  background  is  reduced  by  keeping  the  light 
of  the  glowing  electrodes  from  the  spectrograph. 

The  arc  stand,  Figure  3,  was  designed  to  give  instantaneous 
control  of  the  arc  position  at  all  times. 


Cathode  vs.  Anode  Excitation 

Comparative  studies  have  been  made  of 
anode  and  cathode  excitation  for  2-mg.  sam¬ 
ples  of  analyzed  bronze,  silicon,  and  dolo¬ 
mite,  and  for  electrode  blanks.  The  electrodes 
were  3  mm.  in  diameter,  since  that  size  is 
recommended  for  use  with  the  cathode  layer 
method  (I).  Duplicate  spectra  were  taken  by  the  following 
arrangements : 


1.  An  enlarged  image  of  the  cathode  region  of  the  arc  was 
projected  onto  the  slit,  by  use  of  a  single  lens.  The  lower  elec¬ 
trode,  containing  the  sample,  was  made  the  cathode. 

2.  The  sample  was  placed  in  the  anode,  and  the  central  por¬ 
tion  of  the  arc  column  was  used  as  source,  employing  the  same 
lens  arrangement  as  above. 

3.  The  Twyman-Simeon  lens  arrangement  was  used,  with 
sample  in  cathode.  The  cathode  region  of  the  arc  column  was 
permitted  to  pass  the  screen. 

4.  With  the  lens  arrangement  as  above,  the  sample  was 
placed  in  the  anode,  and  the  central  portion  of  the  arc  column 
used  for  illumination. 


Vertical  adjustments  of  the  two  electrodes  are  separately 
made  by  a  rack  and  pinion  movement.  Horizontal  adjustment  of 
the  two  electrodes  is  made  simultaneously  by  turning  the  stand, 
which  is  set  in  a  socket  clamp  on  the  optical  bench.  Details  of 
construction  are  apparent  in  the  photograph.  The  side  arms  are 
12.5-mm.  brass  rods,  15  cm.  in  length,  insulated  by  mounting  on 
Bakelite  blocks.  The  insulation  has  been  found  sufficient  for 
use  with  an  alternating  current  arc  at  2200  volts,  and  for  a  moder¬ 
ately  high  voltage  spark.  The  electrodes  are  carried  by  thin- 
walled  stainless-steel  adapters,  7  cm.  in  length,  which  form 
spring  clamps  to  grip  the  tips  of  the  carbon  rods.  These  adapters 
are  advantageous  in  permitting  rapid  changing  of  electrodes,  in 
protecting  the  insulation  from  high  temperatures,  and  in  economy 
of  electrode  material  (the  projecting  portion  of  the  electrode  need 
not  exceed  10  mm.  in  length).  An  alignment  pointer,  shown 
between  the  two  arms,  is  used  for  making  height  adjustments 
before  an  exposure.  During  the  exposure  the  pointer  is  swung 
to  one  side. 

Electrodes  prepared  from  commercial  Acheson  graphite  rods 
are  used  for  most  analyses.  They  are  purified  by  refluxing  for 
two  10-hour  periods  in  equal  parts  of  nitric  and  hydrochloric 
acids,  then  by  refluxing  in  6  M  hydrochloric  acid,  with  a  change 
every  10  hours,  until  a  test  spectrum  shows  sufficient  purity. 
Finally  the  electrodes  are  rinsed  in  distilled  water  and  dried  on 
a  hot  plate  in  a  porcelain  evaporating  dish.  The  treated  elec- 


The  spectra  obtained  were  inspected  for  lines  showing 
cathode  enhancement,  lines  appearing  only  in  the  cathode 
region,  and  relative  sensitivity  in  the  various  arrangements. 
The  conclusions  were: 

1.  When  the  amount  of  sample  is  very  small,  as  in  the 
electrode  blanks,  there  is  a  marked  gain  in  sensitivity  in  the 
cathode  layer  method.  In  the  actual  analysis  of  samples  all 
constituents  that  could  be  detected  by  the  cathode  layer 
arrangement  were  also  found  by  anode  arcing  with  the 
Twyman-Simeon  lens  arrangement. 

2.  Arcing  conditions  are  more  uniform  and  reproducible 
when  an  anode  arc  is  used.  The  anode  arc  burns  more 
steadily  than  the  cathode  arc,  and  strikes  directly  to  the 
bead  of  sample  when  the  latter  is  of  conducting  material. 
The  cathode  arc  tends  to  wander  about  the  rim  of  the  crater 
and  to  vaporize  more  carbon,  for  a  given  weight  of  sample, 
than  the  anode  arc.  In  many  cases  the  cathode  arc  con¬ 
sumed  the  electrode  to  such  an  extent  that  a  portion  of  the 
sample  rolled  from  the  crater  and  was  lost.  Wandering  of 
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the  arc  is  particularly  objectionable  when  the  cathode  method 
is  used  with  larger  electrodes,  such  as  are  required  for  the 
analysis  of  solutions. 

3.  When  the  cathode  layer  method  is  employed  the  use 
of  single  lens  slit  illumination  is  recommended,  because  the 
Lines  obtained  are  wedge-shaped  and  can  be  more  readily 
differentiated  from  bands  than  can  faint  lines  of  uniform 
intensity  from  top  to  bottom.  It  is  somewhat  more  difficult 
to  obtain  uniform  illumination  conditions  with  a  single 
lens  than  with  the  Twyman-Simeon  arrangement. 

4.  The  cathode  layer  method  is  recommended  for  the 
detection  of  impurities  in  electrodes.  For  all  other  types  of 
analysis  that  have  been  studied,  where  the  amount  of  sample 
is  not  limited,  anode  excitation  has  been  found  preferable 
from  the  viewpoint  of  convenience  and  equal  to  cathode  ex¬ 
citation  in  sensitivity. 


Arcing  Technique 

The  most  important  factor  in  spectrographic  analysis  is 
the  technique  employed  in  arcing  the  sample.  In  general, 
conditions  are  sought  that  will  provide  a  uniform  and  con¬ 
tinuous  vaporization  of  the  sample  with  a  minimum  vapori¬ 
zation  of  carbon  from  the  electrode.  The  following  methods 
are  employed,  for  the  types  of  sample  listed,  subject  to  varia¬ 
tions  as  indicated  by  experience  with  particular  samples : 

Solid  Allots  or  Metals  (oxides  or  salts  that  are  reduced  to 
metals).  The  sample  of  5  to  20  mg.  is  placed  in  the  crater  of  a 
4.8-mm.  electrode.  If  volatile  constituents,  such  as  mercury  or 
cadmium,  are  sought  the  crater  is  10  to  12  mm.  in  depth;  other¬ 
wise  a  shallow  crater  5  to  8  mm.  in  depth  may  be  used.  An  ex¬ 
posure  is  made  with  the  lower  electrode  the  positive  pole,  the 
electrode  is  removed  from  the  holder,  and  the  crater  wall  is  cut 
away  to  expose  the  bead  of  sample.  The  plate  is  racked  down 
and  another  exposure  is  made;  this  exposure  is  continued  until 
the  sample  is  completely  consumed.  With  a  slit  width  of  0.01  to 
0.02  mm.  the  exposure  time  will  vary  from  60  to  150  seconds  in 
the  ultraviolet  region,  and  from  20  to  50  seconds  in  the  visible 
region,  depending  upon  the  speed  of  the  plate  employed.  When 
complete  vaporization  of  the  sample  requires  longer  time,  a  re¬ 
ducing  sector  before  the  slit  is  used  to  make  the  effective  exposure 
of  the  correct  duration. 


Figure  3.  Arc  Stand 


Nonconducting  Solids.  The  size  of  sample  and  electrode 
and  the  depth  of  crater,  are  the  same  as  specified  above.  The 
first  exposure  is  made  until  the  operator  can  recognize,  by  the 
behavior  of  the  arc  and  the  color  of  the  light,  that  no  more  sample 
is  being  consumed.  The  electrode  is  now  cut  down  to  expose  the 
lower  end  of  the  crater  and  a  second  exposure  is  made  until  all 
the  sample  is  consumed.  Certain  samples  are  found  to  sputter 
from  the  crater  when  the  arc  is  first  struck;  this  loss  can  be 
minimized  by  placing  5  to  10  mg.  of  anhydrous  sodium  carbonate 
in  the  crater,  above  the  sample,  to  form  a  flux  when  the  arc  is 
struck. 

Solutions.  A  6.3-mm.  electrode  is  used,  in  order  that  the 
crater  may  hold  as  much  as  0.05  to  0.10  ml.  of  solution.  The 
electrode  is  treated  with  a  dilute  solution  of  paraffin  oil  in  ligroin 
or  writh  kerosene,  to  render  the  carbon  impervious  to  water  solu¬ 
tions.  A  measured  portion  of  sample  is  slowly  run  into  the  crater 
from  a  capillary  pipet,  with  care  to  prevent  entrapping  air  bub¬ 
bles,  and  the  solution  is  evaporated  to  dryness  on  a  hot  plate  or 
in  an  oven.  The  dried  residue  is  arced  as  described  above. 
Steadier  arc  operation  is  obtained  when  the  upper  electrode  con¬ 
tains  a  crater  than  when  it  is  pointed. 

In  the  analysis  of  very  viscous  solutions  flat  end  electrodes 
may  advantageously  be  employed.  A  drop  of  solution  is  placed 
on  the  end  of  the  electrode  and  evaporated  to  dryness.  In  this 
case  the  sample  is  placed  upon  both  the  lower  and  upper  elec¬ 
trodes.  If  the  sample  is  consumed  before  a  sufficient  exposure 
is  obtained,  the  electrodes  are  reimpregnated  and  several  ex¬ 
posures  made  without  altering  the  plate  position. 


Analysis  of  Spectra 

Every  exposure  is  accompanied  by  an  iron  arc  reference 
spectrum,  placed  directly  above  the  sample  spectrum  and 
slightly  overlapping  it.  A  Hartman  diaphragm  is  used  to 
impress  the  two  spectra  in  proper  relation  without  moving 
the  plate  holder.  The  opening  for  the  reference  spectrum  is 
1  mm.  in  height,  and  that  for  the  sample  spectrum  is  1.5  mm. 

The  method  of  identification  has  previously  been  de¬ 
scribed  (S).  The  reference  and  sample  spectra  are  projected, 
at  10  X  magnification,  onto  charts  which  contain  iron  refer¬ 
ence  fines  and  analysis  fines  of  the  more  common  elements. 
When  additional  elements  are  sought,  such  as  the  rare  earths 
which  are  not  included  in  the  chart,  a  fist  of  the  important 
analysis  fines  of  these  elements  is  made  and  the  positions  of 
the  lines  are  traced  on  cardboard  strips  that  can  be  clipped  to 
the  master  chart  as  desired.  Reference  points  on  the  master 
charts  and  the  additional  cards  ensure  reproducible  place¬ 
ment. 

The  examination  of  spectra  by  projection  has  been  found 
far  more  rapid  than  direct  examination  of  the  plate,  and  can 
be  done  -without  eyestrain.  The  sensitivity  is  fully  as  high 
as  in  direct  examination  of  a  plate;  in  general,  any  fine  that 
can  be  seen  by  use  of  a  plate  lens  can  be  seen  in  the  projected 
image. 


Sensitivity 

The  sensitivity  of  spectrographic  detection  depends  upon 
so  many  factors  that  it  is  impossible  to  make  a  general  state¬ 
ment  regarding  the  minimum  amount  of  a  given  element 
that  can  be  detected.  Among  the  factors  which  affect  the 
sensitivity  the  more  important  are : 

Background  Intensity.  Detection  of  an  element  demands 
that  the  intensity  of  its  fines  be  stronger  than  the  background 
radiation.  When  graphite  electrodes  are  used  there  is  a  back¬ 
ground  of  CN  (and  other)  bands,  which  is  extremely  heavy  in 
the  region  3400  to  5000  A.  Fortunately  the  electrode  background 
is  much  fighter  in  the  region  2500  to  3400  A.,  where  the  best 
analysis  fines  for  many  of  the  elements  occur.  Elements  whose 
most  sensitive  fines  occur  in  the  region  of  heavy  background  can¬ 
not  be  detected  in  as  low  concentration  as  elements  giving  fines 
on  the  same  intensity  in  a  region  relatively  free  of  background. 
Because  of  this  it  is  sometimes  of  advantage  to  employ  a  metal, 
rather  than  a  graphite,  supporting  electrode.  The  sample  can 
often  be  obtained  in  the  form  of  a  metal  rod,  which  can  be  arced 
or  sparked  without  the  use  of  a  supporting  electrode;  generally 
such  a  procedure  is  desirable  when  it  can  be  applied.  For  ex- 
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ample,  chromium  has  been  detected  by  sparking  the  original 
metal  in  cases  where  it  could  not  be  identified  in  arc  spectra  made 
with  graphite  electrodes. 

In  addition  to  the  background  from  the  electrode  there  is 
always  some  background  from  the  sample,  either  as  bands  or  as 
continuous  radiation  from  incandescent  particles.  The  magni¬ 
tude  of  this  background  will  vary  with  the  sample.  Samples 
containing  a  high  percentage  of  silicon  are  particularly  high  in 
background,  owing  to  band  spectra. 

Interfering  Lines.  Positive  identification  of  an  element 
requires  the  presence  of  a  sufficient  number  of  lines  to  minimize 
the  probability  of  coincidences.  When  the  spectrum  of  a  sample 
contains  few  lines  identification  of  an  impurity  may  be  made 
from  a  single  line  or  characteristic  group  of  lines,  but  when  the 
sample  spectrum  is  complex  a  single  impurity  line  does  not  es¬ 
tablish  an  identification  unless  it  can  be  shown  that  this  line  is 
not  a  weak  line  of  some  other  constituent,  and  this  is  often  dif¬ 
ficult  to  prove.  The  sensitivity  for  a  given  element  depends, 
therefore,  upon  the  nature  of  the  mixture  which  is  examined. 
For  example,  lead  can  be  positively  identified  in  many  biological 
samples  by  the  single  strong  line  at  2833  A.,  but  the  identifica¬ 
tion  of  lead  in  a  metal  sample  containing  large  amounts  of  chro¬ 
mium,  manganese,  etc.,  may  require  the  presence  of  a  sufficient 
amount  to  give  several  lines. 

Conditions  of  Vaporization.  The  conditions  under  which 
an  element  is  vaporized  may  markedly  affect  the  sensitivity  of 
detection.  Volatile  elements,  such  as  cadmium  or  mercury,  may 
escape  detection  if  the  sample  is  arced  in  a  shallow  crater,  whereas 
high  intensity  may  be  obtained  if  the  sample  is  placed  in  a  deep 
crater. 

At  times  the  sensitivity  may  be  increased  by  the  presence  of  a 
foreign  element  that  raises  the  temperature  at  which  the  spec¬ 
trum  is  excited.  This  effect  was  demonstrated  by  a  series  of 
spectra  in  which  the  amounts  of  trace  elements  in  the  arc  were 
kept  constant  while  the  amount  of  a  chief  constituent  was  varied. 
Brass  samples  having  the  analysis 


Micrograms 


Element  Per  Cent  in  Arc 

Cu  88  176 

Sn  8  16 

Zn  2  4 

Pb  1.5  3 


Micrograms 


Element  Per  Cent  in  Arc 

Sb  0.2  0.4 

Ni  0.1  0.2 

Fe  0.1  0.2 


were  weighed  out  in  0.0002-gram  portions.  Spectra  were  made 
of  the  brass  samples  alone,  and  of  brass  samples  with  10  mg.  of 
spectroscopically  pure  copper  added.  In  the  latter  case,  although 
the  percentages  of  the  trace  elements  were  reduced  to  one  fiftieth 
the  original  value,  the  intensity  of  lead,  tin,  zinc,  and  antimony 
lines  was  found  to  be  greatly  increased;  several  weaker  fines  of 
these  constituents,  which  were  not  visible  in  the  spectra  of  the 
undiluted  sample,  appeared  in  the  spectra  taken  with  added 
copper.  The  constituents  whose  intensity  is  enhanced  by  dilution 
are  those  of  greatest  volatility,  which  apparently  are  lost  when 
the  amount  of  sample  is  small. 


Analysis  of  Known  Samples 


Element 

Per  Cent 
(as  Oxide) 

Found 

Element 

Per-Cent 
(as  Oxide) 

Found 

Fe 

0.086 

S 

Sr 

0.01 

M 

A1 

0.069 

s 

Na 

0.08 

S 

Ti 

0.004 

— 

K 

0.03 

Mn 

0.009 

s 

P 

0.002 

— 

The  sensitivities  are 

somewhat  less  than  those  found  for  tl 

sodium  hydroxide  sample  because  of  greater  electrode  back¬ 
ground;  vaporization  of  the  sample  from  within  a  crater  causes 
more  vaporization  of  carbon. 


3.  From  a  sample  of  silicon  the  following  results  were  ob¬ 
tained: 


Element 

Per  Cent 
(as  Element) 

Found 

Element 

Per  Cent 
(as  Element) 

Found 

Si 

96.9 

S 

Ni 

0.002 

_ 

Fe 

0.65 

S 

Cr 

0.025 

W 

Mn 

0.034 

s 

Zr 

0.025 

w 

P 

0.008 

— 

Ti 

0.10 

s 

Cu 

0.02 

s 

The  background  was  very  heavy  because  of  bands  from  silicon 
compounds.  Consequently  nickel  was  not  found,  although  in 
brass  samples  it  has  readily  been  identified  at  percentages  of 
0.001  or  lower.  Chromium  could  be  identified  only  by  the  fines 
at  4254-75-90  A.;  no  other  fines  could  be  detected.  Only  two 
fines  were  identified  for  zirconium.  Titanium  at  0.10  per  cent 
gave  many  fines. 

4.  A  pig  iron,  shown  by  chemical  analysis  to  contain  0.012 
per  cent  of  chromium  and  0.08  per  cent  of  phosphorus,  was 
analyzed  for  these  elements.  When  the  powdered  sample  was 
arced  in  the  usual  manner  only  two  chromium  fines  could  be  de¬ 
tected,  and  these  were  so  faint  that  identification  was  doubtful. 
No  fines  were  found  for  phosphorus.  The  greater  portion  of  the 
iron  was  removed  by  dissolving  the  sample,  converting  all  con¬ 
stituents  to  chlorides,  and  extracting  ferric  chloride  with  ether. 
The  extracted  solution  was  evaporated  to  dryness  and  reanalyzed. 
The  identification  of  chromium  was  now  positive,  but  phosphorus 
was  not  found.  Other  elements  present,  such  as  manganese  and 
nickel,  gave  much  stronger  fines  in  the  concentrated  residues. 

5.  A  series  of  lead  samples  (provided  by  J.  N.  Mrgudich), 
prepared  by  adding  known  amounts  of  trace  elements  to  a  nearly 
pure  lead,  was  studied.  In  this  series  the  amounts  of  the  trace 
elements  were  halved  in  each  successive  dilution,  and  the  sensi¬ 
tivity  limits  could  be  accurately  determined.  The  following  re- 


suits  were 

obtained: 

Sensitivity 

Sensitivity 

Limit, 

Limit, 

Element 

% 

Element 

% 

Cd 

0.003 

Bi 

<0.0008 

Mg 

<0.0008 

Ag 

<0.0008 

Sn 

0.005 

Cu 

<0.0001 

Practically  all  the  cadmium  was  found  in  the  first  arcing  frac¬ 
tion  before  the  crater  was  cut  down.  Magnesium  was  present 
in  the  electrode  carbon,  and  the  limit  is  not  definite.  Copper 
likewise  is  present  in  the  electrode,  but  at  a  concentration  of 
0.0001  per  cent  the  sample  gives  a  stronger  fine  than  the  electrode 
blank  (no  electrode  absolutely  free  of  copper  and  magnesium  has 
ever  been  found  in  this  work). 


Sensitivity  tests  have  been  made  with  various  types  of 
samples  of  known  chemical  analysis.  The  results  are  of  in¬ 
terest,  not  as  representing  ultimate  limits,  but  as  illustrations 
of  the  variations  in  sensitivities  that  may  be  encountered. 

1.  A  25  per  cent  sodium  hydroxide  solution  (sample  and 
chemical  analysis  furnished  by  J.  S.  Owens)  was  analyzed  ac¬ 
cording  to  the  method  given  above  for  concentrated  solutions, 
with  the  following  results: 


Element 

Per  Cent 
(Dry  Basis) 

Found 

Element 

Per  Cent 
(Dry  Basis) 

Found 

Pb 

0.0001 

W 

A1 

0.0007 

S 

Sr 

0 . 0003 

W 

Fe 

0.00036 

S-M 

Ca 

0.002 

S 

Si 

0.004 

S 

Ni 

0.00013 

Mg 

0.0002 

S-M 

Cu 

0.00014 

S 

Mn 

0.0001 

W 

S,  strong; 

M,  medium; 

W,  weak; 

— ,  missing. 

The  sensitivities  are  very  high  because  of  the  simplicity  of 
the  sample  spectrum  and  the  low  background.  The  dried  residue 
did  not  penetrate  the  electrodes  deeply,  and  there  was  little 
vaporization  of  carbon  from  the  electrodes. 

2.  A  dolomite,  whose  major  constituents  are  calcium  and 
magnesium,  was  analyzed.  The  results  for  the  minor  constitu¬ 
ents  are: 


In  all  the  above  analyses  the  samples  were  approximately 
10  mg.  in  weight.  A  percentage  of  0.01  corresponds  to  about 
1  microgram  of  the  trace  element.  In  favorable  cases  as  little 
as  0.01  microgram  was  detected,  but  in  unfavorable  cases  as 
much  as  3  micrograms  might  be  missed.  These  results  are 
in  general  agreement  with  the  sensitivity  results  given  by 
Owens  (2)  except  for  the  use  of  the  cathode  layer  method. 

To  extend  the  scope  of  sensitivity  data,  permission  has 
been  obtained  to  include  some  results  of  other  laboratories, 


Table  I.  Sensitivity  for  Trace  Elements  in  Lead 


Limit, 

Limit, 

Element 

% 

Element 

% 

Sb 

0.001 

Ni 

o.ooox® 

Cd 

0.005 

Ag 

0.0001 

In 

o.oox® 

Sn 

0.0005 

Hg 

o.oox® 

Bi 

0.0003 

Pt 

o.ooox® 

Cu 

0.0001 

Tl 

o.ooox® 

Mg 

0.000005 

As 

0.01 

Pd 

0.001 

Ca 

o.ooooox® 

Te 

0.01 

Fe 

0.001 

Zn 

0.01 

®  X  =  >  5 
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Table  II.  Sensitivity  for  Trace  Elements  ino  Biological 
Ash  in  Spectral  Region  2500-3400  A. 


Element 

Line 

Detectable  in  Arc 
Microgram 

A1 

3083 

0.02 

3093 

0.02 

Sb 

2598 

0.40 

Bi 

3068 

0.04 

Cd 

3261 

0.40 

Cr 

2836 

0.50 

2843 

0.50 

2986 

0.20 

Cu 

3274 

0.02 

Fe 

3021 

0.02 

Pb 

2833 

0.02 

Mg 

2796  ; 

} 

2803 
2582  1 

)  <0.02 

Mn 

2594'! 

2795! 
2798 1 

2801 J 

1  0.02 

Hg 

2537 

0.20 

Ni 

3051 

0.40 

Ag 

3281 

<0.02 

Sn 

2840 

0.02 

and  these  are  presented  in  Tables  I  and  II.  The  lead  analyses 
were  furnished  by  R.  D.  McLennan  and  A.  J.  Phillips  of  the 
American  Smelting  and  Refining  Company.  Exact  experi¬ 
mental  details  are  not  available;  the  sample  was  arced  in  a 
supporting  graphite  electrode  which  was  made  the  anode, 
and  in  general  conditions  were  about  the  same  as  described 


in  this  paper.  Data  for  the  ash  of  biological  material  were 
furnished  by  Jacob  Cholak,  Kettering  Laboratory  of  Applied 
Physiology,  University  of  Cincinnati,  who  evaporated  a  solu¬ 
tion  of  the  ash  in  the  crater  of  a  graphite  electrode  and  used 
an  anode  arc.  The  limits  given  for  the  biological  ash  are  the 
lower  limits  for  quantitative  analyses  and  in  some  cases  the 
lower  limit  of  detectability  lies  at  considerably  smaller  values. 
The  limits  given  for  the  detection  of  traces  in  lead  samples  are 
not  regarded  by  the  authors  as  ultimate  limits,  but  represent 
those  prevailing  under  the  experimental  conditions  em¬ 
ployed,  with  samples  weighing  25  mg. 
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Continual  Observation  of  Changes  in  Weight 

at  Oven  Temperatures 

An  Apparatus  for  Use  in  the  Study  of  Drying  Rates  and  in  the  Oxidation  of  Oils 

A.  C.  BECKEL  and  A.  G.  SHARP 

U.  S.  Regional  Soybean  Industrial  Products  Laboratory,  Urbana,  Ill. 


THE  apparatus  described  in  this  paper  was  developed  for 
the  quantitative  study  of  problems  involving  a  gain  or 
loss  in  weight.  Problems  of  the  first  type  are  chiefly  associ¬ 
ated  with  the  oil  obtained  from  the  soybean  because  it  is  used 
in  the  drying  oil  industry  where  the  capacity  to  absorb  oxygen 
is  an  index  of  its  usefulness  for  that  purpose,  and  the  decrease 
of  this  capacity  is  an  indication  of  the  deterioration  of  the  oil. 

Problems  of  the  second  type — involving  a  loss  in  weight— 
arise  in  the  study  of  drying  rates.  From  the  curves  obtained 
in  such  studies,  the  proper  temperature  and  time  for  the  de¬ 
termination  of  moisture  may  be  ascertained  and  the  values 
for  the  moisture  content  resulting  from  the  various  methods 
of  analysis  may  be  correlated. 

It  appears  probable  from  preliminary  experiments  that  the 
sensitivity  and  versatility  of  the  apparatus  should  make  it 
useful  in  many  industries  where  a  knowledge  of  the  extent  and 
rate  of  atmospheric  oxidation  or  dehydration  is  important. 
For  example,  it  should  aid  in  the  study  of  the  oxidative  rancid¬ 
ity  in  edible  fats  of  both  vegetable  and  animal  origin,  the 
aging  of  rubber,  the  classification  of  lubricating  oils,  the  test¬ 
ing  of  oxidation  inhibitors,  and  the  classification  of  catalysts 
responsible  for  the  deterioration  of  lubricating  oils  and  edible 
oils,  or  for  accelerating  the  drying  of  paints. 

Description  of  Apparatus 

The  apparatus  consists  essentially  of  a  Jolly  spring  suspended 
above  an  oven  and  suspending  within  the  oven  a  suitable  con¬ 


tainer  for  the  sample  to  be  investigated,  and  a  device  for  ac¬ 
curately  observing  changes  in  the  elongation  of  the  spring. 

The  desirability  of  observing  changes  in  samples  exposed  to 
various  atmospheres  led  to  enclosing  the  system,  and  the  sensi¬ 
tivity  of  the  long  spring  to  changes  in  temperature  necessitated 
a  water  jacket,  A,  for  the  circulation  of  water  from  a  constant- 
temperature  bath.  In  order  to  minimize  the  possibility  of  con¬ 
vection  currents  of  warm  air  reaching  the  spring,  J,  through  the 
tube,  B,  B  was  extended  and  three  baffles,  C,  were  introduced 
just  above  the  oven.  The  baffles  have  so  efficiently  prevented 
further  upward  movement  of  the  warm  air  that  practically  all  the 
heat  is  dissipated  below  the  first  two.  Without  water  circulating 
through  the  jacket,  the  temperature  rise  in  the  spring  chamber  is 
less  than  2°  when  the  temperature  of  the  oven  is  raised  from  room 
temperature  to  105°  C.  With  circulating  water,  the  chamber 
remains  at  a  constant  temperature  about  0.2°  C.  above  that  of 
the  bath  even  when  the  temperature  of  the  bath  varies  as  much 
as  10°  from  the  room  temperature.  This  close  agreement  in  tem¬ 
perature  between  the  bath  and  the  jacket  is  made  possible  by 
rapid  circulation  of  the  bath  liquid.  The  capacity  of  the  jacket 
is  100  cc.  and,  since  1  liter  of  water  per  minute  is  circulated 
through  the  jacket,  a  complete  change  is  effected  every  6  seconds. 

The  spring  is  of  the  lighter  type  usually  used  in  the  Jolly  balance 
and  has  a  capacity  of  9  grams  with  an  elongation  of  about  5  cm. 
per  gram.  This  type  of  spring  is  designed  to  give  uniform  elonga¬ 
tion  over  the  entire  working  range,  although  in  this  apparatus 
the  total  change  in  elongation  is  seldom  as  much  as  1.5  cm.  The 
sensitivity  is  such  that  a  change  of  2  mg.  in  the  suspended  weight 
will  produce  a  change  of  0.1  mm.  in  the  elongation.  It  is  advis¬ 
able  to  recalibrate  the  spring  at  intervals. 

Two  types  of  devices  for  observing  the  changes  in  elongation 
have  been  used.  In  the  first  (Figure  1),  a  millimeter  scale,  D, 
is  fastened  in  tube  B,  very  near  to  its  center,  and  a  long  pointer, 
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H,  is  attached  at  right  angles  to  the  suspen¬ 
sion  extending  from  the  spring  to  the  sample 
container.  It  is  necessary  to  have  the  pointer 
rest  lightly  on  the  scale  in  order  to  avoid 
parallax,  and  to  tap  the  tube  before  taking  a 
reading  in  order  to  make  sure  that  the  pointer 
is  free.  A  hand  lens  is  used  in  making  the 
reading. 

The  second  device  (Figure  2)  has  a  scale, 
E,  attached  to  the  suspension  and,  by  means 
of  a  short-focus  lens,  an  image  of  the  scale  is 
projected  onto  a  small  ground-glass  screen 
carrying  a  fine  cross  hair.  As  the  scale  moves 
with  the  change  in  weight  of  the  sample,  its 
image  moves  past  the  stationary  cross  hair,  per¬ 
mitting  an  accurate  determination  of  the 
movement.  By  the  proper  choice  of  lens  and 
its  position  relative  to  that  of  the  scale,  a  con¬ 
siderable  magnification  can  be  attained,  permit¬ 
ting  a  direct  reading  without  the  use  of  a 
hand  lens. 

Two  methods  of  enclosing  the  sample  have 
been  developed.  In  one  type  (Figure  1),  a  des¬ 
iccator  is  placed  inside  the  oven,  attached  by 
a  ground-glass  connection  to  tube  B  extending 
through  the  top  of  the  oven.  A  leveling  plate, 
G,  must  be  used  beneath  the  desiccator,  since, 
each  time  a  sample  is  introduced  and  the  con¬ 
nection  is  made  with  the  upper  portion  of  the 
apparatus,  it  is  necessary  to  realign  the  entire 
apparatus  to  make  sure  that  the  spring  and 
suspension  are  hanging  free  of  the  walls  of  the 
enclosing  tube.  The  other  or  vacuum  oven 
type  (Figure  2)  has  the  spring  enclosure  per¬ 
manently  aligned  and  is  attached  to  the  vacuum 
chamber  itself,  which  eliminates  all  operations 
except  that  of  attaching  the  sample  container 
to  the  suspension. 

Drying  Rate  Studies 

Drying  rate  curves  may  be  obtained 
rapidly  and  with  accuracy  by  the  use  of 
this  apparatus.  The  curves  shown  in  Fig¬ 
ure  3  represent  the  drying  rate  of  ground 
soybeans  in  an  air  oven  at  105°  C.  Both 
curves  were  obtained  on  the  same  afternoon 
from  two  3-gram  samples  of  a  single  batch 
of  beans.  The  maximum  difference  between 
the  two  curves  is  0.07  per  cent  of  moisture. 

Another  method  of  obtaining  such  curves 
involves  placing  a  number  of  weighed  sam¬ 
ples  in  an  oven,  removing  specimens  at  in¬ 
tervals,  cooling  them  in  a  desiccator,  and 
finally  weighing.  Besides  involving  con¬ 
siderable  time,  the  method  is  subject  to 
several  errors,  at  least  one  of  which  is  in¬ 
determinable.  This  error  is  due  to  the 
period  of  cooling  in  the  desiccator,  during 
which  time  the  sample  may  lose  more  mois¬ 
ture,  or,  when  dry,  actually  compete  with 
the  desiccant  for  any  available  moisture. 


Oxidation  of  Oils 

Semidrying  and  Drying  Oils.  Typical  of  the  results  ob¬ 
tained  by  the  use  of  this  apparatus  are  the  oxygen  absorption 
curves  shown  in  Figure  4,  which  were  obtained  with  soybean 
oil  dispersed  on  filter  paper,  F.  The  oxidations  were  carried 
on  in  an  atmosphere  of  dry  oxygen  at  a  temperature  of  80°  C. 
up  to  the  points  on  the  curve  marked  A,  at  which  the  tempera¬ 
ture  of  the  oven  was  raised  to  105°  C. 

These  curves  are  presented  merely  as  examples  of  the  useful¬ 
ness  of  the  apparatus  in  such  investigations  and  to  delineate 
the  approach  to  the  problems  involved.  From  this  point  of 
view  the  curves  may  be  discussed. 

The  first  point  to  be  studied  will  be  the  extreme  left  or  “loss 
in  weight”  portion  of  the  curve.  A  preliminary  experiment 


performed  in  an  atmosphere  of  nitrogen  indicated  that  a  loss 
in  weight  due  to  volatile  matter  and  a  gain  in  weight  due  to 
oxidation  are  concurrent.  In  curve  2  a  loss  in  weight  is  ob¬ 
served,  which  is  1.5  per  cent  greater  than  is  apparent  in  curve 
1,  although  the  observations  were  made  on  samples  from  a 
single  batch  of  oil  which  was  stored  in  a  glass-stoppered  bot¬ 
tle.  Curve  2  was  obtained  from  measurements  made  on  a 
sample  withdrawn  after  the  bottle  containing  the  oil  had  been 
exposed  to  the  light  for  a  number  of  weeks. 

Following  the  “loss  in  weight”  portion  of  the  curve  there  is 
evident  in  the  case  of  curve  1  a  short  “induction”  period 
amounting  to  1.5  hours  which  is  followed  by  oxygen  absorp¬ 
tion.  The  period  of  rapid  oxidation  seems  to  proceed  at  ap¬ 
proximately  the  same  rate,  but  it  must  be  noted  that  the  oil 
which  had  been  exposed  to  light,  and  which  suffered  the 
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Figure  3.  Drying  Rate  Curves 


greater  initial  loss  in  weight,  absorbed  1.76  per  cent  less  oxy¬ 
gen,  calculated  on  the  basis  of  the  low  point  in  the  curve  (vola¬ 
tile  matter-free  basis),  than  did  the  fresh  oil.  The  original 
oil  (curve  1)  was  stable  for  the  entire  period  of  observation, 
13  hours,  following  the  maximum  absorption  of  oxygen, 
whereas  the  deteriorated  oil  reached  a  maximum  and  then 
immediately  started  to  lose  some  volatile  material. 

The  temperature  of  80°  C.  at  which  the  oxygen  absorption 
was  carried  out  was  chosen  on  the  basis  of  reported  evidence 
( 1 )  that  the  peroxides  of  soybean  oil  decompose  at  110°  C. 
The  very  rapid  loss  in  weight,  following  the  rise  in  tempera¬ 
ture  of  the  oven  to  105°  C.,  seems  especially  indicative  of 
abrupt  peroxide  decomposition  in  the  fresh  oil  (curve  1)  since 


Figure  4.  Oxidation  of  Soybean  Oil 

Curve  1,  O 
Curve  2,  A 


TIME  IN  HOURS 

Figure  5.  Oxidation  of  Lubricat¬ 
ing  Oil 


there  was  no  previous  evidence  of  a  loss 
of  volatile  matter  over  a  long  period  of 
time  (13  hours)  at  80°  C. 

Lubricating  Oils.  As  an  example  of 
the  application  of  this  apparatus  to  the 
investigation  of  problems  other  than  those 
that  are  being  conducted  in  this  labora¬ 
tory,  a  sample  of  lubricating  oil  dispersed 
on  filter  paper  was  oxidized  in  an  atmos¬ 
phere  of  dry  oxygen  at  a  temperature  of 
130°  C.,  with  the  results  that  have  been 
plotted  in  the  curve  shown  in  Figure  5. 
After  an  initial  rapid  loss  in  weight  due  to 
volatile  matter,  the  sample  absorbed  1.44 
per  cent  of  oxygen  (calculated  on  the 
volatile  matter-free  basis).  Because  of 
the  importance  of  oxidation  in  the  “gum¬ 
ming”  of  lubricants  and  because  of  the 
empirical  nature  of  existing  tests,  it  seems 
that  this  apparatus  should  offer  a  more 
rigorous  method  for  comparing  the  oxidiz¬ 
ability  of  lubricants,  as  well  as  providing 
a  method  for  studying  the  effect  of  oxi¬ 
dation  inhibitors  and  various  metallic  cata¬ 
lysts  of  these  reactions. 
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A  Hot  Wire  Cutter  for 
Glass  Tubing 

A.  A  HIRSCH1 

Sewerage  and  Water  Board,  New  Orleans,  La. 


AN  EXTREMELY  simple  glass  cutter,  by  which  pressure 
_£\_  of  a  glowing  wire  looped  around  the  glass  shape  is  secured 
by  means  of  suspended  weights,  is  shown  in  the  figure.  This 
device  produces  clean  breaks  and  is  instantly  adjustable  to 
any  size  of  glass  tubing  or  bottles. 

Current  is  supplied  through  a  lamp  bank  to  binding  posts 
on  the  350-gram  brass  weights,  W,  which  hang  from  the  ends 
of  the  resistance  wire,  R.  R  is  looped  once  around  the  ob¬ 
ject  to  be  cut,  thereby  making  one  and  a  half  turns  in  contact 
with  the  glass.  Porcelain  beads,  B,  such  as  are  used  on  com¬ 
mutator  brush  leads,  are  strung  on  the  wire  to  separate  the 
adjoining  arcs  and  to  provide  thermal  insulation  on  the 
redundant  half  turn. 

When  using  No.  25  B.W.G.  Nichrome  or  Chromel  A  re¬ 
sistance  wire  about  100  cm.  long,  1000  watts’  load  in  the  lamp 
bank  connected  to  the  110- volt  house  circuit  produces  a  com¬ 
plete  circumferential  crack  in  large-diameter  ordinary  glass 
tubing  within  a  minute  of  heating.  A  file  scratch  made  at  the 
top  of  the  tube  where  the  two  wire  segments  approach  un¬ 
insulated  contact  tends  to  guide  the  cut. 

1  Present  address,  Louisiana  Department  of  Education,  Division  of  Trade 
and  Industrial  Education,  Baton  Rouge,  La. 


An  Improved  Magnesite  Crucible 

WELTON  J.  CROOK,  JOHN  R.  CUNNINGHAM,  and  JAMES  R.  CADY 

Stanford  University,  Calif. 


A  new  method  of  producing  magnesite 
crucibles  for  laboratory  purposes  is  pro¬ 
posed.  The  base  material  is  crushed  mag¬ 
nesite  brick  which  is  sintered  at  2000°  C.  in 
a  graphite  mold  placed  in  a  high-frequency 
furnace.  Crucibles  made  in  this  manner 
have  been  found  to  be  impervious  to  liquid 
basic  slags  which  not  only  permeate  but 
actually  disintegrate  commercially  avail¬ 
able  magnesia  and  magnesite  crucibles. 

IN  CONNECTION  with  a  laboratory  investigation  of  slags 
which  is  being  conducted  in  the  Mining  Department  of 
Stanford  University,  it  was  found  that  the  commercially 
available  magnesia  and  magnesite  crucibles,  which  were  used 
in  the  production  of  high-lime  slags,  were  entirely  inadequate 
because  of  excessive  porosity  and  a  tendency  to  disintegra¬ 
tion  at  working  temperatures. 

It  was  desired  to  produce  a  crucible  in  which  basic  slags 
could  be  melted  without  prohibitive  attack  on  the  walls,  and 
which  would  be  sufficiently  impervious  to  hold  very  fluid 
slags. 

The  type  of  crucible  finally  produced  withstood  successfully 
the  conditions  of  freedom  from  excessive  chemical  attack, 
porosity,  and  disintegration  due  to  expansion,  at  a  working 
temperature  of  1600°  C. 


Previous  Investigations 

A  considerable  amount  of  work  has  been  done  on  the  subject 
of  the  production  of  magnesia  crucibles  for  laboratory  use. 
A  study  of  the  literature  reveals  that  the  method  of  procedure 
varies  in  only  two  general  respects — namely,  the  binders  used 
to  hold  the  unfused  magnesia  and  the  temperature  at  which 
the  molded  crucibles  are  fired. 

Jordan,  Patterson,  and  Phelps  ( 2 )  moistened  <  100-mesh 
dead-burned  magnesia  with  a  2  per  cent  magnesium  chloride 
hexahydrate  solution,  molded  this  material  into  graphite  molds 
and,  after  drying  the  molds  containing  the  crucibles,  fired  them 
at  from  1600°  to  1800°  C.  Swanger  and  Caldwell  (6)  used  the 
same  procedure,  but  added  less  moisture  and  obtained  an  equally 
satisfactory  crucible.  Salmang  and  Planz  (J)  used  a  much 
higher  proportion  of  magnesium  chloride,  and  found  that  denser 
crucibles  were  obtained  when  carefully  sized  magnesia  was  used. 
Mehl  (3)  mixed  shellac  with  calcined  c.  p.  magnesia  and  molded 
the  crucibles  in  a  brass  mold.  The  crucibles  were  then  dried  at 
from  100°  to  130°  C.,  and  fired  in  an  electric  furnace.  Schuette 
(5)  tamped  <  60-mesh  periclase,  a  commercial  fused  magnesium 
oxide  electric  furnace  product  containing  95  per  cent  of  mag¬ 
nesium  oxide,  into  graphite  molds.  No  binder  was  used.  The 
crucibles  were  then  fired  at  about  2500°  C.  in  a  high-frequency 
furnace.  Barrett  and  Holbrook  (1)  used  a  similar  procedure, 
except  that  a  1.5  to  3.0  per  cent  aqueous  solution  of  boric  acid 
was  used  as  a  binder. 

Method  of  Manufacture 

The  method  of  manufacture  is  similar  to  that  used  by  the 
U.  S.  Bureau  of  Mines  in  making  pure  magnesia  crucibles — 
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that  is,  the  crucible  mix,  ground  to  the  proper  grain  size,  is 
placed  in  a  carbon  mold  and  fired  in  an  induction  furnace. 
The  essential  difference  in  the  new  method  is  that  crushed 
magnesite  brick,  which  contains  iron  oxide  and  silica 
substituted  for  the  pure  magnesia  used  by  the  bureau. 


is 


The  magnesite  used  in  the  new  crucible  is  a  common  type  of 
refractory  used  in  furnace  construction.  It  is  made  up  of 
magnesia  grains  cemented  together  with  magnesium  and 
calcium  ferrite  (2Ca0.Fe203,  2MgO.Fe2C>3),  and  contains  ap¬ 
proximately  8  per  cent  of  silica.  It  crushes  easily  to  about 
38  mesh;  but  finer  grinding  is  resisted  by  the  hard,  dense 
magnesia  particles.  This  brick  ma¬ 
terial  has  the  following  analysis: 


SiOs 

FeO 

FeiOj 

CaO 

MgO 

(Total  Fe 


% 

8.68 

1.78 

4.68 

5.99 

78.00 

4.66) 


bles  were  porous,  the  material  was  reground  to  pass  a  48- 
mesh  screen.  A  screen  analysis  of  the  reground  material  gave 
the  following  result : 


Mesh 

Weight 

Grams 

% 

<48,  >  65 

306.0 

24.6 

>100 

274.5 

22.0 

>200 

324.5 

26.0 

<200 

343.0 

27.3 

The  various  screen  sizes  were  remixed,  in  the  proportions 
given  below,  to  give  grain  size  proportions  that  agreed  with 
a  mixture  found  satisfactory  by  the  Bureau  of  Mines  (I). 


Mesh 

<65,  >100 
>200 
<200 


% 

31.4 

30.8 

37.8 


There  is  probably  an  ideal  mix  containing  just  sufficient 
particles  of  each  size  to  fill  all  voids.  This  would  correspond 
with  the  aggregate  sizing  used  in  mixing  a  perfectly  made 
concrete.  Since  there  is  in  the  new  crucible  a  recrystalliza¬ 
tion  of  the  magnesia  grains  accompanied  by  a  precipitation  of 
cementing  material,  this  factor  is  not  so  important  in  this 
case. 

A  number  of  crucibles  were  made  with  varying  amounts  of 
moisture  in  the  mix;  in  almost  every  case  the  crucibles 
failed  by  inward  collapse  of  the  walls,  due  to  steam  pressure 
developed  between  the  crucible  and  the  mold.  It  was  found 
that  only  1  ml.  of  water  in  175  grams  of  mix  gave  a  crucible 
that  was  dry  enough  to  resist  collapse  by  steam  pressure,  and 
yet  damp  enough  to  stand  well  in  the  mold.  It  is  essential 
that  this  amount  of  moisture  be  thoroughly  mixed  with  the 
dry  material,  and  that  the  mix  be  packed  in  the  mold  before 
it  can  dry  out. 

In  some  cases  a  saturated  solution  of  boric  acid  was  used  for 
dampening  the  mix,  in  the  expectation  that  the  binding 
action  of  the  boric  acid  would  prevent  collapse  of  the  crucible 
wall.  When  the  correct  amount  of  moisture  was  established, 
no  difference  could  be  detected  between  the  use  of  tap  water 
and  boric  acid  solution.  A  saturated  solution  of  magnesium 
chloride  was  also  tried  as  a  binder  but,  again,  no  improvement 
over  tap  water  was  observed. 

The  following  method  of  filling  the  mold  was  found  the  most 
satisfactory: 

An  amount  of  crucible  mix  between  150  and  175  grams  was 
weighed  out,  depending  upon  the  height  of  side  walls  desired, 
and  was  dampened  with  1  ml.  of  tap  water  by  spreading  and 
working  with  a  spatula  until  the  moisture  was  uniformly  dis¬ 
tributed.  Between  30  and  40  grams  of  this  mix  were  placed 
in  the  mold  to  form  the  crucible  bottom.  A  tapered  wooden 


The  mold  in  which  the  crucible  is 
packed  and  fired  is  shown  in  Figure  1, 
as  it  rests  within  the  induction  fur¬ 
nace.  The  mold  material  is  graphite 
from  an  electric  furnace  electrode. 
This  machines  easily,  and  forms  a 
smooth  surface. 

The  first  crucibles  fired  were  made 
with  the  brick  mixture  crushed  to  pass 
a  38-mesh  screen  but,  as  these  cruci- 


Figure  2.  Ckttcible  Wall  ( X  100), 
Thin  Section 


Figure  3.  Crucible  Wall  (X  400), 
Thin  Section 
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plug  was  placed  in  the  mold  and  centered  with  a  spirit  level. 
The  remainder  of  the  mix  was  packed  around  the  plug  by  lightly 
tapping  the  mold  on  a  solid  support.  The  mold,  plug,  and  mix 
were  then  vibrated  on  a  “Hum-mer”  shaking  screen  until  the 
plug  could  be  turned  with  difficulty  by  the  fingers.  The  mold 
was  placed  in  its  graphite  sleeve,  in  the  furnace,  before  the 
wooden  plug  was  removed. 


Figure  4.  Crucible  Wall  ( X  1000) 

Polished  section,  showing  metallic  iron, 
magnesia,  and  binding  material 


No  difficulty  was  encountered  in  heating  the  crucible  to 
the  effective  burning  temperature  of  2000°  C.  In  fact,  so 
great  was  the  rate  of  heating  when  the  current  was  full  on, 
that  the  crucibles  were  generally  cracked  about  half-way  up 
the  side  wall.  This  cracking  was  caused  by  a  large  differential 
in  heating  the  top  and  bottom  of  the  mold,  which  was  over¬ 
come  by  slower  and  more  uniform  heating.  A  burning 
temperature  of  2000°  C.  was  selected  after  some  experimenta¬ 
tion.  Crucibles  burned  at  lower  temperatures  were  found  to 
be  porous,  and  the  contained  iron  readily  oxidized  when  sub¬ 
sequently  heated  at  1500°  C.  in  the  oxidizing  atmosphere 
of  a  gas-fired  melting  furnace.  Evidently  the  ferrites  in  the 
original  mix  are  not  decomposed  much  below  2000°  C.  Tem¬ 
peratures  higher  than  2000°  C.  were  not  used  for  fear  of 
slumping  the  walls  of  the  crucible.  After  firing  at  the  proper 
temperature  for  approximately  0.5  hour,  the  current  was  shut 
off  and  the  crucibles  were  allowed  to  cool  undisturbed  in  the 
high-frequency  furnace. 

Character  of  the  Product 


isotropic  magnesia  particles.  It  was  evident  that  the  mag¬ 
nesia  recrystallized  and  formed  grains  considerably  larger 
than  the  original  particles  in  the  brick.  Surrounding  these 
grains  and  making  a  perfect  bond  with  them  is  the  cementing 
material  described  above  (Figures  2  and  3,  thin  sections) . 

Scattered  through  the  cementing  material  are  globules  of 
iron  or,  more  exactly,  iron  carbide,  the  shape  and  character 
of  which  are  shown  in  Figure  4  (polished  section).  These 
globules  are  formed  from  the  decomposition  of  the  ferrite 
and  the  subsequent  reduction  of  the  resulting  iron  oxide. 
The  metallic  iron  formed  by  this  reaction  was  finally  car¬ 
burized  by  the  carbon  monoxide  in  the  furnace  atmosphere. 
A  10-second  treatment  of  a  polished  section  of  the  crucible, 
with  a  5  per  cent  copper  sulfate  solution,  resulted  in  the  pre¬ 
cipitation  of  metallic  copper  upon  the  globules.  However, 
although  these  particles  were  highly  magnetic,  they  were 
also  very  hard  and  brittle.  Other  tests  confirmed  the  fact 
that  the  iron-bearing  material  was  in  the  form  of  carbide. 


Figure  5.  Slag  (X  1000) 

Polished  section,  showing  magnetite  crys¬ 
tals  in  a  matrix  of  ferrous  akermanite 


When  one  of  the  finished  crucibles  was  heated  in  an  oxidiz¬ 
ing  atmosphere  at  1500°  C.  for  20  minutes,  the  zone  of  oxida¬ 
tion  was  found  to  be  not  over  0.08  cm.  (0.03  inch)  in  depth. 
The  iron  particles  in  this  zone  were  oxidized  to  ferric  oxide 
and  combined  with  the  periclase  to  form  ferrite.  Further 
oxidation  seemed  to  be  prevented  by  the  density  of  the 
crucible. 


The  novel  properties  of  the  mag¬ 
nesite  crucibles  produced  by  this 
method  are  due  to  a  complete  change 
in  the  nature  of  the  original  ferrite 
binding  material,  accompanied  by 
a  recrystallization  of  the  magnesia 
grains.  Ferrites  forming  the  bind¬ 
ing  material  of  the  original  brick  are 
completely  decomposed  at  2000°  C. 
in  the  reducing  atmosphere  of  the 
carbon  mold.  The  calcium  and  mag¬ 
nesium  oxides  are  set  free,  and 
combine  with  the  silica  to  form  di¬ 
calcium  and  dimagnesium  silicate. 
A  study  of  a  thin  section  of  the 
finished  crucible  revealed  this  silicate 
mixture  as  having  parallel  extinc¬ 
tion  and  lathe-shaped  crystals.  This 
cementing  material  surrounded  the 


Figure  6.  Crucible  Wall  and  Slag 
(X  7) 

Thin  section.  Upper  (dark)  area  is  slag. 


Figure  7.  Crucible  Wall-Slag 
Interface  (X  1000) 

Polished  section.  Dark  area  is  slag. 
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Practical  Test  of  Crucible 

To  determine  the  suitability  of  these  crucibles  as  containers 
for  molten  slags,  a  charge  consisting  of  approximately  equal 
parts  of  lime,  silica,  and  ferric  oxide,  which  had  been  found 
to  corrode  and  permeate  commercial  magnesia  and  magnesite 
crucibles,  was  melted  in  one  of  the  new  crucibles.  The 
melting  time  was  about  one-half  hour.  A  final  temperature 
of  1500°  C.  was  reached.  At  this  temperature  a  quiet  melt 
had  been  obtained,  and  the  slag  was  in  a  very  fluid  condition. 
The  gas  was  then  shut  off  from  the  furnace,  and  the  crucible 
and  contents  were  allowed  to  cool  slowly  in  the  furnace. 

The  analysis  of  this  slag,  after  melting  and  slow  cooling,  was 


found  to  be  as  follows: 

% 

SiC>2 

26.24 

FeO 

14.03 

Fe203 

21.27 

CaO 

30.66 

MgO 

8.53 

A  polished  section  showed  that  this  slag  contained  den¬ 
drites  of  magnetite  embedded  in  a  background  of  ferrous 
akermanite  (2  Ca0.Fe0.2Si02),  as  shown  in  Figure  5. 

Figures  6  and  7  are  micrographs  showing  the  boundary 
between  the  slag  and  the  crucible.  This  boundary  is  rela¬ 
tively  sharp,  and  the  crucible  wall  was  practically  impervious 
to  the  slag. 
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A  Vapor-Proof  Laboratory  Stirrer 

GEORGE  CALINGAERT,  Ethyl  Gasoline  Corporation,  Detroit,  Mich. 


A  VAPOR-PROOF  laboratory  stirrer  with  readily  available 
oil-impregnated  bronze  bearings  has  been  used  in  this 
laboratory,  in  preference  to  the  conventional  glass-in-glass 
mercury-seal  bearing,  for  carrying  out  reactions  which  call 
for  stirring  in  a  closed  system.  This  stirrer  is  an  improvement 
over  the  older  type  since  it  can  be  used  for  high-speed  stirring 
operations,  is  neither  fragile  nor  cumbersome,  eliminates  the 
use  of  mercury,  and  does  not  trap  liquid  during  the  operation. 
The  oil-impregnated  bronze  bearings  employed  in  its  con¬ 
struction  offer  enough  resistance  to  the  flow  of  vapor  to  pre¬ 
vent  leakage,  even  when  the  apparatus  is  operated  under 
slight  pressure  or  vacuum,  and  it  operates  much  more 
smoothly  than  the  conventional  mercury-seal  stirrer. 

The  latest  and  best  design,  illustrated  in  Figure  1  (left),  com¬ 
prises  a  1.59-cm.  (0.31-inch)  steel  drill  rod,  A,  fitted  at  one  end 
with  a  mixing  device  such  as  a  small  bronze  propeller  from  2.2 
to  7.5  cm.  in  diameter,  depending  on  the  size  of  the  reaction 
vessel  opening.  Such  a  propeller  is  obtainable  in  a  variety  of 
sizes  from  shops  supplying  parts  for  toy  motor  boats. 

An  equally  satisfactory  type  of  mixing  device  is  the  centrifugal 
pump  illustrated  in  Figure  1  (center).  The  combination  holder, 
bearing,  and  seal  is  a  25-cm.  length  of  0.95-cm.  (0.375-inch) 
brass  pipe,  C,  equipped  at  both  ends  with  a  pressed-in  oilless 
bearing,  B,  about  1.92  cm.  (0.75  inch)  long  and  1.59  cm.  (0.31 
inch)  in  inside  diameter.  These  bearings  are  available  on  the 
market  in  numerous  sizes  and  from  various  manufacturers  (for 
example,  Bound  Brook  Oilless  Bearing  Company,  Bunting 
Brass  &  Bronze  Company,  Amplex  Division  of  the  Chrysler 
Corp.,  Johnson  Bronze  Company,  Nolu  Oilless  Bearing  Company, 
and  Paramount  Oilless  Bearing  Company). 

A  typical  setup  using  this  type  of  stirrer  is  illustrated  in  Figure 
1  (right).  The  brass  pipe  is  fitted  into  the  stopper  of  the  flask, 
and  after  this  has  been  lined  up  and  clamped,  the  upper  end  of 
the  stirrer  shaft  is  connected  to  the  motor  shaft  by  means  of  a 
short  piece  of  heavy-walled  rubber  tubing. 

Stirrers  of  this  type  have  been  used  repeatedly  in  flasks 
containing  boiling  organic  solvents  without  any  leakage  or 
deterioration  of  the  bearings.  When  corrosive  liquids  are 
used,  the  stirrer  may  be  constructed  of  stainless  steel  or  some 
other  suitable  corrosion-resistant  alloy. 


Removal  of  Adhered  Rubber  Stoppers 

A.  J.  BAILEY,  University  of  Minnesota,  Minneapolis,  Minn. 


ONE  method  of  removing  adhered  rubber  stoppers  from 
thermometers,  Buchner  funnels,  tubing,  etc.,  is  so  sim¬ 
ple  that  it  appears  inevitable  that  it  has  been  known  and  used. 
A  search  of  the  literature  and  a  canvass  of  fellow  research 
men,  however,  have  failed  to  bring  to  light  any  knowledge  of 
existence,  and  it  would  appear  desirable  to  emphasize  its  un¬ 
usual  effectiveness. 


Figure  1 


The  only  equipment  required  is  a  small  triangular  file,  such  as 
is  usually  used  for  marking  glass  tubing  before  breaking.  Hold¬ 
ing  the  thermometer  in  one  hand,  the  tapered  hexagonal  shank  of 
the  file  is  inserted  under  the  stopper  next  to  the  glass  for  perhaps 


an  eighth  of  an  inch.  As  shown  in  Figure  1,  the  top  of  the 
technician’s  right  hand  is  rotated  toward  his  body.  Since  the 
shank  of  the  file  is  pinched  between  the  rubber  and  the  glass, 
which  have  widely  different  coefficients  of  friction,  rotation  causes 
the  side  next  the  glass  to  slide,  while  that  next  the  rubber  merely 
grips  the  rubber  and  sinks  in.  Continued  rotation  tears  the 
rubber  from  the  glass  by  lifting  the  rubber  vertically  away  from 
the  glass  surface.  After  a  portion  of  the  thermometer  periphery 
has  loosened,  the  axis  of  the  file  (as  shown  in  Figure  1)  is  shifted 
by  movement  of  the  technician’s  hand  toward  his  body,  so  that 
as  the  file  shank  moves  around  the  thermometer,  it  becomes  in¬ 
serted  more  and  more  under  the  stopper  until  finally  the  tip  ap¬ 
pears  at  the  opposite  end. 

In  this  laboratory,  no  stopper  has  failed  to  yield  to  this 
treatment.  Stoppers  which  other  workers  had  been  unable 
to  remove  (without  cutting)  were  submitted  as  a  test  of  the 
method  and  were  removed  by  a  file  shank  quickly  and  effort¬ 
lessly.  It  has  operated  on  hard  stoppers  as  well  as  gum 
stoppers,  while  size  has  little  or  no  effect.  It  is  equally  effec¬ 
tive  in  removing  tubing  stuck  to  high-vacuum  apparatus,  and 
not  only  has  greater  ease  and  speed  but  is  much  less  likely  to 
break  complex  glass  tubing  systems  than  cutting  off  the  rub¬ 
ber  tubing  with  a  knife. 

Rubber  tubing  or  stoppers  close  to  a  neck  or  side  tube  may 
be  removed  almost  as  easily,  the  only  modification  necessary 
being  that  of  working  almost  one  revolution  in  one  direction 
and  then  reversing  until  the  side  tube  blocks  the  way  again, 
with  a  little  manipulation  at  an  angle  to  loosen  the  rubber 
immediately  behind  the  side  tube.  Partial  loosening  ob¬ 
tained  by  some  methods  necessitates  jerking  or  pulling  to  re¬ 
move  the  rubber,  with  some  probability  of  breaking.  Since 
the  rubber  can  be  completely  loosened  with  a  file  shank,  this 
danger  is  eliminated. 


A  Method  for  Assembling  Thermocouples 

H.  M.  TRIMBLE,  Oklahoma  Agricultural  and  Mechanical  College,  Stillwater,  Okla. 


BRAIDED  Fiberglas  sleeving,  which  is  coming  into  use  as 
an  insulating  material  for  armature  and  other  wires, 
may  be  used  to  advantage  in  assembling  thermocouples. 

Suppose  that  a  copper-constantan  couple  is  to  be  constructed. 
The  leads  to  the  potentiometer  will,  of  course,  be  of  copper. 
Double  cotton-covered,  enameled,  or  asbestos-covered  wires  may 
be  used,  or  the  individual  bare  wires  may  be  enclosed  in  Fiberglas 
sleeving  of  small  size.  As  many  constantan  wires  as  there  are  to 
be  junctions  in  the  couple,  and  one  less  than  this  number  of  copper 
wires,  are  cut  to  the  desired  length.  They  are  gathered  into  a 
bundle,  the  end  is  doubled  back  so  that  no  sharp  point  is  ex¬ 
posed,  and  the  bundle  is  then  threaded  through  a  piece  of  sleev¬ 
ing  somewhat  longer  than  the  wires  by  expanding  the  sleeving 
and  pushing  it  over  the  advancing  end  of  the  bundle,  then  strip¬ 
ping  it  back. 

Two  additional  copper  wires  to  serve  as  potentiometer  leads 
are  introduced  near  the  middle  of  the  length  of  sleeving  surround¬ 
ing  the  bundle  of  wires  and  threaded  through  it  as  before,  one  to 
either  end.  Now  one  of  these  lead  wires  is  attached  through  a 
resistance  of  100  or  200  ohms  to  one  terminal  of  any  convenient 
battery,  and  the  other  pole  is  connected  through  a  milliammeter 
to  an  exploratory  wire.  By  touching  this  exploratory  wire  to 
various  ends  of  the  copper  wires  at  one  end  the  lead  wire  is  found. 
It  is  paired  with  one  of  the  constantan  wires  and  the  two  are 
twisted  together  and  fastened  by  soldering  or  welding.  The  other 
end  of  the  constantan  wire  which  has  just  been  connected  may  be 
found  and  connected  to  one  of  the  copper  wires.  The  various 
wires  are  thus  sought  out  and  connected  one  after  another,  the 
second  lead  wire  being  connected  last.  The  lengths  of  the  dif¬ 
ferent  pairs  should  be  varied  somewhat,  so  that  no  two  junctions 
at  one  end  fall  together.  The  junctions  may  now  be  dipped  into 


insulating  varnish  which  is  baked  on.  The  sleeving  is  drawn 
snugly  over  the  bundle  of  wires,  and  its  end  is  cut  off  beyond 
the  junctions  and  closed  by  binding  it  with  fine  wires  or  with 
insulating  varnish,  which  is  baked  on.  The  lead  wires  are  also 
threaded  through  a  piece  of  the  sleeving,  leaving  short  projecting 
ends  for  attachment  to  the  potentiometer.  It  is  then  bound  to  that 
containing  the  bundle  of  wires  with  fine  wire  to  complete  the  couple. 

Thermocouples  assembled  in  this  way  are  flexible  and 
readily  adapted  to  various  assemblies  without  the  necessity 
of  handling  a  tangle  of  loose  wires,  they  occupy  less  space 
than  those  assembled  in  glass,  porcelain,  or  metal  tubes,  and 
they  are  not  readily  broken.  Their  insulation  permits  their 
ends  to  be  slipped  into  wells  or  metal  protecting  tubes,  with 
or  without  paraffin  to  aid  in  conducting  heat.  They  have 
long  lives,  give  relatively  low  rates  of  heat  leak  from  appara¬ 
tus,  and  are  at  least  as  constant  in  calibration  as  couples 
assembled  in  other  ways.  Couples  with  as  many  as  five  junc¬ 
tions  have  been  assembled  in  this  manner  and  used,  but  still 
more  complex  ones  offer  no  difficulties. 

Fiberglas  sleeving  may  be  had  with  internal  diameters  of 
0.067  to  0.5  inch.  The  0.125-inch  size  has  been  found  best 
for  the  couples  which  the  author  has  made.  When  braided 
with  a  small  percentage  of  cotton  to  give  it  strength  it  pro¬ 
vides  satisfactory  insulation  somewhat  above  100°  C.  When 
the  cotton  is  burned  out  it  tends  to  become  brittle  and  to 
break  when  flexed,  but  its  intrinsic  insulating  properties  are 
not  impaired. 
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Determination  of  Sulfur  in  Organic  Compounds 

A  New  Microchemical  Method 


E.  W.  D.  HUFFMAN,1  University  of  Colorado,  Boulder,  Colo. 


A  new  method  for  the  determination  of 
sulfur  in  organic  compounds  is  described 
and  the  inherent  errors  are  discussed. 
The  method  applies  to  compounds  contain¬ 
ing  no  other  elements  than  carbon,  hy¬ 
drogen,  nitrogen,  sulfur,  and  oxygen.  The 
method  consists  of  two  parts  (1)  a  reaction 
between  the  oxides  of  sulfur,  formed  during 
a  catalytic  combustion,  and  metallic  silver 
with  the  quantitative  formation  of  silver 
sulfate;  (2)  the  electrodeposition  of  the 
silver  from  the  silver  sulfate.  The  plating 
is  carried  out  in  dilute  isopropyl  alcohol 
solution.  Carbon-hydrogen  values  may  be 
obtained  simultaneously. 

IT  IS  well  known  that  the  silver  filling  in  the  carbon- 
hydrogen  combustion  tube  is  vigorously  attacked  when 
compounds  containing  sulfur  are  burned  and  that  silver  sul- 
[ate  is  formed.  It  was  found  that  with  compounds  contain¬ 
ing  no  elements  other  than  carbon,  hydrogen,  oxygen,  and 
sulfur  good  results  could  be  obtained  for  carbon  and  hydrogen 
when  only  silver  was  present  in  the  tube  filling;  evidently 
all  the  sulfur  was  retained.  This  has  recently  been  con¬ 
firmed  (S). 

Reactions  between  the  oxides  of  sulfur  and  elemental  silver 
in  an  atmosphere  of  oxygen  have  been  reported  ( 2 ,  9).  That 
the  reaction  with  sulfur  trioxide  is  quantitative  was  pointed 
out  by  Dennstedt  (4?),  and  by  Kirner  (4),  who  suggested  the 
possibility  of  using  this  reaction  as  a  basis  for  a  sulfur 
determination. 


the  basis  of  a  new  method  for  determining  sulfur  in  organic 
compounds  which  may  contain  carbon,  hydrogen,  nitrogen, 
and  oxygen.  The  factor,  S:2  Ag,  is  very  favorable,  1  mg.  of 
sulfur  being  equivalent  to  6.73  mg.  of  silver.  The  method 
has  been  in  use  for  about  3  years,  during  which  time  many 
modifications  have  been  studied.  The  apparatus  and  pro¬ 
cedure  described  below  were  found  to  be  the  best. 

Apparatus 

The  combustion  tube  is  made  from  Jena  Supremax  glass  10 
mm.  in  diameter  (Figure  1),  and  is  equipped  with  a  side  arm,  a. 
Forty-two  centimeters  from  the  side  arm  and  extending  for  about 
20  cm.  the  tube  is  indented  on  top  so  that  the  indentations  dip 
to  within  1  mm.  of  the  top  of  the  platinum-gauze  boats  (Figure  1, 
B,  and  Figure  2)  which  contain  the  silver  pellets.  Two  boats, 
B,  are  shown  in  position  in  Figure  1.  These  boats  (Figure  2) 
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Figure  1.  Combustion  Tube 

The  formation  of  silver  sulfate  plus  a  subsequent  electro¬ 
deposition  of  the  silver  from  the  silver  sulfate  has  been  made 

1  Present  address,  Huffman  Microanalytical  Laboratories,  505  Majestic 
Bldg.,  Denver,  Colo. 


Figure  2.  Boat 

are  made  of  52-mesh  gauze,  are  semicylindrical  in  shape,  and 
are  reinforced  around  the  top  with  a  platinum  wire.  The  in¬ 
dentations  are  easily  made  by  placing  one  of  the  boats  in  posi¬ 
tion,  heating  the  glass  with  the  oxygen-gas  torch,  and  pulling 
the  glass  down  toward  the  top  of  the  boat.  If  well  annealed, 
this  portion  is  as  strong  as  the  rest  of  the  tube.  The  tube  extends 
beyond  the  indentations  about  7  cm.  This  exit  end  is  equipped 
with  a  cork  and  protecting  tube,  C,  conveniently  made  from  a 
13  X  100  mm.  Pyrex  test  tube,  and  has  a  drawn-down  end  for 
rubber  tubing. 

Combustion  Train.  Oxygen  and  nitrogen  are  used.  Run¬ 
ning  in  parallel  from  the  two  cylinders  are  a  pressure  regulator, 
precision  pinchclamp,  bubble  counter,  and  preheater.  The  pre¬ 
heater  for  oxygen  is  filled  with  “molecular” 
silver;  the  one  for  nitrogen  with  finely  divided 
reduced  copper.  The  preheaters  converge  to 
a  three-way  stopcock  which  is  connected  to  the 
side  arm  of  the  combustion  tube  through  an 

\ _  Anhydrone  tube.  The  exit  end  of  the  com- 

c  -  bustion  tube  is  connected  to  a  Mariotte  bottle, 

the  side  arm  of  which  is  kept  in  a  horizontal 
position  during  use.  It  is  best  to  use  steamed- 
out  rubber  tubing  for  all  connections  up  to  the 
combustion  tube. 

The  section  of  the  tube  just  before  the  in¬ 
dentations  contains  platinum  contacts  (Figure  1,  D)  of  any  type. 
A  very  efficient  contact,  which  effects  a  thorough  mixing  of  the 
gases,  is  pictured  in  Figure  3.  The  cylinder,  which  is  only  slightly 
less  in  diameter  than  the  combustion  tube,  is  made  of  fine- 
meshed  platinum  gauze.  Strung  on  a  fight  platinum  wire  are 
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circular  baffles  made  of  thin  platinum  foil,  placed  at  right  angles 
to  the  axis  of  the  cylinder  and  fitting  the  cylinder  snugly. 

The  sections  containing  the  platinum  contacts  and  the  silver 
pellets  in  the  platinum  gauze  boats  are  best  heated  electrically 
and  with  furnaces  about  20  cm.  long  which  may  be  pushed  back 
from  the  tube  without  disturbing  it.  The  type  of  long  furnace 
described  by  Hallett  (S)  has  been  found  convenient. 


Figure  3.  Contact 

The  contacts  are  maintained  at  about  600°  C.,  and  the  silver 
at  about  450°  C.  Both  furnaces  should  be  equipped  with  ther¬ 
mocouples,  particularly  the  one  for  the  silver.  The  section  con¬ 
taining  the  silver  may  be  heated  with  gas,  this  part  being  held 
in  a  centrally  bored  aluminum  bar  5  cm.  in  diameter  and  the 
apparatus  arranged  so  that  the  tube  may  be  pushed  forward  for 
cooling. 

Electrolytic  Apparatus.  The  assembled  cell  is  shown  in 
Figure  4,  A.  The  upper  part  is  made  of  28-mm.  and  the  lower 
of  19-mm.  (outside  diameter)  Pyrex  glass  tubing.  A  small 
amount  of  ground  glass  (ca.  40-mesh)  is  sintered  to  the  bottom, 
E,  to  aid  even  boiling.  During  electrolysis  the  silver  pellets  are 


held  in  part  B.  Above  this  is  a  tube,  C,  5  mm.  in  outside  di¬ 
ameter,  and  flared  at  the  bottom,  the  flare  being  4  mm.  less  than 
the  diameter  of  the  cell  at  this  point.  Three  feet  are  fused  onto 
the  flare  to  hold  it  centrally.  The  platinum  gauze  boats  are 
placed  around  tube  C  during  electrolysis;  one,  D,  is  shown  in 
position. 

The  electrodes  are  held  in  the  upper  portion  of  the  cell  on  an 
electrode  holder  similar  to  the  one  described  by  Clarke  and 
Hermance  ( 1 ).  The  flare  on  the  central  tube  of  the  holder  is 
just  large  enough  to  accommodate  the  end  of  tube  C  loosely;  if 
larger,  it  interferes  with  the  desired  circulation  throughout  the 
whole  cell.  The  electrodes  are  of  the  same  design  and  diameter 
as  those  described  by  Clarke  and  Hermance  (18  and  9  mm.) 
but  are  22  to  23  mm.  in  height.  The  electrode  holder  is  made 
proportionately  longer.  The  baffle,  fitting  into  the  top  of  the 
cell  and  holder,  has  a  glass  rod  fused  on  below  the  smaller  bulb, 
long  enough  to  contact  tube  C  and  help  hold  it  in  place.  The 
cell  is  heated  from  below  with  a  microbumer,  a  current  being  set 
up  through  tube  C  and  the  central  tube  of  the.  holder.  To  re¬ 
move  the  solution  after  electrolysis  a  siphon  tube  (Figure  4, 
F),  connected  to  an  aspirator  through  a  suction  flask,  fits  into 
the  cell  in  place  of  the  baffle  and  extends  into  the  silver. 

Small  clips,  especially  for  the  cathode,  are  preferable  to  mer¬ 
cury  cups  for  connecting  the  leads. 

A  conventional  electrical  hookup  is  used.  The  current  con¬ 
sumption  is  very  low,  so  that  a  bank  of  three  dry  cells  in  series 
is  adequate  as  a  source.  Radio  volume  controls  may  be  used 
as  rheostats.  A  0-  to  50-milliameter  and  a  0-  to  5-voltmeter  are 
employed. 


Table  I.  Determination  of  Sulfur 


Sample 
Diphenyl  sulfone 


Thiodiphenylamine 


Sulfanilic  acid 


Benzene  sulfonamide 


Sulfonal 


Benzothiazolethiol 


2,2'-Dithiobisbenzothiazole 


Thiourea 


Sample 

Ag 

Ag 

Ag, 

Difference 

S 

S 

S 

Weight 

Found 

Theory 

from  Theory 

Uncorrected 

Corrected 

Theory 

Mg. 

Mg. 

Mg. 

Mg. 

% 

% 

% 

% 

3.019 

2.979 

2.984 

-0.005 

-0.18 

14.66 

14.69 

14.69 

4.101 

4.035 

4.054 

-0.019 

-0.47 

14.62 

14.65 

3.555 

3.511 

3.514 

-0.003 

-0.08 

14.68 

14.70 

3.457 

3.413 

3.417 

-0.004 

-0.12 

14.67 

14.70 

2.386 

2.356 

2.359 

-0.003 

-0.11 

14.67 

14.70 

2.004 

1.980 

1.981 

-0.001 

-0.05 

14.68 

14.71 

1.217 

1.199 

1.203 

-0.004 

-0.30 

14.64 

14.67 

1.468 

1.579 

1.590 

-0.011 

-0.66 

15.98 

16.02 

16.09 

2.987 

3.229 

3.234 

-0.005 

-0.16 

16.06 

16.10 

5.176 

5.592 

5.604 

-0.012 

-0.22 

16.05 

16.09 

4.523 

4.882 

4.897 

-0.015 

-0.31 

16.04 

16.07 

3.002 

3.248 

3.251 

-0.003 

-0.08 

16.08 

16.11 

0.996 

1.075 

1.078 

-0.003 

-0.32 

16.04 

16.07 

2.296 

2.851 

2.860 

-0.009 

-0.30 

18.45 

18.49 

18.51 

3.237 

4.023 

4.033 

-0.010 

-0.24 

18.47 

18.50 

5.275 

6.560 

6.572 

-0.012 

-0.18 

18.48 

18.52 

2.758 

3.765 

3.786 

-0.021 

-0.55 

20.28 

20.33 

20.40 

2.749 

3.768 

3.773 

-0.005 

-0.12 

20.37 

20.41 

3.984 

5.455 

5.469 

-0.014 

-0.25 

20  35 

20.39 

4.236 

5.803 

5.814 

-0.011 

-0.20 

20.36 

20.40 

1.878 

2.570 

2.578 

-0.008 

-0.30 

20.33 

20.38 

1.011 

1.387 

1.388 

-0.001 

-0.08 

20.39 

20.42 

3.052 

5.752 

5.768 

-0.016 

-0.28 

28.00 

28.06 

28.08 

2.799 

5.285 

5.290 

-0.005 

-0.10 

28.06 

28.11 

2.135 

4.029 

4.035 

-0.006 

-0.15 

28.04 

28.10 

3.996 

7.534 

7.552 

-0.018 

-0.24 

28.02 

28.07 

4.188 

10.776 

10.806 

-0.030 

-0.28 

38.23 

38.31 

38.34 

3.398 

8.747 

8.767 

-0.020 

-0.23 

38.25 

38.33 

3.403 

8.753 

8.780 

-0.027 

-0.31 

38  22 

38.30 

2.112 

5.435 

5.449 

-0.014 

-0.26 

38.24 

38.32 

2.439 

6.286 

6.293 

-0.007 

-0.11 

38.30 

38.37 

2.265 

5.834 

5.844 

-0.010 

-0.17 

38.27 

38.35 

3.010 

7.758 

7.766 

-0.008 

-0.10 

38.30 

38.38 

1.200 

3.094 

3.096 

-0.002 

-0.07 

38.31 

38.39 

3.412 

8.841 

8.857 

-0.016 

-0.18 

38.50 

38.58 

38.57 

3.984 

10.311 

10.342 

-0.031 

-0.30 

38.46 

38.53 

2.771 

7.184 

7.193 

-0.009 

-0.12 

38.52 

38.60 

1.548 

4.008 

4.018 

-0.010 

-0.26 

38.47 

38.55 

1.185 

3.073 

3.076 

-0.003 

-0.10 

38.53 

38.61 

2.092 

5.415 

5.431 

-0.016 

-0.29 

38.46 

38.54 

4.244 

10.995 

11.017 

-0.022 

-0.20 

38.50 

38.57 

3.118 

8.069 

8.094 

-0.025 

-0.31 

38.45 

38.53 

5.012 

12.975 

13.010 

-0.035 

-0.27 

38.47 

38.55 

2.871 

8.122 

8.138 

-0.016 

-0.19 

42.04 

42.12 

42.12 

5.086 

14.387 

14.416 

-0.029 

-0.20 

42.03 

42.12 

4.477 

12.641 

12.690 

-0.049 

-0.39 

41.96 

42.04 

3.810 

10.789 

10.799 

-0.010 

-0.09 

42.08 

42.16 

3.193 

9.045 

9.050 

-0.005 

-0.06 

42.09 

42.18 

2.027 

5.725 

5.745 

-0.020 

-0.34 

41.97 

42.05 

1.226 

3.467 

3.475 

-0.008 

-0.23 

42.02 

42.10 

1.994 

7.138 

7.159 

-0.021 

-0.29 

53.19 

53.30 

53.35 

2.341 

8.373 

8.405 

-0.032 

-0.40 

53.15 

53.25 

2.939 

10.527 

10.552 

-0.025 

-0.23 

53.22 

53.33 

3.172 

11.359 

11.388 

-0.029 

-0.26 

53.21 

53.32 

Dithiooxamide 
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Reagents 

Silver  pellets,  1  mm.  in  diameter  and  1  mm.  high,  are  made  with 
a  punch  1  mm.  in  diameter  from  sheet  silver  1  mm.  thick,  rolled 
from  a  bar  at  least  5  mm.  thick.  The  silver  should  be  of 
“spectrographic  fine”  grade,  and  the  pellets  should  be  as  dense 
as  possible.  One  ounce  (31  grams)  of  the  sheet  makes  enough 
pellets  for  two  fillings.  The  new  pellets  are  treated  with  hot 
1  to  1  sulfuric  acid  to  remove  foreign  matter  from  the  punch,  etc. 

Molecular  silver  is  prepared  in  the  usual  way,  and  used  in  the 
oxygen  preheater.  Copper,  40-mesh,  is  reduced  in  hydrogen  and 
used  in  the  nitrogen  preheater.  Isopropyl  alcohol,  analyzed 
grade,  magnesium  sulfate  heptahydrate,  analyzed  grade,  an 
oxygen  cylinder  a  nitrogen  cylinder,  and  distilled  water  are  also 
required. 


Procedure 

The  silver  pellets,  which  are  kept  under  a  little  isopropyl 
alcohol  in  a  glass-stoppered  test  tube,  are  transferred  to  the 
platinum  gauze  boats  with  the  aid  of  a  glass  rod  flattened  at  one 
end.  The  gauze  boats  are  best  held  on  a  small  glass  stand, 
similar  in  design  to  the  stand  usually  used  for  carbon  and  hydro¬ 
gen  absorption  tubes,  which  is  kept  in  a  small  petri  dish.  The 
boats  should  be  filled  just  level  with  the  top,  so  that  they  will  pass 
easily  under  the  depressions  in  the  combustion  tube.  The  filled 
boats  are  placed  in  an  oven  (110°  C.)  for  5  minutes  to  drive  off 
the  isopropyl  alcohol  and  are  then  transferred  with  platinum- 
tipped  forceps  directly  from  the  oven  into  the  exit  end  of  the 
combustion  tube  through  which  a  stream  of  oxygen  (4  to  5  cc. 
per  minute)  is  passing.  They  are  pushed  into  place  with  a 
platinum  wire  fastened  to  a  thin  glass  rod.  As  soon  as  the  boats 
are  in  place  and  connection  is  made  to  the  Mariotte  bottle,  the 
furnaces,  already  at  the  proper  temperatures,  are  pulled  over 
the  tube. 

A  maximum  of  four  boats,  each  containing  2.5  to  3  grams  of 
pellets,  are  employed.  One  boat  will  handle  up  to  about  0.5  mg. 
of  sulfur;  two  boats,  1.5  mg.;  three  boats,  2.5  mg;  four  boats, 
4  mg.  (Three  boats  were  used  for  all  samples  reported  in  Table 

In  2  to  3  minutes  after  the  furnaces  are  over  the  tube  the 
sample  is  introduced  in  a  platinum  boat  and  the  combustion  car¬ 
ried  out  with  the  usual  precautions.  After  the  sample  has  been 
burned  away,  the  tube  is  heated  through  again,  starting  about 
3  cm.  in  front  of  the  original  position  of  the  wire  gauze.  The 
tube  is  heated  directly,  the  flame  encircling  it.  Although  no 
backlash  is  usually  visible,  small  amounts  of  material  almost 
invariably  pass  backward  during  combustion,  and  on  the  second 
beating  a  minute  drop  or  thin  white  fumes  may  form  as  the 
burner  approaches  the  furnace.  After  the  second  heating  is 
completed  the  three-way  stopcock  is  turned  and  nitrogen  passed 
through  the  tube  at  a  rate  of  10  cc.  per  minute.  After  50  cc.  of 
nitrogen  have  passed  through  the  tube  the  furnaces  are  pushed 
back  and  the  silver  filling  is  allowed  to  cool  in  the  nitrogen  stream 
(the  silver  may  be  left  in  this  condition  under  pressure  in  nitrogen 
overnight). 

The  clean,  dry  cell  with  tube  C  in  place  (Figure  4)  is  kept  in  the 
oven  during  the  combustion.  When  the  silver  is  near  room  tem¬ 
perature  the  cell  is  removed  from  the  oven  (a  150-cc.  Erlenmeyer 
flask  is  a  convenient  stand  for  the  hot  cell)  and  a  few  drops  of 
isopropyl  alcohol  are  added.  This  volatilizes  and  displaces  most 
of  the  air.  The  boats  of  pellets  are  immediately  withdrawn  from 
the  tube  and  dropped  into  the  cell,  so  that  they  fall  around  tube 
C,  and  3  cc.  of  isopropyl  alcohol  are  added.  The  cell  is  tapped 
so  that  the  pellets  fall  out  of  the  boats  into  the  bottom  of  the 
cell  (Figure  4,  B ).  The  electrodes  on  the  holder  are  placed  in 
the  cell  (Figure  4,  A)  and  the  cell  is  clamped  on  a  stand  over  the 
microburner.  (The  cathode  is  cleaned  with  hot  concentrated 
nitric  acid,  rinsed  with  distilled  water,  dried  in  an  oven  at 
110°  C.  for  10  minutes,  cooled,  and  weighed.)  The  isopropyl 
alcohol  is  heated  to  boiling  and  1  cc.  of  a  3  per  cent  magnesium 
sulfate  solution  is  added,  followed  by  hot  distilled  water  up  to  the 
bottom  of  the  electrode  holder.  The  solution  is  allowed  to  mix 
for  a  minute  or  so.  Meanwhile  electrical  contact  is  made,  except¬ 
ing  for  the  electrolyte,  and  the  voltage  is  set  near  1.5  volts.  The 
cell  is  then  filled  with  hot  distilled  water  to  1  to  2  mm.  above  the 
central  tube  of  the  electrode  holder  and  the  baffle  is  inserted. 
The  flame  is  so  adjusted  that  the  boiling  is  vigorous  and  even. 
Boiling  must  be  continued  throughout  the  deposition. 

The  voltage  is  so  adjusted  that  15  milliamperes  flow  (1  to  1.5 
volts).  In  a  very  few  minutes,  depending  upon  the  quantity  of 
silver  ion  present,  when  about  98  per  cent  has  been  deposited, 
there  is  an  abrupt  drop  in  conductance.  The  voltage  is  read j  usted 
(2  to  2.5  volts),  so  that  20  milliamperes  flow  and  this  is  con¬ 
tinued  for  30  minutes,  during  which  there  will  be  an  abrupt  in¬ 


crease  in  conductance.  However,  it  is  not  necessary  to  re¬ 
adjust  the  current. 

If  the  cell  was  well  cleaned  there  will  be  a  continuous  flow  of 
condensate  from  the  baffle  down  the  cell  walls.  Any  drops  that 
form  should  be  washed  down  with  distilled  water  about  15 
minutes  before  the  end  of  the  deposition. 

At  the  end  of  30  minutes  the  flame  is  extinguished,  the  baffle 
removed,  and  the  siphon  inserted.  The  solution  is  siphoned  off 
while  cold  distilled  water  is  introduced  into  the  cell  until  the 
current  flow  indicates  that  the  electrolyte  has  been  displaced. 
The  cell  is  then  allowed  to  empty,  the  electrical  contact  is  broken, 
and  the  silver  pellets  are  immediately  covered  with  a  little 
isopropyl  alcohol. 

The  holder  with  the  electrodes  is  removed  to  a  clean  dish,  the 
cathode  removed  with  platinum  tipped  forceps,  and  the  lead 
washed  with  a  spray  of  distilled  water.  The  cathode  is  hung 
in  the  oven  for  10  minutes  (110°  C.),  then  removed  to  near  the 
balance,  and  weighed  when  cool. 

The  electrode  holder  and  anode  are  covered  to  protect  them 
from  dust.  It  is  not  necessary  to  clean  the  anode  between 
depositions  if  properly  used  and  protected. 

Some  of  the  silver  pellets  adhere  in  clusters,  which  are  broken 
up  with  a  glass  rod  in  either  the  cell  or  test  tube.  These  clusters 
interfere  only  as  they  make  the  filling  of  the  boats  more  difficult. 
If  another  analysis  is  to  follow  immediately,  the  boats  are  filled 
directly  from  the  cell;  if  not,  the  pellets  and  isopropyl  alcohol 
are  transferred  to  the  stoppered  test  tube. 

Table  I  presents  a  recent  series  of  determinations  on  known 
compounds,  interspersed  with  determinations  on  unknown 
materials.  Before  calculating  the  per  cent  of  sulfur  an 
amount  equal  to  0.2  per  cent  of  the  weight  of  the  silver  found 
is  added  to  the  weight  of  the  silver. 

Setting  Up  New  Apparatus 

Before  a  new  setup  is  used  it  is  necessary  to  carry  out  the 
full  procedure,  employing  a  large  excess  of  sulfur  and  prefer¬ 
ably  using  about  0.05  cc.  of  concentrated  sulfuric  acid.  (The 
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excess  sulfuric  acid  is  driven  out  the  open  end  of  the  combus¬ 
tion  tube.)  The  silver  should  be  completely  coated  with 
silver  sulfate,  but  it  is  not  necessary  to  plate  all  the  silver 
from  the  silver  sulfate  formed.  The  silver  is  boiled  in  the 
plating  solution  for  15  minutes  and  the  solution  is  siphoned  off. 
The  electrodes  are  then  introduced,  fresh  solvent  is  added,  and 
the  deposition  is  carried  to  completion  as  described  above. 


Table  II.  Results  of  Plating 


Ag2S04 

Ag 

Ag 

Sample 

Found 

Theory 

- - Ag 

Error - . 

Mg. 

Mg. 

Mg. 

Mg. 

% 

2.022 

1.398 

1.399 

-0.001 

-0.07 

4.276 

2.960 

2.959 

+0.001 

+0.04 

5.117 

3.538 

3.541 

-0.003 

-0.09 

7.167 

4.949 

4.959 

-0.010 

-0.20 

8.974 

6.205 

6.209 

-0.004 

-0.07 

11.106 

7.678 

7.684 

-0.006 

-0.08 

13.878 

9.600 

9.603 

-0.003 

-0.03 

15.010 

10.377 

10.386 

-0.009 

-0.09 

16.854 

11.655 

11.663 

-0.008 

-0.07 

19.445 

13.437 

13.455 

-0.018 

-0.13 

23.663 

16.352 

16.373 

-0.021 

-0.13 

25.182 

17.403 

17.424 

-0.021 

-0.12 

39.893 

27.580 

27.601 

-0.021 

-0.08 

Silver  Pellets  Present  during  Electrolysis 

2.470 

1.710 

1.709 

+  0.001 

+0.06 

5.231 

3.621 

3.619 

+0.002 

+  0.06 

7.053 

4.879 

4.880 

-0.001 

-0.02 

10.262 

7.094 

7.101 

-0.007 

-0.10 

11.314 

7.832 

7.828 

+  0.004 

+0.05 

13.006 

8.994 

8.999 

-0.005 

-0.05 

15.765 

10.905 

10.908 

-0.003 

-0.03 

20.006 

13.839 

13.846 

-0.007 

-0.05 

21.134 

14.606 

14.623 

-0.017 

-0.11 

23.232 

16.073 

16.075 

-0.002 

-0.01 

The  new  combustion  tube  will  retain  a  small  amount  of 
sulfur,  apparently  as  alkali  sulfate.  The  section  of  the  tube 
around  the  silver  may  become  cloudy.  The  tube  may  be 
washed  out  with  distilled  water  (in  which  case  the  first  result 
will  be  slightly  low)  or  used  without  further  treatment. 

Treating  the  pellets  with  excess  sulfur  serves  to  loosen  any 
small  adhering  fragments  and  to  increase  their  surface  by 
etching,  making  a  more  active  filling. 

It  is  essential  that  the  platinum  gauze  boats  be  boiled  in  a 
solution  of  silver  sulfate. 

After  the  deposition  is  complete  a  blank  should  be  run  to 
make  sure  that  the  silver  is  in  good  condition.  The  pro¬ 
cedure  is  carried  out  in  full  as  described,  except  that  no 
compound  is  burned  (unless  it  contains  no  elements  other 
than  carbon,  hydrogen,  oxygen,  and  nitrogen).  A  drop  of 
1  N  sulfuric  acid  is  added  to  the  plating  mixture  to  simulate 
the  actual  conditions  of  electrolysis.  The  blank  determined 
in  this  way  should  not  exceed  0.01  mg.  and  is  usually  less  than 
0.005  mg. 

Plating 

An  anodic  deposit  of  silver  peroxide,  or  peroxysulfate,  is 
formed  when  silver  sulfate  is  plated  from  neutral  or  slightly 
acid  solutions.  Reported  in  the  literature  are  successful 
analytical  methods  involving  cyanide  or  ammoniacal  solu¬ 
tions.  Cyanide  dissolves  silver  readily,  and  it  was  found 
that  ammonium  hydroxide  does  to  a  small  extent.  A  search 
was  made  for  a  solution  conducive  to  good  plating  which  did 
not  attack  the  elemental  silver,  so  that  a  separate  washing 
of  the  pellets  would  not  be  necessary. 

As  the  anodic  deposit  of  silver  peroxide,  formed  when  only 
the  simple  silver  ion  is  present,  is  a  good  oxidizing  agent, 
it  was  proposed  to  introduce  a  reducing  agent  which  would 
set  the  silver  free,  so  that  it  would  be  transferred  to  the 
cathode.  Ethanol  was  tried  first;  no  anode  deposit  was 
formed  but  the  plate  on  the  cathode  was  not  very  adherent, 
probably  because  of  the  formation  of  acetic  acid.  Weak 
acids  have  a  tendency  to  promote  a  somewhat  inferior  plate. 
A  very  excellent  plate  is  obtained  with  a  secondary  alcohol; 


isopropyl  alcohol  has  proved  the  best.  An  attempt  was  made 
to  use  secondary  butyl  alcohol,  which  has  a  boiling  point  very 
near  that  of  the  solution,  but  a  number  of  high  results  were 
obtained  and  it  was  found  that  traces  of  a  resinous  material, 
insoluble  in  water  and  only  difficultly  soluble  in  alcohol  and 
ether,  were  formed.  The  reaction  is  apparently  much  more 
complex  than  was  first  assumed.  If  the  anode  is  coated  with 
the  peroxide  and  then  an  attempt  is  made  to  transfer  the 
silver  to  the  cathode  using  the  dilute  isopropyl  alcohol  solu¬ 
tion,  only  small  percentages  are  transferred  in  long  periods 
of  plating.  The  peroxide  is  apparently  reduced,  but  the 
resulting  silver  is  not  readily  transferred.  This  may  be 
further  illustrated  by  attempting  to  transfer  elemental  silver 
from  the  anode  to  the  cathode.  No  indication  of  the  reduc¬ 
tion  of  the  silver  sulfate  by  the  boiling  isopropyl  alcohol  has 
been  observed. 

It  is  essential  that  the  solution  be  at  or  very  near  the  boil¬ 
ing  point  throughout  the  deposition,  as  the  anodic  deposit 
forms  at  lower  temperatures,  and  that  the  electrodes  com¬ 
plete  electrical  contact  immediately  upon  immersion.  (If 
the  solution  cools,  the  anode  must  be  cleaned  before  the  next 
deposition.) 

It  is  unnecessary  to  rinse  the  cathode  with  any  solvent 
other  than  water,  but  alcohol  and  ether  may  be  used  to  speed 
up  the  drying  if  desired. 

Results  of  plating  are  shown  in  Table  II. 

Discussion 

The  Blank.  The  nitrogen  and  the  magnesium  sulfate 
are  used  to  control  the  blank.  If  the  silver  is  allowed  to  cool 
in  a  stream  of  oxygen  a  thin  layer  of  silver  oxide  is  formed, 
equivalent  to  about  0.050  mg.  of  silver  for  5  grams  of  pellets. 
Silver  oxide  decomposes  with  increase  in  temperature  and 
the  decomposition  pressure  at  450°  C.  is  extremely  high  (6). 
It  reforms  upon  cooling  in  the  presence  of  oxygen.  If  the 
oxygen  is  displaced  with  nitrogen  and  the  silver  is  allowed  to 
cool  in  an  atmosphere  of  nitrogen  the  oxide  does  not  form. 
The  few  drops  of  isopropyl  alcohol  added  to  the  hot  cell 
serve  to  displace  the  air  and  protect  the  silver  if  it  has  not 
been  allowed  to  cool  completely  to  room  temperature.  Even 
when  this  factor  is  controlled  there  will  remain  a  variable 
blank  amounting  to  as  much  as  0.03  mg.  for  5  grams  of 
pellets,  due  to  colloidal  solution  of  the  silver  in  the  boiling 
solvent.  If  an  electrolyte  is  added  this  effect  is  minimized 
and  the  blank  will  be  about  0.005  mg. 

Thirty  milligrams  of  magnesium  sulfate  heptahydrate, 
added  in  solution  as  a  matter  of  convenience  in  measuring, 
have  been  found  sufficient;  larger  amounts  increase  the  plating 
time.  The  magnesium  sulfate  is  not  essential  to  the  plating, 
but  is  a  factor  in  controlling  the  blank.  The  doubly  charged 
magnesium  ion  is  more  effective  than  an  ion  with  single 
charge. 

Because  of  the  tendency  of  silver  to  go  into  colloidal  sus¬ 
pension  the  use  of  very  finely  divided  silver  (molecular 
silver)  is  out  of  the  question. 

If  the  pellets  are  mostly  coated  with  silver  sulfate,  both 
factors  of  the  blank  are  greatly  minimized.  The  coated 
portion  will  not  be  readily  attacked  by  the  oxygen,  and  the 
silver  sulfate  is  an  electrolyte  and  serves  to  minimize  the 
formation  of  colloidal  silver.  It  was  found  that  good  results 
could  be  obtained  in  the  absence  of  nitrogen  and  added  elec¬ 
trolyte  if  the  amount  of  sulfur  involved  fell  within  certain 
limits  relative  to  the  amount  of  silver  filling. 

The  use  of  preheaters  depends  on  the  purity  of  th,e  oxygen 
and  nitrogen  available.  There  are  usually  traces  of  oxygen 
in  the  nitrogen.  Just  what  is  present  in  the  oxygen  that 
causes  the  slight  increase  in  blank  value  has  not  been  de¬ 
termined.  In  the  absence  of  the  preheaters  the  blank  values 
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ad  analytical  results  are  more  variable;  the  blank  value 
yerages  slightly  higher  than  0.01  mg. 

A  small  variable  was  encountered  in  connection  with  the 
istilled  water,  which  was  made  in  an  all-Pyrex  glass  still 
aving  two  Kjeldahl  traps.  Tap  water,  treated  with  a  little 
otassium  permanganate  and  distilled  once,  was  satisfactory 
lost  of  the  time,  but  on  two  or  three  occasions  increases  in 
lank  values  were  traced  to  it.  If  a  few  pieces  of  silver  foil 
re  placed  in  the  boiling  flask  the  water  is  consistently  good. 
The  reagents  must  be  free  of  metals  which  will  be  deposited 
nder  the  same  conditions  of  plating.  The  only  one  en- 
auntered  was  iron.  One  sample  of  magnesium  sulfate  was 
iund  to  contain  0.02  per  cent  of  iron  and  one  sample  of  silver 
as  contaminated  with  iron.  Both  led  to  high  results. 

It  is  best  to  protect  the  combustion  tube  by  connecting  it 
r  a  Mariotte  bottle,  particularly  if  gas  heating  is  employed, 
.pparently  sulfurous  fumes  from  the  gas  diffuse  into  the 
pen  combustion  tube,  leading  to  a  higher  blank  value  in  the 
lver  nearest  the  exit  end. 

If  the  pellets  are  in  daily  use  the  blank  value  remains  low, 
ut  if  they  stand  for  some  time,  even  in  the  isopropyl  alcohol, 
higher  result  (0.01  to  0.03  mg.)  will  be  obtained  on  the 
blowing  determination.  Pellets  that  have  stood  for  some 
me  should  be  boiled  in  the  plating  solution  for  a  few  minutes 
efore  use. 

Combustion.  The  temperature  of  the  platinum  contacts 
lould  be  maintained  at  about  600°  C.  At  temperatures 
sceeding  700°  C.  low  results  were  obtained  and  if  the 
latinum  contacts  were  washed  the  resulting  solution  gave  a 
jst  for  sulfate — very  weak  after  one  combustion,  but  ap- 
reciable  after  two  or  three.  This  phenomenon  was  not 
oticed  at  the  lower  temperature. 

It  is  recommended  that  the  silver  be  heated  to  about 
50°  C.  Quantitative  formation  of  silver  sulfate  was  found  to 
ike  place  at  350°  C.,  but  the  capacity  of  the  silver  filling  was 
ery  low  at  this  temperature.  The  silver  becomes  more  and 
lore  active  as  the  temperature  increases  and  good  results 
rere  obtained  at  550°  C.  At  temperatures  approaching 
00°  C.  and  above  the  silver  pellets  form  clusters  that  are 
ifficult  to  remove  from  the  boats.  (All  temperatures  were 
hecked  with  a  high-temperature  mercury  thermometer.) 
Since  the  temperature  necessary  for  quantitative  formation 
f  sulfur  trioxide  in  the  system  2SO2  +  O2  <=*  2SO3  is  400°  C. 
5),  sulfur  dioxide  may  also  be  quantitatively  retained  by 
be  silver  ( 9 ). 

Correction  Factor.  As  illustrated  in  Table  I,  the  results 
re  on  the  average  low  by  an  amount  very  close  to  0.2  per  cent 
f  the  silver  theoretically  available.  (This  value  was  not 
etermined  by  direct  averaging  but  results  were  weighted,  de¬ 
ending  upon  the  course  of  the  individual  determinations.) 
'he  error  is  not  so  evident  where  small  amounts  of  sulfur  are 
oncerned  but  is  obvious  with  the  larger  quantities.  This 
rror  was  made  the  subject  of  a  rather  intensive  investigation, 
ut  has  only  been  certainly  accounted  for  in  part. 

One  small  positive  error  in  the  method — the  blank — is 
roportional  to  the  amount  of  silver  surface  present  but  is  so 
mall  that  it  can  be  considered  constant.  Table  II  shows 
bat  the  plating  results  are  all  low,  as  is  to  be  expected.  In 
be  absence  of  the  silver  pellets  this  amounts  to  a  little  less 
ban  0.1  per  cent  and  in  their  presence  to  about  0.05  per  cent, 
bout  0.15  per  cent  of  the  silver  theoretically  available  re- 
lains  to  be  accounted  for. 

It  is  essential  that  the  platinum  gauze  boats  be  boiled  in  a 
ilver  sulfate  solution  before  being  used.  Silver  is  deposited 
n  the  platinum  during  this  boiling,  primarily  in  proportion 
a  the  amount  of  platinum  surface  present.  Four  gauze  boats 
'ill  increase  in  weight  by  about  0.15  mg.  If  this  silver  coating 
>  not  removed  an  extremely  small  amount,  if  any,  is  deposited 
n  a  second  treatment  in  the  boiling  solution.  If  these  boats 


with  their  silver  coating  are  used  to  hold  the  silver  pellets 
during  the  combustion,  a  certain  amount  of  this  coating  will 
probably  be  transformed  into  silver  sulfate  which  would  be 
washed  off  the  platinum  in  the  solution  and  an  equivalent 
amount  of  silver  redeposited.  The  fraction  of  the  coating 
attacked  would  be  proportional  to  the  amount  of  sulfur 
involved  and  consequently  to  the  amount  of  silver  deposited 
electrically  on  the  cathode.  To  test  this  idea  part  of  the 
surface  of  the  boats  was  cleaned  and  plating  carried  out.  The 
order  of  magnitude  of  the  gain  in  weight  of  the  boats  and  the 
deficiency  in  the  weight  of  the  silver  on  the  cathode  checked 
with  the  order  of  magnitude  of  the  error  involved  in  the 
method. 

£ - .  3  cm.  - >| 


Figure  5 

To  reproduce  accurately  the  conditions  of  analysis  in  these 
experiments  would  be  very  difficult  because  of  the  manner 
in  which  the  silver  is  attacked  by  the  oxides  of  sulfur.  Five 
grams  of  pellets  when  treated  with  an  excess  of  sulfur  will 
form  silver  sulfate  equivalent  to  60  to  70  mg.  of  silver.  How¬ 
ever,  a  5-gram  filling  will  retain  quantitatively  less  than  20  per 
cent  of  this  amount.  The  silver  already  coated  continues  to 
form  silver  sulfate,  but  the  efficiency  drops  more  and  more 
as  the  coating  becomes  thicker.  (It  is  essential  that  at  least 
1  cm.  of  silver  appear  free  of  coating  in  every  analysis.) 

Because  of  this  deposition  of  the  silver  on  the  platinum 
in  the  boiling  solution  and  the  incomplete  transfer  of  silver 
from  the  anode  to  the  cathode,  the  electrodes  should  complete 
electrical  contact  upon  being  immersed  in  the  solution. 

It  appeared  probable  that  if  porcelain  boats  were  sub¬ 
stituted  for  the  platinum  ones  the  difficulty  would  be  sur¬ 
mounted.  Through  the  cooperation  of  the  Coors  Porcelain 
Company  and  H.  W.  Ryland  of  that  organization  porcelain 
boats  were  made,  the  same  size  and  shape  as  the  platinum 
boats,  and  were  perforated  like  the  bottom  of  a  Gooch  crucible 
to  allow  greater  access  of  the  silver  to  the  gas  stream.  The 
results  obtained,  however,  were  low  to  the  same  extent  as  with 
the  platinum.  Because  of  obvious  mechanical  difficulties 
these  porcelain  boats  had  a  much  smaller  capacity  than  the 
platinum  ones  and  a  close  fit  in  the  combustion  tube  under 
the  depressions  was  difficult  to  obtain.  Only  small  amounts 
of  sulfur  could  be  used.  Therefore  another  scheme  was 
tried. 

A  combustion  tube  was  constructed  with  a  short  removable 
section  in  the  same  position  as  the  indentations  in  the  tube 
already  described  (Figure  5).  There  was  no  leakage  around 
the  ground  joints  under  working  conditions.  This  section  of 
tube  containing  the  silver  was  removed  after  the  combustion 
and  placed  in  a  cell  similar  to  the  one  described,  except  that 
the  lower  part  was  made  long  enough  to  accommodate  the 
section.  The  removable  section  served  to  replace  tube  C 
(Figure  4)  after  the  pellets  had  fallen  to  the  bottom  of  the 
cell.  However,  the  results  obtained  with  this  apparatus  were 
still  low  by  a  quantity  closely  equivalent  to  0.2  per  cent  of 
the  theoretically  available  silver. 

Another  error  may  be  introduced  by  the  porcelain  or  glass, 
but  it  is  curious  that  the  order  of  magnitude  is  the  same  as 
with  the  platinum  boats. 

It  is  likely  that  the  mechanical  difficulties  involved  with 
the  porcelain  boats  could  be  overcome  and  these  used  instead 
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of  the  platinum.  The  ground-joint  apparatus  is  also  usable. 
The  author  prefers  the  platinum  boats  because  of  simplicity 
and  ease  of  handling. 

Compounds  containing  halogen  cannot  be  analyzed  for 
sulfur  by  this  method,  because  the  halogens  are  also  retained 
by  the  silver.  A  somewhat  similar  method  for  the  determina¬ 
tion  of  halogens  is  now  being  studied. 

A  silver  filling  worked  very  well  in  the  carbon-hydrogen 
combustion  tube  for  substances  containing  no  other  elements 
than  carbon,  hydrogen,  oxygen,  and  sulfur  ( 8 ) .  It  is  obvious 
that  carbon  and  hydrogen  could  be  determined  simultaneously 
with  sulfur  on  such  compounds.  Very  little  modification 
of  the  apparatus  is  required. 

The  combustion  tube  is  drawn  out  and  a  neck  sealed  on  in  the 
usual  manner.  The  boats  of  silver  are  introduced  through  the 
mouth  of  the  combustion  tube,  followed  by  the  platinum  con¬ 
tacts  which  must  consequently  be  removed  for  each  analysis. 
After  the  combustion  and  before  the  introduction  of  the  nitrogen 
the  absorption  tubes  are  removed  and  air  is  aspirated  through 
them  (7).  A  choking  plug  and  lead  dioxide  may  be  introduced 
and  nitrogen  compounds  analyzed.  In  this  case  it  is  necessary 


to  prepare  the  usual  carbon-hydrogen  tube  filling,  including  the 
silver  used  for  the  heat  transfer  between  the  furnace  and  the 
mortar,  cutting  this  tube  about  1  cm.  beyond  the  silver  and 
sealing  it  onto  the  combustion  tube  (Figure  1)  just  beyond  the 
indentations. 

The  carbon  and  hydrogen  values  obtained  are  of  the  usual 
accuracy. 
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New  Apparatus  for  Qualitative  Semimicroanalysis 


H.  H.  BARBER,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  steady  development  and  application  of  semimicro¬ 
methods  to  qualitative  analysis  have  demonstrated  to 
both  the  student  and  the  teacher  in  analytical  courses  the 
possibility  of  introducing  smaller  apparatus  than  is  generally 
used  and  a  change  in  technique  in  the  filtration,  evaporation, 
and  treatment  of  precipitates  with  various  reagents  in  ion 
separations. 

The  type  of  equipment  required  in  qualitative  semimicro¬ 
analysis,  which  will  materially  decrease  the  time  of  analysis 
and  simplify  the  procedure,  may  be  easily  and  inexpensively 
placed  in  the  hands  of  each  student. 


Apparatus 

Lipped  Test  Tube.  This  tube  is  a  No.  2370  Pyrex  test  tube 
which  has  been  lipped  to  facilitate  pouring  liquids  from  it. 
The  test  tube  fits  the  cups  of  the  usual  semimicrocentrifuges 
and  has  been  found  the  most  convenient  in  size  for  semimicro¬ 
work. 

Filter  Tube.  This  tube  is  made  from  a  No.  2370  lipped 
Pyrex  test  tube.  The  side  arm  is  cone-shaped  and  rimmed 
to  8  mm.  to  accommodate  the  end  of  a  suction  bulb. 


A  modified  type  of  this  filter  tube  is  also  shown.  On  the 
inside  of  the  side  arm,  which  has  an  inside  diameter  of  8  mm., 
is  placed  a  small  M.  &  S.  valve  (rubber)  with  the  point  project¬ 
ing  toward  the  outer  end  of  the  arm.  This  valve  limits  the 
flow  of  air  or  liquid  to  one  direc¬ 
tion:  from  the  tube  to  the  outer 
end. 

Semimicrofunnel.  This  funnel 
is  of  special  construction  and  is  de¬ 
signed  to  be  used  with  the  filter 
tubes.  In  use  the  stem  above  the 
constricted  part  is  packed  with 
ordinary  surgical  cotton  or  Corning 
Brand  fiber  glass  (No.  008,  Catalog 
No.  9940).  The  depth  and  hard¬ 
ness  of  packing  of  the  filter  medium 
determine  the  retentiveness  of  the 
filter  and  the  rate  of  filtration.  The 
Monel  spatula  (No.  7027,  of  the 


Figure  2.  Semi¬ 
microfunnel 
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Wilkens-Anderson  Co.)  has  been  found  most  convenient  for 
packing,  as  its  handle  is  slightly  less  than  5  mm.  in  diameter 
and  may,  therefore,  be  used  in  pressing  down  the 
cotton  or  glass  fiber  into  the  stem  of  the  funnel. 
When  glass  fiber  is  used  as  a  filter  medium,  it 
need  seldom  be  changed  and  is  not  acted  on  by 
chemicals  which  do  not  react  with  glass. 

Pressure  Filter  Tube.  This  tube  is  de¬ 
signed  to  be  used  with  the  lipped  test  tube  and 
suction  bulb.  Its  outside  diameter  is  slightly 
less  than  the  inside  diameter  of  the  lipped  test 
tube.  The  volume  of  liquid  held  by  the  pressure 
filter  tube  is  somewhat  less  than  the  volume  of 
the  test  tube  below  the  constricted  end  of  the 
The  top  of  the  tube  is  flared  so  that  it  will  rest 


mm. 


filter  tube. 

on  the  top  of  test  tube  No.  2370,  when  inserted  therein. 
The  constricted  end  of  the  filter  tube  is  packed  with  surgical 
cotton  or  glass  fiber  in  the  same  manner  as  the  filter  medium 
in  the  semimicrofunnel. 


Figure  1.  Lipped  Test  Tube  and  Filter  Tubes 


In  use,  the  tube  is  packed  with  the  filter  medium  and  inserted 
in  the  tube.  The  solution  to  be  filtered  is  poured  into  the  filter 
tube,  and  a  pressure  is  applied  to  the  solution  by  means  of  the 
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ubber  bulb,  being  easily  regulated  by  the  pressure  exerted  by 
he  hand  on  the  bulb.  In  case  the  solution  must  be  hot  while 
iltered,  the  assembly  may  be  placed  in  a  hot  water  bath,  or  a 
mall  amount  of  the  filtrate  in  the  test  tube  may  be  heated  while 
he  solution  is  filtered.  The  solution  may  also  be  filtered  by  use 
>f  the  centrifuge.  The  need  for  the  centrifuge  is  eliminated  by 
;he  use  of  the  pressure  bulb  in  most  cases. 


Figure  3.  Pressure  Filter  Tube,  Vacuum-Pressure  Bulb,  and 

Filter  Stick 


The  experience  of  the  author  and  students  in  class  work 
in  qualitative  semimicroanalysis  has  proved,  to  the  author’s 
satisfaction,  the  superiority  of  the  pressure-bulb  technique 
over  that  of  the  centrifuge.  The  advantages  are  these:  (1) 
Each  student  may  have  the  3-piece  assembly.  (2)  The  cost 
of  the  assembly  is  about  25  cents.  (3)  The  rate  of  filtration 
and  clearness  of  filtrate  may  be  observed  and  regulated  by 
the  pressure  applied  to  the  bulb.  (4)  The  solution  may  be  kept 
hot  while  filtered.  (5)  The  filtrate  is  in  the  lipped  test  tube 
and  ready  for  ion  testing  or  treatment.  (6)  The  precipitate 
is  on  the  filter  medium  in  the  tapered  tube  and  is  ready  for 
washing  and  ion  testing.  (7)  Flocculent  or  light  precipitates, 
which  are  not  thrown  out  from  the  filtrate  by  the  centrifuge, 
may  be  separated  by  pressure  filtration. 

The  only  disadvantage  noted  was  the  possibility  of  a  stu¬ 
dent’s  exerting  too  great  a  pressure  on  the  bulb  during  filtra¬ 
tion  or  after  the  filtrate  has  passed  through  the  filter.  In 
either  case  the  solution  is  liable  to  be  blown  onto  the  hands  of 
the  operator.  Proper  precautions  must  be  used  here,  as  in 
any  procedure  which  involves  the  use  of  apparatus  and  chemi¬ 
cals. 

Vacuum-Pressure  Bulb.  The  vacuum-pressure  bulb  is  a 
common  rubber  ear  syringe  and  may  be  used  as  a  suction 
pump  or  as  a  pressure  pump.  As  a  suction  pump  it  is  used 
with  the  filter  tubes.  As  a  pressure  pump  it  is  used  with  the 
pressure  filter  tube.  The  amount  of  suction  this  bulb  will  pro¬ 
duce  depends  on  the  thickness  of  the  walls  of  the  bulb  and 
the  resilience  of  the  rubber  used  in  its  construction.  The 
pressure  which  may  be  obtained  depends  on  the  grip  of  the 
analyst,  the  strength  of  the  bulb,  and  the  strength  of  the  ap¬ 
paratus  on  which  it  is  used.  The  ordinary  ear  syringe  has  all 
the  strength  the  average  analyst  will  care  to  exert  when  it  is 
used  as  a  pressure  pump  in  semimicroanalysis. 

The  syringe  which  best  served  its  purpose  is  made  by  the 
Davol  Rubber  Company,  Providence,  R.  I.,  and  is  the  stand¬ 
ard  ear  and  ulcer  syringe,  No.  527,  capacity  60  cc.  (2  ounces). 
This  bulb,  when  new,  will  lift  a  column  of  mercury  to  the 
height  of  8  cm.,  and  a  pressure  may  be  easily  obtained  equal 
to  30  cm.  of  mercury.  Bulbs  that  would  produce  a  greater 
vacuum  could  be  developed. 

The  taper  on  these  bulbs  and  the  give  of  the  rubber  render 
them  particularly  suited  for  semimicrowork.  When  the  bulb 


is  depressed  and  the  end  inserted  in  the  side  arm  of  the  filter 
tube,  the  tube  may  be  set  in  a  rack  and  filtration  allowed  to 
proceed  while  the  analyst  turns  to  other  work.  When  used  as 
a  pressure  bulb,  the  filter  tube  may  be  lifted  out  and  held  in 
an  upright  position  when  the  flat  end  of  the  bulb  is  set  on  the 
table,  thereby  eliminating  contamination. 

Filter  Stick.  This  type  of  apparatus  finds  some  use.  A 
plug  of  cotton  or  glass  fiber  is  packed  into  the  flared  end. 

Hot  Water  Bath.  This  apparatus  is  essentially  a  holder  for 
test  tube  No.  2370.  The  metal  part  is  made  from  aluminum 
1.56-mm.  (0.06-inch)  sheet.  The  holes  in  the  upper  plate  are 
14  mm.  in  diameter,  numbered,  and  spaced  18  mm.  from  center 
to  center.  The  holes  in  the  lower-plate  are  8  mm.  in  diameter 
and  set  directly  opposite  the  holes  in  the  upper  plate.  The 
outside  diameter  of  the  plate  is  85  mm.  This  size  of  holder 
fits  into  a  600-ml.  Pyrex  beaker.  A  small  electric  hot  plate 
is  most  convenient  for  heating  the  water  in  the  beaker. 

Method  Used  in  Qualitative  Semimicroanalysis 
for  Group  II  (7) 

Adjust  the  acid  concentration,  place  the  test  tube,  which  con¬ 
tains  1  ml.  of  filtrate  from  Group  I,  in  the  hot  water  bath,  and 
precipitate  Group  II  with  hydrogen  sulfide  gas.  (The  concentra¬ 
tion  of  the  unknown  solution  is  0.01  gram-ion.)  Pour  the  solution 
and  precipitate  into  the  pressure  filter  tube,  which  has  been 
placed  in  a  test  tube,  and  filter  by  the  use  of  the  vacuum-pressure 
bulb.  Wash  the  precipitate  in  the  pressure  filter  tube  with  about 
1  ml.  of  acidified  hydrochloric  acid  hydrogen  sulfide  water,  adding 
a  few  drops  at  a  time,  and  set  aside  filtrate  for  Group  III  pre¬ 
cipitation. 

Place-- the  tube  which  contains  Group  II  precipitate  inside  a 
clean  test  tube  to  which  has  been  added  1  ml.  of  solvent  for  Divi¬ 
sion  B,  Group  II,  and  add  1  ml.  of  solvent  for  Division  B, 
Group  II.  Gently  boil  the  solution  in  test  tube.  The  solution 
in  the  pressure  filter  tube  will  be  heated  and  will  dissolve  Division 
B,  Group  II,  and  run  through  the  filter  medium  into  the  test  tube. 
If  the  precipitate  is  packed,  stir  with  a  rod  while  heating  the  test 
tube.  Wash  the  undissolved  portion,  Division  A,  with  solvent 
for  Division  B.  Wash  off  outside  of  tube  which  contains  Division 
A  and  place  it  in  a  clean  test  tube  to  which  has  been  added  1  ml. 
of  1  N  sulfuric  acid.  To  Division  A  precipitate  add  a  few  drops  of 
concentrated  nitric  acid.  Gently  boil  the  sulfuric  acid  solution. 
Division  A  precipitate  will  dissolve  and  the  solution  is  washed 
through  the  filter  into  the  test  tube  which  contains  the  sulfuric 
acid.  Boil  off  the  nitric-sulfuric  acid  solution  and  heat  to  sulfur 
trioxide  fumes. 


\- - 83  cm. - H  - 8.5  cm. 

Figure  4.  Test  Tube  Holder 
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Cool  the  tube,  add  1  ml.  of  water,  and  warm.  Filter  through 
cotton  filter  medium  by  use  of  the  filter  tube-semimicrofunnel 
assembly,  using  vacuum-pressure  bulb  for  vacuum.  Wash  the 
lead  sulfate  precipitate,  dissolve  in  ammonium  acetate-acetic  acid 
solution,  and  test  the  solution  for  lead  by  use  of  potassium  chro¬ 
mate. 

To  the  filtrate  containing  the  sulfates  of  copper,  cadmium,  and 
bismuth,  add  ammonium  hydroxide  until  distinctly  alkaline. 
Filter  off  the  bismuth  hydroxide  by  use  of  the  filter  tube-semi- 
microfunnel  assembly.  Add  a  drop  of  dilute  hydrochloric  acid  to 
bismuth  hydroxide  on  filter,  and  then  a  drop  of  cinchonine-potas¬ 
sium  iodide  solution.  A  yellow-orange  precipitate  confirms  bis¬ 
muth. 

Divide  the  copper-cadmium  solution  into  two  parts.  To  one 
add  a  drop  of  sodium  diethyl  dithiocarbamate;  brown  precipitate 
confirms  copper.  To  the  other  tube  add  potassium  cyanide  until 
the  blue  color  of  the  copper  ammonium  complex  is  discharged, 
and  then  add  5  drops  of  sodium  diethyl  dithiocarbamate;  a  white 
precipitate  confirms  cadmium. 

Division  R.  Reprecipitate  the  sulfides  and  filter  through  pres¬ 
sure  filter  tube.  Treat  the  sulfides  in  tube  with  6  N  hydrochloric 
acid  in  the  same  manner  as  was  used  for  separating  Divisions  A 
and  B.  Antimony  and  tin  chlorides  will  be  in  the  test  tube.  The 
sulfides  of  mercury  and  arsenic  will  remain  on  the  filter  medium 
(glass  fiber)  in  the  pressure  filter  tube. 

Divide  the  antimony  and  tin  solution  into  two  parts.  To  test 
for  antimony,  add  2  drops  of  saturated  solution  of  potassium  ni¬ 
trite  and  a  drop  of  rhodamine  B  solution.  A  fluorescent  reddish 
violet  color  shows  the  presence  of  antimony.  To  test  for  tin, 
reduce  to  stannous  condition  with  aluminum  and  add  2  drops 
of  cacothelein  reagent.  A  reddish  violet  coloration  shows  the 
presence  of  tin. 

Treat  the  sulfides  of  mercury  (sodium  hydroxide-sodium  sulfide 
reagent  used  for  separating  Division  B  from  Division  A)  and 
arsenic  on  the  filter  with  1  ml.  of  dilute  ammonium  hydroxide. 
Use  bulb  to  force  the  arsenic  solution  through  filter  medium  into 
the  test  tube.  The  mercuric  sulfide  remains  on  the  filter. 


To  test  for  arsenic,  place  the  test  tube  in  the  hot  water  bath, 
add  1  ml.  of  a  3  per  cent  solution  of  hydrogen  peroxide,  and  allow 
to  stand  for  about  1  minute,  and  add  2  or  3  drops  of  magnesium 
nitrate  mixture.  A  white  precipitate  shows  the  presence  of 
arsenic.  To  confirm  the  presence  of  arsenic,  add  to  the  solution 
2  drops  of  N  silver  nitrate  solution,  and  then  add  acetic  acid  drop 
by  drop  until  the  white  precipitate  just  dissolves,  and  a  drop  or 
two  in  excess.  A  reddish  to  deep  red  precipitate  confirms  the 
presence  of  arsenic. 

To  test  for  mercury,  dissolve  the  mercuric  sulfide  in  a  few  drops 
of  dilute  hydrochloric  acid  and  5  per  cent  sodium  hypochlorite  solu¬ 
tion,  warming  if  necessary.  Force  the  dissolved  solution  into  the 
test  tube,  add  a  drop  of  concentrated  ammonium  hydroxide  and  a 
drop  of  potassium  iodide  solution,  and  make  strongly  alkaline  with 
sodium  hydroxide.  A  brown  precipitate  confirms  the  presence  of 
mercury. 

Precipitation,  filtration,  and  ion  identification  for  the  other 
groups  may  be  conveniently  and  quickly  carried  out  by  the 
use  of  this  vest-pocket  assembly. 

Summary 

Apparatus  of  special  design  for  qualitative  semimicroan¬ 
alysis  is  described  and  its  use  is  set  forth  in  an  abridged 
scheme  for  Group  II. 

This  apparatus  is  suitable  for  general  courses  in  qualitative 
analysis  in  colleges  and  high  schools  and  is  especially  adapt¬ 
able  to  field  and  industrial  laboratories  and  analytical  sub¬ 
stations. 
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Microdetermination  of  Iron  with  the  Silver 

Reductor 

SYLVAN  M.  EDMONDS  and  NATHAN  BIRNBAUM,  College  of  the  City  of  New  York,  New  York,  N.  Y. 


The  hydrogen  peroxide  interference  of  iron 
in  the  microdetermination  of  iron  with  the 
silver  reductor  can  be  avoided  by  using  a 
considerably  smaller  reductor  column.  A 
simplified  procedure  is  presented  for  the 
microdetermination  of  iron. 

THE  high  precision  attainable  in  the  determination  of 
iron  using  the  silver  reductor  and  ceric  sulfate  was  shown 
( S )  to  extend  down  to  quantities  of  iron  of  the  order  of  about 
10  mg.  Fryling  and  Tooley  ( 1 )  adapted  the  reductor  to  the 
microdetermination  of  iron.  They  found  that  in  determina¬ 
tions  involving  1.5  mg.  of  iron  in  which  the  final  titer  is  about 
2.5  ml.  of  0.01  M  ceric  sulfate  the  reductor  blank  was  much 
too  large  and  unreproducible.  They  demonstrated  that  this 
blank  was  caused  by  the  formation  of  hydrogen  peroxide  in 
the  reductor.  To  overcome  this  difficulty  they  designed  a 
reductor  in  which  the  operations  of  reduction  and  rinsing  are 
carried  out  under  an  atmosphere  of  hydrogen.  In  this  way  the 
hydrogen  peroxide  blank  was  reduced  considerably  although 
not  entirely  eliminated.  The  authors  have  found  that  this 
precaution  is  unnecessary,  provided  a  small  reductor  is  used. 
Because  of  the  small  size  of  the  column  the  volume  of  acid 
required  to  wash  it  free  of  iron  may  be  reduced  considerably 
and  in  this  way  the  peroxide  blank  made  negligible. 

The  micromethod  described  in  this  paper  is  a  direct  adapta¬ 
tion  of  the  macroprocedure  of  Walden,  Hammett,  and 


Edmonds  (S),  the  scale  of  apparatus  having  been  reduced  in 
proportion  to  the  absolute  amount  of  iron  to  be  determined. 
The  direct  application  of  a  well-established  macroprocedure 
to  the  determination  of  microquantities  of  an  ion  may,  as 
in  this  case,  introduce  unexpected  errors  and  difficulties. 
When,  therefore,  the  absolute  quantity  of  the  ion  to  be  de¬ 
termined  is  lowered,  the  scale  of  apparatus  should  be  reduced 
accordingly. 

Materials 

Ceric  sulfate  (0.01  M)  was  prepared  by  dilution  from  the  0.1  M 
reagent  that  had  been  standardized  against  Bureau  of  Standards 
sodium  oxalate  by  the  method  of  Walden,  Hammett,  and  Chap¬ 
man  (£). 

A  0.1  M  ferric  alum  solution  was  standardized  by  reduction  in 
the  silver  reductor  and  titration  with  0.1  M  ceric  sulfate  following 
the  method  of  Walden,  Hammett,  and  Edmonds  (8).  A  0.002  M 
solution  was  then  prepared  by  dilution  from  the  0.1  M  ferric 
alum. 

Hydrochloric  acid  (1  M)  was  prepared  from  the  redistilled  con¬ 
stant-boiling  acid.  This  precaution  was  found  necessary,  since 
the  best  grade  of  acid  available  contained  0.0001  per  cent  of  iron. 
Since  approximately  3  ml.  of  this  acid  would  be  required  in  a 
determination,  0.003  mg.  of  iron  would  be  introduced,  equivalent 
to  0.006  ml.  of  0.01  M  ceric  sulfate. 

Silver  Reductor 

The  reductor  is  of  the  usual  design  but  approximately  20  cm.  in 
length  and  1  cm.  in  inside  diameter.  A  buret  may  be  adapted  for 
this  purpose.  About  7  grams  of  silver  are  required  and  are  pre¬ 
pared  by  precipitation  with  copper  (3).  Experiments  showed 
that  with  a  reductor  of  this  size  the  wash  liquid  may  be  reduced 
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to  20  ml.  The  hydrochloric  acid  wash  is  added  in  small  portions, 
jach  being  allowed  to  drain  down  to  the  top  of  the  column  before 
the  next  is  added.  The  first  two  or  three  portions  are  used  to 
rinse  the  beaker  that  had.  contained  the  iron  solution. 

Indicator  Correction  with  Phenanthroline- 
Ferrous  Ion 

For  titrations  with  ceric  sulfate  conducted  in  a  volume  of 
about  250  ml.,  one  drop  of  0.025  M  o-phenanthroline-ferrous 
indicator  solution  is  satisfactory.  Walden,  Hammett,  and 
Edmonds  (S)  showed  that  for  titrations  with  0.01  M  ceric 
sulfate  of  small  quantities  of  iron  requiring  a  titer  of  about 
10  ml.,  the  indicator  correction  is  very  small  (less  than  1  per 
cent  of  the  titer)  and  reproducible.  Fryling  and  Tooley  ( 1 ) 
used  about  the  same  amount  of  indicator,  but  since  the  cor¬ 
rection  represented  as  much  as  5  per  cent  of  the  final  titer 
they  advised  the  careful  pipetting  of  a  correspondingly  larger 
volume  of  a  more  dilute  indicator  solution  that  had  been 
standardized  against  ceric  sulfate.  There  appears  to  be  no 
particular  advantage  in  the  use  of  so  large  an  amount  of  in¬ 
dicator  in  the  microdetermination,  since  the  most  striking 
color  change  takes  place  after  the  greater  part  of  the  indicator 
has  been  oxidized.  Thus  the  authors  have  found  that  the 
amount  of  indicator  can  be  reduced  to  2  drops  of  0.001  M 
solution.  The  indicator  correction  is  then  only  0.010  ml.  of 
0.01  M  ceric  sulfate  as  determined  by  direct  titration  in  30 
ml.  of  1  M  hydrochloric  acid  to  the  disappearance  of  the  in¬ 
dicator  color. 

Reductor  Blank 

When  30  ml.  of  1  M  hydrochloric  acid  are  passed  through 
the  reductor,  the  solution  is  treated  with  2  drops  of  0.001  M 
o-phenanthroline-ferrous  indicator,  and  the  mixture  is  ti¬ 
trated  to  the  disappearance  of  the  indicator  color,  0.016  ± 
0.001  ml.  of  0.01  M  ceric  sulfate  is  required.  Allowing  0.010 
ml.  as  the  volume  of  oxidant  required  to  bleach  the  indicator, 
the  remaining  0.006  ml.  is  probably  consumed  by  a  trace  of 
peroxide  formed  in  the  reductor.  The  situation  is  different, 
however,  when  the  solution  passing  through  the  reductor  con¬ 


Table  I. 

Test  Analyses 

Fe  Taken 

CeCSOd! 

Fe  Found 

Error  in  Fe 

Mg. 

Ml. 

Mg. 

Mg. 

0.686 

1.127 

0.687 

+  0.001 

0.686 

1.133 

0.690 

+0.004 

0.686 

1.122 

0.684 

-0.002 

0.686 

1.135 

0.692 

+0.006 

1.372 

2.254 

1.374 

+  0.002 

1.372 

2.253 

1.373 

+0.001 

1.372 

2.249 

1.371 

-0.001 

1.372 

2.246 

1.369 

-0.003 

1.372 

2.249 

1.371 

-0.001 

2.058 

3.380 

2.060 

+0.002 

2.058 

3.383 

2.062 

+  0.004 

2.058 

3.381 

2.061 

+0.003 

2.058 

3.386 

2.064 

+0.006 

2.744 

4.497 

2.741 

-0.003 

2.744 

4.505 

2.746 

+0.002 

2.744 

4.502 

2.744 

0.000 

2.744 

4.505 

2.746 

+0.002 

tains  iron,  for  then  some  iron  reoxidized  by  a  trace  of  per¬ 
oxide  would  probably  be  reduced  before  it  leaves  the  reductor. 
Thus  the  error  would  certainly  be  less  than  that  represented 
by  the  total  reductor  blank  of  0.006  ml.  which  would  be  equiva¬ 
lent  to  a  negative  error  of  0.003  mg.  of  iron.  Table  I  shows, 
moreover,  that  no  correction  is  needed  beyond  that  for  the 
indicator  blank. 

Method  of  Analysis 

Ten  milliliters  of  1  M  hydrochloric  acid  solution  containing  the 
iron  as  ferric  alum  were  poured  through  the  reductor  at  a  rate  of 
10  ml.  per  minute,  and  the  column  was  rinsed  with  20  ml.  of  1  M 
hydrochloric  acid.  Two  drops  of  0.001  M  o-phenanthroline- 
ferrous  indicator  were  added  and  the  mixture  was  titrated  with 
0.010916  M  ceric  sulfate  using  a  calibrated  5-ml.  microburet. 

The  results  of  the  test  analyses  are  given  in  Table  I.  The 
indicator  correction  of  0.010  ml.  has  been  subtracted  in  each 
case. 
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Preparation  of  Microscopic  Glass  Spheres 

C.  R.  B LOOM QUI ST  AND  A.  CLARK,  Battelle  Memorial  Institute,  Columbus,  Ohio 


DURING  work  on  a  study  of  the  solid-liquid  interface  it 
became  desirable  to  prepare  a  relatively  large  quantity 
of  microscopic  particles  of  known  surface  area.  The  use  of 
glass  spheres  was  suggested  by  Bishop  (1),  who  mentioned 
the  fact  that  perfect  glass  spheres  may  be  prepared  by  passing 
powdered  glass  through  the  flame  of  a  blast  lamp,  but  did  not 
give  details  of  the  process.  Recently,  Sollner  ( 8 )  described 
a  method  of  preparing  the  spheres  in  a  similar  manner  and 
collecting  them  by  directing  the  flame  against  a  water  surface 
so  that  the  fused  particles  are  thrown  into  the  water.  He 
stated  that  it  was  impossible  to  prepare  spheres  of  Pyrex  glass 
in  this  manner  without  the  use  of  an  oxy-hydrogen  flame. 

The  method  used  in  this  work  is  basically  the  same  as  that 
described  by  Sollner,  but  instead  of  collecting  the  fused  par¬ 
ticles  in  water,  the  authors  have  found  it  more  convenient 
to  cool  the  gases  and  glass  particles  from  the  flame  by  passing 
them  through  a  short  length  of  pipe  and  then  drawing  them 
by  suction  into  the  bag  of  an  ordinary  household  vacuum 
cleaner.  In  this  way  it  is  possible  to  prepare  spheres  up  to 


25  microns  in  diameter  from  ordinary  Pyrex  glass  by  using  a 
laboratory  blast  lamp  with  natural  or  city  gas  and  compressed 
air. 

The  glass  powder  is  prepared  by  wet-grinding  Pyrex  tubing  in 
a  ball  mill  with  steel  balls.  After  several  hours’  grinding  the 
suspension  is  poured  into  a  2-liter  beaker  and  stirred  thoroughly; 
the  particles  which  have  not  settled  in  5  minutes  are  decanted 
and  allowed  to  settle  completely.  These  particles  are  treated 
with  chromic  acid  cleaning  solution  to  remove  impurities,  washed 
free  of  sulfate  ion,  and  dried  thoroughly. 

The  apparatus  used  in  preparing  the  spheres  is  shown  in  Figure 
1 .  The  glass  powder,  which  has  been  thoroughly  dried  at  1 10  °  C. , 
is  placed  in  a  wide-mouthed  bottle  of  approximately  200-cc. 
capacity.  The  gas  is  ignited  and  the  compressed  air  turned  on 
gradually  until  a  flame  of  the  proper  size  is  obtained.  A  large 
“brush”  flame  extending  about  one  half  the  length  of  the  stove 
pipe  works  well.  The  stove  pipe  is  63.5  cm.  (25  inches)  long  and 
12.5  cm.  (5  inches)  in  diameter.  As  soon  as  the  flame  is  burning 
evenly  and  steadily,  the  vacuum  cleaner  motor  is  turned  on  and 
allowed  to  run  until  sufficient  particles  are  collected  or  the 
vacuum-cleaner  bag  becomes  too  hot.  A  20-cm.  (8-inch)  glass 
funnel  attached  to  the  suction  end  of  the  vacuum  cleaner  and 
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closely  surrounding  the  exit  end  of  the  stove  pipe  helps  to  direct 
the  glass  spheres  into  the  collecting  bag  without  any  great  loss 
of  the  particles  to  the  atmosphere. 

It  is  essential  that  the  order  of  operation  be  exactly  as  given 
above,  for  if  the  vacuum  cleaner  is  turned  on  before  a  steady 
flame  is  obtained  the  particles  collected  will  generally  include 
some  irregularly-shaped  powder.  The  bottle  containing  the 
glass  powder  should  be  agitated  at  intervals  to  ensure  a  steady 
stream  of  the  powder  through  the  flame.  The  spheres  removed 
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Figure  1.  Apparatus  for  Preparing  Microscopic  Glass  Spheres 


from  the  vacuum-cleaner  bag  are  contaminated  with  lint  and 
dust;  this  is  easily  removed  by  treating  with  chromic  acid  clean¬ 
ing  solution  and  washing  until  the  spheres  are  free  of  all  soluble 
material. 

The  sizes  of  the  spheres  prepared  in  this  manner  vary  from 
about  25  microns  to  some  so  small  that  they  are  scarcely 
visible  at  a  magnification  of  1000  diameters.  To  separate 
them  into  fractions  of  nearly  uniform  diameter  is  somewhat 
tedious  but  not  difficult.  The  procedure  used  is  an  adapta¬ 
tion  of  that  given  by  Cummings  (2).  All  spheres  settling  in 
10  minutes  or  less  are  discarded;  those  settling  in  the  suc¬ 
cessive  20-,  40-,  80-,  and  160-minute  intervals  are  separated 
and  the  process  of  settling  and  fractionating  is  repeated  on 
each  of  these  fractions  until  the  supernatant  water  becomes 
clear  in  the  settling  interval.  On  the  average,  it  requires  12 
to  15  successive  decantations  to  effect  complete  separation. 


) 
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Figure  2.  Photomicrograph  of  Glass 
Spheres  (X  460) 


The  particles  still  in  suspension  after  the 
last  interval  are  allowed  to  settle  overnight 
and  any  residue  not  settling  during  this  time 
is  discarded.  About  75  grams  of  each  of  the 
20-,  40-,  80-,  and  160-minute  fractions  were 
prepared  in  10  days’  time. 

In  the  final  fractions  at  least  96  per  cent 
of  the  particles,  by  actual  count,  were  per¬ 
fect  spheres.  A  photomicrograph  of  the 
particles  in  the  80-minute  fraction  is  shown 
in  Figure  2.  The  mean  diameters  of  the 
particles  in  each  fraction,  settled  for  20,  40, 
80,  and  160  minutes,  and  overnight,  respec¬ 
tively,  were  15.2,  10.6,  7.2,  5.2,  and  3.3 
microns.  In  each  fraction  at  least  90  per  cent  of  the  particles 
were  within  2  microns  of  the  average  size  given.  Fractions 
of  more  uniform  particle  size  may  be  obtained  by  using  in¬ 
termediate  settling  intervals. 
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Estimation  of  Traces  of  Lead  and  Thallium 
in  Pharmaceutical  Chemicals 

A  Simple  Dithizone  Limit  Test 
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THE  heavy  metals  test  of  the  United  States  Pharmaco¬ 
poeia  (15)  is  intended  for  use  in  the  detection  of  lead 
and  other  metals  in  pharmaceutical  chemicals.  While  it  is 
adequate  where  iron,  copper,  nickel,  bismuth,  tin,  zinc,  and 
other  relatively  nontoxic  metals  are  concerned,  the  results 
usually  cannot  be  interpreted  strictly  because  (1)  the  test  is 
not  specific  for  any  one  metal,  (2)  a  significant  reagent  blank 
cannot  be  carried  out,  and  (3)  the  chemical  under  test  often 
modifies  the  color  of  the  solution  when  it  is  treated  with 
hydrogen  sulfide  even  though  no  foreign  metals  are  present. 
The  lead  test  in  the  British  Pharmacopoeia  of  1932  (4)  is  an 
improvement  over  the  test  official  in  this  country,  but  it  also 
has  several  disadvantages  in  that  it  does  not  differentiate 
between  lead  and  bismuth,  is  difficult  or  impossible  to  carry 
out  when  the  chemical  under  test  imparts  even  a  light  color 
to  the  solution,  and  cannot  be  applied  to  iron  or  bismuth 
salts. 

The  dithizone  method  described  below  overcomes  these  dis¬ 
advantages;  it  is  simple  and  rapid,  is  very  sensitive  in  all 
instances,  and  is  specific  for  lead  and  thallium.  In  prin¬ 
ciple,  it  is  based  on  accepted  photometric  procedures  (2,  7,10), 
but  it  does  not  require  the  use  of  special  instruments  or 
equipment.  It  is  not  presented  as  a  new  analytical  method 
but  as  an  application  of  a  known  test  to  pharmaceutical 
chemicals. 

Description  of  Method 

Reagents.  All  reagents  should  be  as  free  from  lead  as 
possible.  While  the  method  corrects  for  the  lead  in  the  re¬ 
agents,  more  accurate  results  will  usually  be  obtained  if  deleaded 
reagents  are  used.  Pyrex  glassware  should  be  employed  ex¬ 
clusively  and  should  be  cleaned  with  dilute  nitric  acid  (1  +  1). 

Ammonium  citrate,  potassium  cyanide,  and  hydroxylamine 
hydrochloride  solutions  are  made  and  purified  (if  desired)  as 
previously  described  (2).  Chloroform  should  be  prepared  for 
use  and  reclaimed  as  indicated  by  Hubbard  (10).  Ammonium 
hydroxide  should  be  deleaded  by  distilling  the  gas  into  cold 
double-distilled  water;  it  is  essential  that  this  reagent  be  sub¬ 
stantially  lead-free.  Reagent-grade  nitric  acid,  which  usually 
contains  between  20  and  25  micrograms  of  lead  per  liter,  can  be 
used  without  further  purification. 

Only  one  dithizone-chloroform  solution  is  necessary  (except 
in  the  test  for  lead  in  bismuth  salts),  containing  12  mg.  of  dithi¬ 
zone  (diphenylthiocarbazone)  per  liter.  Before  use,  the  solu¬ 
tion  should  be  shaken  with  about  one  half  its  volume  of  1  per  cent 
nitric  acid  and  during  the  analysis  it  should  be  dispensed  from  the 
same  separatory  funnel  in  which  it  has  been  mixed  with  the 
dilute  acid.  When  not  in  use  the  solution  should  be  kept  in  a 
wrapped  Pyrex  bottle  in  the  refrigerator. 


Preparation  of  Sample.  With  most  pure  chemicals  the 
sample  (usually  only  a  few  grams,  containing  less  than  10 
micrograms  of  lead)  is  dissolved  in  a  few  milliliters  of  dilute 
nitric  acid  (1  +  1),  boiled,  and  cooled.  This  oxidizes  any 
stannous  tin  that  may  be  present.  There  are  a  few  excep¬ 
tions  to  this  general  procedure. 

1.  Aminopyrine  and  Procaine  Hydrochloride.  After  the 
sample  in  the  separatory  funnel  is  made  alkaline  the  free  base  is 
extracted  by  shaking  with  several  portions  of  distilled  chloroform 
and  the  lead  is  determined  in  the  aqueous  phase  remaining. 

2.  Aspirin,  Potassium  Bromide,  Sodium  Iodide,  and  Zinc 
Phenolsulfonate.  Heated  with  dilute  nitric  acid  to  a  brown  color, 
not  boiled. 

3.  Barium  Sulfate.  Boiled  with  10  ml.  of  6  per  cent  acetic 
acid,  cooled,  and  filtered. 

4.  Bismuth  Subcarbonate.  Dissolved  in  the  smallest  quantity 
of  concentrated  nitric  acid  (with  heat),  20  ml.  of  water 
added,  then  sufficient  dilute  ammonium  hydroxide  to  make 
the  solution  alkaline  to  methyl  red.  The  supernatant  liquid 
should  be  yellow  in  color,  although  the  precipitate  may  be 
pink.  Phenol  red  is  added;  the  supernatant  liquid  must  be  acid 
to  this  indicator.  The  solution  is  then  heated  on  the  water  bath, 
cooled,  and  filtered  directly  into  the  separatory  funnel  and  the 
residue  is  washed  with  water.  Ammonium  citrate,  potassium 
cyanide,  and  hydroxylamine  hydrochloride  solutions  are  added 
and  the  solution  is  made  alkaline  to  phenol  red  with  ammonium 
hydroxide.  The  lead  (and  most  or  all  of  the  remaining  bismuth) 
is  extracted  with  three  5-ml.  portions  of  a  special  dithizone  solu¬ 
tion  (30  mg.  of  dithizone  per  liter  of  chloroform),  and  the  com¬ 
bined  chloroform  extract  is  washed  with  50  ml.  of  water,  and 
drained  into  another  funnel.  The  water  is  washed  with  5  ml.  of 
distilled  chloroform,  which  is  added  to  the  dithizone  solution. 
The  dithizone  solution  is  then  shaken  with  20  ml.  of  1  per  cent 
nitric  acid,  drained  off,  and  discarded.  Dilute  ammonium  hy¬ 
droxide  is  added  to  the  aqueous  portion  until  pH  2  is  reached 
(orange  color  of  metacresol  purple),  and  the  bismuth  is  extracted 
with  successive  portions  of  the  special  dithizone  solution  until 
the  color  of  the  dithizone  remains  a  pure  green.  The  dithizone 
solution  is  drained  off,  5  ml.  of  distilled  chloroform  are  added 
to  the  aqueous  portion,  and  the  funnel  is  shaken.  The  drop  of 
chloroform  floating  on  top  is  allowed  to  evaporate,  the  lower 
layer  is  drained  off  completely,  and  the  procedure  under  the  head¬ 
ing  “Estimation  of  Lead”  in  the  general  description  of  the  method 
is  followed,  except  that  only  3  ml.  of  ammonia-cyanide  mixture 
are  used. 

5.  Calcium  Hypophosphite,  Ferric  Glycerophosphate,  Hypo- 
phosphorous  Acid,  Phosphoric  Acid,  Sodium  Glycerophosphate, 
and  Acid  Sodium  Phosphate.  The  lead  is  extracted  with  dithi¬ 
zone  immediately  after  the  fixture  is  made  alkaline. 

6.  Cerium  Oxalate  and  Phenolphthalein.  Boiled  with  dilute 
nitric  acid,  cooled,  and  filtered. 

7.  Cod  Liver  Oil.  Heated  cautiously  with  5  ml.  of  concen¬ 
trated  nitric  acid  and  10  ml.  of  water;  the  aqueous  portion  is 
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evaporated  and  the  residue  ignited  at  about  500°  C.  (incipient 
red  heat  or  below).  The  ash  is  moistened  with  concentrated 
nitric  acid  and  ignited  as  before;  this  is  repeated  until  the  ash 
is  almost  white.  The  ash  is  then  dissolved  in  3  ml.  of  dilute 
nitric  acid  (1  +  1)  and  the  lead  determined. 

8.  Gelatin.  Ignited  at  about  500°  C.  (incipient  red  heat  or 
below) ,  5  ml.  of  concentrated  nitric  acid  added,  the  acid  evapo¬ 
rated,  and  the  residue  ignited  as  before.  Continue  as  for  cod  liver 
oil,  beginning  with  “The  ash  is  moistened”. 

9.  Potassium  Guaiacolsulfonate  and  Sodium  Phenobarbital. 
The  sample  is  dissolved  in  water  without  nitric  acid.  If  the 
lead  is  excessively  high,  tin  (stannous)  interference  may  be 
suspected.  In  that  case  the  20  ml.  of  1  per  cent  nitric  acid 
containing  the  lead  in  the  extraction  step  are  boiled  with  5  ml. 
of  dilute  nitric  acid  (1  +  1)  and  the  analysis  is  repeated,  this 
acid  solution  being  used  as  the  sample. 

10.  Soap  Powder.  Dissolved  in  hot  water,  5  ml.  of  dilute 
nitric  acid  (1  +  1)  added,  and  the  mixture  stirred,  cooled,  and 
filtered  directly  into  the  separatory  funnel.  The  remaining 
fatty  acids  are  extracted  by  shaking  with  several  portions  of 
distilled  chloroform  and  the  lead  is  determined  in  the  aqueous 
phase  remaining. 

11.  Sodium  Perborate.  Heated  at  a  low  temperature  in  a 
crucible  until  all  peroxide  oxygen  is  driven  off.  The  residue  is 
dissolved  in  water  and  the  dilute  nitric  acid  added. 

12.  Sodium  Thiocyanate  and  Sodium  Thiosulfate.  Dissolved 
in  water  and  dilute  nitric  acid  and  heated  until  all  the  gas  is 
driven  off.  Then  the  solution  is  filtered  directly  into  the  sepa¬ 
ratory  funnel. 

13.  Strontium  Bromide.  Heated  with  dilute  nitric  acid  to 
a  brown  color  and  transferred  to  the  separatory  funnel.  Am¬ 
monium  citrate  solution  is  not  added;  care  is  taken  to  extract 
the  lead  with  dithizone  immediately  after  the  mixture  is  made 
alkaline. 


Table  I.  Estimation  of  Lead 


Chemical 


Acetic  acid,  c.  p. 

Alum,  ammonium,  c.  P. 

Aluminum  sulfate,  N.  F. 

Aminopyrine,  U.  S.  P.  (1)“ 

Ammonium  valerate,  acid,  N.  F. 

Aspirin,  U.  S.  P.  (2) 

Barium  sulfate,  U.  S.  P.  (3) 

Bismuth  subcarbonate,  U.  S.  P.  (4) 

Calcium  carbonate,  U.  S.  P. 

Calcium  chloride,  A.  R. 

Calcium  hypophosphite,  N.  F.  (5) 

Cerium  oxalate,  N.  F.  (6) 

Cod  liver  oil,  U.  S.  P.  (7) 

Dextrose,  U.  S.  P. 

Ferric  chloride  solution,  U.  S.  P. 

Ferric  glycerophosphate,  N.  F.  (5) 

Gelatin,  U.  S.  P.  (8) 

Glycerol,  c.  p. 

Hypophosphorous  acid,  U.  S.  P.  (5) 

Iron  and  ammonium  citrates,  U.  S.  P. 

Lactic  acid,  A.  R.  (85%) 

Lithium  carbonate,  N.  F. 

Manganese  citrate,  soluble,  N.  F. 

Methenamine,  U.  S.  P. 

Milk  of  magnesia,  TJ.  S.  P. 

Phosphoric  acid,  A.  R.  (5) 

Phenolphthalein,  U.  S.  P.  (6) 

Potassium  bromide,  c.  P.  (2) 

Potassium  carbonate,  c.  p. 

Potassium  chlorate,  U.  S.  P. 

Potassium  guaiacolsulfonate,  N.  F.  (9) 

Potassium  hydroxide,  A.  R. 

Potassium  nitrate,  c.  p. 

Procaine  hydrochloride,  U.  S.  P.  (1) 

Salicin,  N.  F. 

Soap,  powdered,  U.  S.  P.  (10) 

Sodium  benzoate,  U.  S.  P. 

Sodium  borate,  A.  R. 

Sodium  cacodylate,  U.  S.  P. 

Sodium  glycerophosphate,  N.  F.  (5) 

Sodium  iodide,  c.  p.  (2) 

Sodium  nitrite,  A.  R. 

Sodium  perborate,  U.  S.  P.  (11) 

Sodium  phenobarbital,  U.  S.  P.  (9) 

Sodium  phosphate,  acid,  A.  R.  (5) 

Sodium  salicylate,  U.  S.  P. 

Sodium  thiocyanate,  N.  F.  (12) 

Sodium  thiosulfate,  U.  S.  P.  (12) 

Strontium  bromide,  N.  F.  (13) 

Tartaric  acid,  A.  R. 

Zinc  phenolsulfonate,  N.  F.  (2) 

Zinc  sulfate,  A.  R. 

°  Numbers  in  parentheses  refer  to  paragraphs  under  “Preparation  of  Sample’ 


Sample 

Dilute 

Nitric 

Acid 

Ammo¬ 

nium 

Potas¬ 

sium 

Hydroxyl- 

amine 

Hydro¬ 

Lead 

Used 

(1  +  1) 

Citrate 

Cyanide 

chloride 

Found 

Lead 

Grams 

Ml. 

Ml. 

Ml. 

Ml. 

Micro¬ 

grams 

P.  p.  m. 

3.0 

2 

3 

1 

0.5 

2 

0.7 

1.43 

3.5 

3 

1 

0.5 

11 

7.7 

0.25 

3 

3 

1 

0.5 

8 

32 

1.0 

3 

3 

1 

1.5 

2 

2 

1.0 

2 

3 

1 

0.5 

7 

7 

2.0 

3 

3 

1 

0.5 

1 

0.5 

3.0 

2 

3 

1 

0.5 

2 

0.7 

1.0 

3 

1 

0.5 

3 

3 

2.0 

3  (excess) 

3 

1 

0.5 

1 

0.5 

5.0 

3 

3 

1 

0.5 

3 

0.6 

2.0 

3 

25 

1 

0.5 

1 

0.5 

0.04 

3 

3 

1 

0.5 

12 

300 

3.0 

3 

3 

1 

0.5 

3 

1 

5.0 

3 

3 

3 

0.5 

2 

0.4 

0.1 

1 

6 

6 

2 

9 

90 

0.3 

1 

25 

3 

1 

8 

27 

2.0 

3 

3 

1 

0.5 

6 

3 

15.0 

3 

3 

1 

0.5 

8 

0.6 

5.0 

2 

25 

1 

0.5 

1 

0.2 

0.5 

3 

3 

10 

1 

10 

20 

5.0 

2 

3 

1 

0.5 

1 

0.2 

5.0 

3  (excess) 

3 

1 

0.5 

3 

0.6 

0.5 

3 

3 

1 

0.5 

8 

16 

4.0 

3 

3 

3 

0.5 

2 

0.5 

5.0 

3  (excess) 

3 

1 

0.5 

2 

0.4 

5.0 

2 

25 

1 

0.5 

1 

0.2 

2.0 

3 

3 

1 

0.5 

8 

4 

2.0 

3 

3 

1 

0.5 

4 

2 

5.0 

3  (excess) 

3 

1 

0.5 

9 

1.8 

5.0 

3 

1 

2 

0.4 

2.0 

3 

1 

6 . 5 

2 

1 

5.0 

3  (excess) 

3 

1 

0.5 

1 

0.2 

10.0 

3 

3 

1 

0.5 

3 

0.3 

3.0 

3 

3 

1 

0.5 

1 

0.3 

1.0 

3 

3 

1 

2 

1 

1 

3.0 

5 

3 

1 

0.5 

9 

3 

2.0 

3 

3 

1 

0.5 

3 

1.5 

2.0 

3 

3 

1 

0.5 

7 

3.5 

3.0 

3 

3 

1 

0.5 

2 

0.7 

5.0 

3 

25 

1 

0.5 

3 

0.6 

10.0 

3 

3 

1 

0.5 

3 

0.3 

2.0 

7 

3 

1 

0.5 

2 

1 

2.0 

3  (excess) 

3 

1 

5 

2 

1 

2.0 

3 

1 

0.5 

2 

1 

5.0 

2  ' 

25 

1 

0.5 

1 

0.2 

3.0 

3 

3 

1 

2 

3 

1 

3.0 

8 

3 

1 

0.5 

1 

0.3 

5.0 

8 

3 

1 

0.5 

2 

0.4 

3.0 

3 

1 

0.5 

1 

0.3 

5.0 

2 

'3 

1 

0.5 

7 

1.4 

3.0 

3 

3 

20 

0.5 

3 

1 

1.0 

3 

3 

25 

0.5 

3 

3 

Extraction  of  Lead.  The  prepared  sample  is  transferred  to 
a  graduated  Squibb  separatory  funnel  and  the  proper  quantities 
of  ammonium  citrate,  potassium  cyanide,  and  hydroxylamine 
hydrochloride  solutions  are  added  (Table  I).  The  solution  is 
made  alkaline  to  phenol  red  with  distilled  ammonium  hydroxide 
and  is  shaken  with  approximately  5  ml.  of  dithizone  solution. 
The  extraction  is  repeated  with  separate  5-ml.  portions  until  the 
dithizone  solution  keeps  its  original  green  color;  if  a  sample  of 
the  proper  size  has  been  chosen  the  second  portion  will  show  the 
presence  of  only  a  trace  of  lead.  The  combined  dithizone  extract 
is  then  shaken  with  20  ml.  of  1  per  cent  nitric  acid  (1  ml.  of  re¬ 
agent  acid  per  100  ml.)  and  the  chloroform  layer  is  discarded. 

Estimation  of  Lead.  Five  milliliters,  measured  accurately, 
of  the  dithizone  solution  and  4  ml.  of  ammonia- cyanide  mixture 
(10)  are  added  to  the  funnel  containing  the  lead  in  1  per  cent 
nitric  acid  and  the  funnel  is  shaken  for  30  seconds.  The  color  of 
this  dithizone  extract  is  compared  with  that  of  a  standard,  which 
has  been  prepared  by  treating  a  known  amount  of  lead  in  exactly 
the  same  way  as  the  material  being  tested.  Usually  10  micro¬ 
grams  of  lead  are  used  in  the  standard  funnel;  this  will  impart  a 
bright  bluish  red  color  to  the  dithizone  solution.  If  the  sample 
contains  less  than  10  micrograms  of  lead,  the  dithizone  extract 
will  show  a  bluer  or  greener  hue  than  the  standard.  Several 
funnels  containing  graduated  quantities  of  lead  can  be  em¬ 
ployed  as  standards  and,  with  practice,  amounts  of  lead  under 
10  micrograms  can  be  estimated  with  a  precision  of  1  microgram. 
Color  comparison  may  be  aided  by  transferring  the  dithizone 
solutions  to  Nessler  tubes,  but  this  step  may  cause  contamina¬ 
tion.  If  kept  reasonably  cool  and  protected  against  strong 
fight,  these  color  standards  will  keep  for  one  day;  they  can  be 
used  for  all  the  analyses  run  during  a  day  if  the  reagents  em¬ 
ployed  are  substantially  lead-free  or  if  the  same  quantity  of  each 
reagent  from  the  same  lot  is  used  in  each  test. 

The  lead  standard  can  be  conveniently  made  by  dissolving  a 

pure  lead  salt,  such  as  the  ni¬ 
trate,  in  1  per  cent  nitric  acid 
and  diluting  the  solution  with  1 
per  cent  nitric  acid  until  the 
lead  concentration  is  1  micro- 
gram  per  milliliter.  This  solu¬ 
tion  will  keep  indefinitely  in 
Pyrex  glass. 

Lead,  thallium,  and  bismuth 
are  estimated  by  the  above 
procedure.  In  practice,  bismuth 
need  not  be  separated  unless 
the  apparent  quantity  of  lead 
exceeds  a  reasonable  limit.  In 
this  case  the  dithizone  solution 
containing  the  lead  (and  bismuth 
and  thallium,  if  present)  in  the 
final  step  is  shaken  with  another 
20-ml.  portion  of  1  per  cent  ni¬ 
tric  acid  and  the  chloroform 
layer  is  discarded.  Dilute  am¬ 
monium  hydroxide  is  added  to 
the  1  per  cent  nitric  acid  until 
pH  2  is  reached  (orange  color  of 
metacresol  purple)  and  the  solu¬ 
tion  is  shaken  with  dithizone 
solution.  A  change  in  color 
indicates  the  presence  of  bis¬ 
muth;  at  this  point  it  can  be 
completely  extracted  with  dithi¬ 
zone  and  the  lead  estimated  by 
the  addition  of  ammonia-cyanide 
mixture  (only  3  ml.)  and  dithi¬ 
zone  solution  as  before. 

Throughout  these  steps 
thallium,  if  present,  will  follow 
the  lead  in  the  analysis  and 
will  be  estimated  as  lead. 
This  is  not  felt  to  be  an  ob¬ 
jection  to  the  method,  since 
the  presence  of  thallium  in 
pharmaceutical  chemicals  is  at 
least  as  dangerous  as  that  of 
lead  and  its  detection  is  equally 
important.  The  test  makes  it 
possible  to  reject  a  chemical 
containing  an  excessive  amount 
of  either  or  both  toxic  metals. 
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Experimental  Results 

At  least  one  representative  of  each  type  of  chemical  for 
which  the  United  States  Pharmacopoeia  or  the  National 
Formulary  gives  a  lead  or  a  heavy  metals  test  was  analyzed 
by  this  dithizone  method.  The  results  indicate  that  the 
method  is  applicable  to  practically  all  pharmaceutical 
chemicals.  Table  I  gives  the  experimental  data  and  indi¬ 
cates  special  sample  preparations.  The  quantities  of  reagents 
given  are  probably  not  optimum,  but  were  satisfactory  in 
practice.  A  few  milliliters  of  double-distilled  water  (not  in¬ 
dicated  in  the  table)  were  used  wherever  necessary. 

Table  II.  Compabison  of  Methods 

✓ - Lead  Found - « 

By  limit  test  By  photometric  method 


P.  p.  m.  P.  p.  m. 

Alum,  ammonium,  c.  P.  7.7  7.5 

Glycerol,  c.  p.  0.6  0.7 

Potassium  nitrate,  A.  R.  0.3  0.37 

Sodium  benzoate,  U.  S.  P.  0.2  0.16 


In  order  to  check  the  results  obtained  by  this  method, 
four  of  the  chemicals  were  analyzed  for  lead  by  a  photo¬ 
metric  procedure  (2).  The  photometric  method,  of  course, 
gives  more  accurate  results,  but  the  lead  estimations  by  the 
new  limit  test  are  reasonably  close  to  the  true  values  (Table 

II) . 

Table  III.  Comparison  with  Spectrographic  Method 

. - Lead  Found - . 

By  limit  test  By  spectrograph 
P.  p.  m.  P.  p.  m. 

Bismuth  subcarbonate,  U.  S.  P.  3  2  to  3 

Cerium  oxalate,  N.  F.  300  260 

Ferric  chloride  solution,  U.  S.  P.  90  100 

An  inspection  of  Table  I  will  show  several  chemicals  that 
seem  to  have  unusually  high  lead  content,  so  that  their  use 
for  medicinal  purposes  is  unwise.  Two  of  these,  together 
with  a  bismuth  salt,  were  analyzed  by  the  spectrographic 
method  in  use  in  this  laboratory  ( 6 ).  The  results  (Table 

III)  show  that  the  high  values  obtained  in  the  limit  test  were 
not  due  to  some  interfering  element  and  that  the  procedure 
given  for  lead  in  bismuth  salts  is  reliable. 

Discussion 

The  dithizone  limit  test  for  lead  in  pharmaceutical  chemi¬ 
cals  is  not  intended  for  use  when  an  extremely  accurate  lead 
determination  is  required.  It  does  not  take  the  place  of  the 
better  titrimetric  or  photometric  dithizone  procedures  (2,  7, 
10,  17)  but  is  useful  primarily  when  it  is  necessary  to  know 
whether  or  not  the  lead  content  of  a  sample  exceeds  a  certain 
given  figure.  Used  in  this  way,  the  test  can  become  very 
valuable  as  a  routine  method  of  ensuring  that  the  lead  con¬ 
tents  of  chemicals  and  medicinal  preparations  do  not  exceed 
a  governmental  or  other  arbitrary  limit,. 

Precautions  necessary  in  other  lead  microdeterminations 
should  be  observed  in  this  procedure.  Contamination  with 
lead  from  dust  in  the  air  should  be  avoided  as  much  as 
possible.  All  filter  papers  used  should  be  of  quantitative  grade, 
acid-washed.  It  is  not  usually  necessary  to  treat  the  papers 
further,  although  a  sheet  that  contains  lead  will  occasionally 
be  found. 

Although  the  dithizone  limit  test  showed  that  relatively 
large  quantities  of  lead  were  present  in  ferric  chloride  solu¬ 
tion,  U.  S.  P.,  ferric  glycerophosphate,  N.  F.,  and  cerium 
oxalate,  N.  F.,  the  official  tests  gave  negative  results  in  each 


instance.  In  addition,  when  as  much  as  0.5  mg.  of  lead  was 
added  to  2  ml.  of  ferric  chloride  solution,  U.  S.  P.,  the  official 
lead  test  still  indicated  that  no  lead  was  present.  When  a 
similar  sample,  also  contaminated  with  an  additional  0.5 
mg.  of  lead,  was  treated  as  described  in  the  official  monograph 
(the  iron  precipitated  with  ammonium  hydroxide  and  filtered), 
the  filtrate  proved  to  be  lead-free  when  tested  by  dithizone. 
This  indicates  that  the  lead  present  is  removed  during  the 
preparation  of  the  sample  by  the  official  method ;  these  con¬ 
clusions  can  also  be  applied  to  other  iron  salts. 

It  is  apparent,  therefore,  that  undesirable  quantities  of 
lead  may  be  present  in  medicinal  preparations  and  remain 
undetected  by  the  present  official  tests.  The  lead  content  of 
the  sample  of  iron  and  ammonium  citrates,  U.  S.  P.,  was  20 
p.  p.  m.  (the  United  States  Pharmacopoeia  does  not  give  a  test 
for  lead  or  heavy  metals  in  this  chemical)  and  the  average 
dose  is  2  grams.  This  means  that  a  person  taking  three 
doses  per  day  would  receive  0.12  mg.  of  lead  from  this  source 
alone,  or  almost  one  half  as  much  lead  as  from  an  average 
day’s  food  {5,  11).  It  is  conceivable  that  some  lots  of  iron 
and  ammonium  citrates  might  contain  more  lead  than  the 
particular  sample  tested ;  in  addition,  quantities  greater  than 
the  equivalent  of  three  doses  of  this  chemical  are  often  taken 
in  a  day,  especially  when  it  is  used  in  beef,  wine,  and  iron 
preparations.  Therefore  it  is  probable  that  for  many  people 
the  normal  daily  intake  of  lead  may  be  significantly  aug¬ 
mented  by  lead  contamination  of  certain  medicines. 

Low  results  may  also  be  secured  by  the  official  method  of 
sample  preparation  in  the  case  of  gelatin,  the  ashed  residue 
of  which  is  tested.  No  statement  regarding  the  ashing  tem¬ 
perature  is  made,  although  it  has  been  shown  that  serious 
losses  of  lead  occur  if  organic  matter  is  ashed  at  tempera¬ 
tures  above  500°  C.,  especially  if  the  quantity  of  ash  is  small 
( 1 ,  8,  8,  9).  The  analyst  is  almost  certain  to  ash  the  sample 
at  the  full  heat  of  the  Bunsen  flame,  or  to  use  a  burner  giving 
even  more  heat,  and  under  these  conditions  much  of  the  lead 
in  the  gelatin  would  be  driven  off. 

The  official  test  for  lead  in  bismuth  subcarbonate  depends 
upon  the  precipitation  of  lead  sulfate  in  a  volume  of  10  ml., 
corresponding  to  a  sample  weight  of  0.5  gram.  It  has  been 
reported  that  10  ml.  of  water  will  dissolve  from  400  to  770 
micrograms  of  lead  sulfate  at  ordinary  temperatures  (18), 
corresponding  to  about  270  to  530  micrograms  of  lead. 
Therefore,  assuming  that  the  solubility  of  lead  sulfate  in 
water  is  not  depressed  materially  by  a  slight  excess  of  sul¬ 
furic  acid  and  the  bismuth  salts  present,  several  hundred  parts 
of  lead  per  million  parts  of  sample  may  escape  detection  by  the 
official  test.  One  average  dose  (1  gram)  of  bismuth  sub¬ 
carbonate,  then,  could  contain  0.5  mg.  of  lead,  or  almost  twice 
the  amount  of  lead  in  an  average  day’s  food,  though  the 
official  test  would  still  be  negative. 

Table  IY.  Determination  of  Lead  in  Bismuth  Salt 

Quantity  of  Bismuth  Suboarbonate  Lead  Added  Lead  Found 
Gram  Micrograms  Micrograms 

1  0  3 

1  5  8 

1  10  12 + 


In  working  out  the  dithizone  test  for  lead  in  bismuth  salts, 
several  methods  of  removing  the  bismuth  were  tried  (12,  14, 
16).  All,  except  the  one  finally  adopted,  either  failed  to  re¬ 
move  enough  of  the  bismuth  or  removed  practically  all  of  the 
lead  with  the  bismuth.  This  was  probably  due  to  the  very 
small  quantity  of  the  lead  in  relation  to  the  amount  of  bis¬ 
muth  present.  As  far  as  can  be  ascertained,  the  method 
given  here  is  the  only  one  reported  by  which  as  little  as  one 
part  of  lead  in  one  million  parts  of  a  bismuth  salt  can  be 
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detected  and  estimated.  No  appreciable  amount  of  lead 
is  lost  in  the  separation  of  the  bismuth,  as  is  shown  in  Table 
IV. 

It  would  seem,  therefore,  that  the  dithizone  limit  test  for 
lead  and  thallium  in  pharmaceutical  chemicals  might  well 
take  the  place  of  the  present  unsatisfactory  official  tests  for 
lead  and  might  supplement  the  heavy  metals  test,  the  official 
test  being  reserved  for  the  detection  of  less  toxic  metals 
such  as  iron,  copper,  zinc,  nickel,  bismuth,  and  tin. 

Summary 

A  dithizone  limit  test  for  lead  and  thallium  in  pharma¬ 
ceutical  chemicals  is  described.  The  test  does  not  require 
special  apparatus  and  is  specific,  rapid  (a  single  test  can 
usually  be  carried  out  in  15  minutes),  sensitive,  and  suffi¬ 
ciently  accurate  to  take  the  place  of  the  official  lead  tests  and 
to  be  useful  as  a  supplement  to  the  present  unsatisfactory 
official  heavy  metals  test.  It  is  possible  with  the  dithizone 
test  to  detect  and  estimate  less  than  one  part  of  lead  and 
thallium  in  one  million  parts  of  any  official  chemical ;  a  table 
is  given  which  includes  analytical  data  for  at  least  one  repre¬ 
sentative  of  each  type  of  official  chemical. 

Small  quantities  of  lead  in  iron  or  bismuth  salts,  gelatin, 
or  cerium  oxalate  cannot  be  detected  by  the  present  official 
lead  tests  or  the  official  heavy  metals  test;  the  proposed 
dithizone  limit  test  is  as  sensitive  in  these  cases  as  in  others. 
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For  the  detection  of  lead  in  bismuth  salts  this  test  is  believed 
to  be  the  most  sensitive  yet  reported. 
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Practical  Evaluation  of  Commercial  Rubber 
Carbon  Blacks  by  X-Ray  Diffraction 
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OF  THE  dozen  or  more  reinforcing  agents  used  in  the 
commercial  compounding  of  rubber,  carbon  blacks  are 
outstanding  in  their  excellence  (4).  Though  no  completely 
satisfactory  theory  has  yet  been  forthcoming  to  explain  the 
action  of  this  material,  the  literature  indicates  that,  among 
other  factors,  the  size  and  shape  of  the  ultimate  carbon  par¬ 
ticles  profoundly  affect  the  characteristics  of  the  rubber  prod¬ 
ucts  obtained  (5). 

Particle  sizes  of  fillers  and  pigments  are  commonly  deter¬ 
mined  by  microscopic  methods.  Of  those  that  have  been 
suggested,  the  method  of  Gehman  and  Morris  (6)  is  perhaps 
most  widely  accepted  as  reliable.  All  microscopic  methods, 
however,  are  subject  to  the  limitation  of  resolving  power  im¬ 
posed  by  the  relatively  narrow  range  of  wave  lengths  in  the 
visible  and  near  ultraviolet  which  can  be  used  for  viewing  and 
photographic  purposes.  Further,  no  distinction  can  be 
drawn  between  ultimate  particles  and  compact  secondary 
aggregates  from  the  microscopic  point  of  view.  Thus,  there 
always  exists  the  possibility  that  microscopic  particle  sizes 
represent  groups  of  individual  particles  rather  than  the 
individuals  themselves. 

Although  several  investigations  of  the  so-called  “amorphous 
carbons”  (any  carbon  product  but  those  showing  diamond  or 
unquestionable  graphite  structures)  have  been  carried  out  by 
means  of  x-ray  diffraction  methods  (1, 8,  7,  8,10,18 ),  this  tool 
has  not  enjoyed  wide  application  in  the  determination  of  par¬ 
ticle  sizes  and  shapes  of  carbon  blacks  used  in  the  rubber  in¬ 
dustry.  Although  some  question  has  been  raised  concerning 
the  approximate  nature  of  x-ray  results,  this  reluctance  to  em¬ 
ploy  x-ray  diffraction  methods  is  surprising,  inasmuch  as  such 
methods  not  only  suffer  no  restrictions  due  to  limited  resolv- 


°  • 

ing  power  (dimensions  of  the  order  of  several  Angstrom  units 
are  commonly  determined)  but  the  results  are  absolutely  in¬ 
dependent  of  the  presence,  absence,  or  extent  of  secondary 
aggregate  formation.  It  is  the  authors’  opinion  that  such 
particle  size  determinations  might  be  of  considerable  interest 
to  the  manufacturers  of  rubber  products. 

From  a  relatively  simple  measurement  of  the  diffraction 
pattern,  the  sizes  of  ultimate  particles  lying  in  the  submicro- 
scopic  range  can  be  calculated  by  any  one  of  several  relations. 
Of  these,  two  merit  special  attention.  The  first  equation  to 
be  derived  was  offered  by  Scherrer  (11),  though  Seljakov  (12) 
later  generalized  Scherrer’s  conditions  and  arrived  at  essen¬ 
tially  the  same  conclusions : 


B  is  the  width  at  points  of  half-maximum  intensity  of  the 
interference  measured  in  radians,  X  is  the  wave  length  of  the 
parallel  monochromatic  radiation  used,  D  is  the  extension  of 
the  primary  crystallite  in  a  direction  normal  to  the  set  of  crys¬ 
tal  planes  giving  rise  to  the  interference  considered,  6  is  half 
the  diffraction  angle  as  defined  by  the  Bragg  law,  and  b  is  an 
additive  constant  which  depends  for  its  value  on  the  condi¬ 
tions  peculiar  to  any  one  set  of  determinations.  Scherrer 
obtained  a  value  of  0.94  for  K,  while  Seljakov  obtained  0.92. 

Somewhat  later,  von  Laue  (9)  presented  a  more  extensive 
mathematical  treatment  of  the  particle  size  question  and 
offered  the  relation : 

-Kl)'co3'*S 


jj  =  0.0884  j  B  cos  9 
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in  which  B  and  6  are  defined  as  above,  r  is  the  radius  of  the 
cylindrical  sample,  R  is  the  radius  of  the  cylindrical  camera, 
and  7?  is  a  pure  number  related  to  the  particle  size  by  an  ex¬ 
pression  involving  wave  length,  lattice  constants  of  the  mate¬ 
rial,  and  particle  dimensions.  This  latter  equation,  whose 
form  depends  on  the  crystal  system  of  the  substance  under 
consideration,  is  simple  for  the  AOO,  0&0,  and  00/  interfer¬ 
ences  of  all  unit  cells  which  may  be  indexed  in  one  of  the 
orthogonal  systems: 

_  X 
71  4tt  mat 

where  ma{  represents  the  crystal  extension  in  a  direction  nor¬ 
mal  to  the  diffracting  family  of  planes.  Von  Laue’s  equation 
was  derived  on  the  assumption  of  absolutely  divergent  radia¬ 
tion  emanating  from  a  point  in  the  circumference  of  the  cylin¬ 
drical  film;  but  besides  this  difference,  experimental  condi¬ 
tions  for  the  two  methods  are  rather  similar  in  nature. 

Experimental  X-Ray  Diffraction  Technique 

The  camera  used  in  this  investigation  was  the  cylindrical  cam¬ 
era  commonly  employed  in  this  laboratory.  The  instrument  was 
accurately  calibrated  and  various  radius  values  were  calculated 
from  exposures  of  pure  graphite.  Two  sets  of  exposures  were 
taken  with  two  different  types  of  sample.  For  one  series,  cylin¬ 
drical  samples  were  made  by  mixing  the  carbon  black  with  a 
small  amount  of  starch  paste,  compressing  this  paste  in  the  bore 
of  a  short  piece  of  glass  capillary  tubing,  and  allowing  the  result¬ 
ing  rod  to  dry  in  air  after  extrusion.  The  diameters  of  all  such 
samples  were  carefully  measured  by  means  of  a  low-power  micro¬ 
scope  with  a  Filar  micrometer  attachment  and  amounted  to 
about  1  mm.  For  the  other  series,  wedge  samples  were  em- 


Table  I.  Particle  Sizes,  Wedge  Samples,  Scherrer 


Equation 


Average 

Average 

Db  (100) 

Sample 

W  “(002) 

D  (002) 

W  (100) 

A. 

A. 

US1 

7.93 

13.5 

.6.95 

17.9 

US2 

6.79 

16.3 

7.59 

16.1 

US3 

6.94 

15.8 

7.30 

16.9 

US4 

5.25 

22.4 

5.88 

22.3 

US5 

6.84 

16.1 

7.24 

17.1 

US6 

6.93 

15.8 

6.95 

17.9 

US7 

6.57 

16.9 

7 .75 

15.7 

US8 

6.78 

16.3 

7.34 

16.8 

US9 

6.53 

17.0 

7.24 

17.1 

US10 

6.50 

17.1 

6.22 

20.7 

US11 

6.75 

16.4 

7.42 

16.5 

US12 

6.53 

17.0 

6.46 

19.7 

US13 

6.97 

15.7 

7.24 

17.1 

G1 

7.07 

15.4 

6.02 

21.6 

G2 

6.89 

15.9 

6.67 

18.9 

G3 

5.52 

21.0 

5.45 

24.7 

G4 

7.49 

14.4 

7.47 

16.4 

G5 

6.08 

18.6 

5.36 

25.3 

Graphite 

1.16 

OO 

1.48 

CO 

“  W  indicates  the  width  at  points  of  half-maximum  intensity  of  the  inter¬ 
ference  as  measured  in  mm.  on  the  film.  This  is  converted  to  B,  the  value 
in  radians. 

b  D  indicates  the  extension  of  the  primary  particle  in  the  direction  normal 
to  the  diffracting  set  of  planes. 


ployed.  The  sample  holder  was  split  vertically  along  a  diameter 
of  the  brass  rod  and  the  half  nearer  the  incident  beam  was  re¬ 
moved  so  that  the  resultant  sample  had  thg  shape  of  a  30-60° 
right  triangular  wedge.  Wedge  samples  were  simply  formed  by 
merely  pressing  carbon  black  into  the  sample  holder  by  means  of 
a  spatula. 

Exposures  were  made  of  the  wedge  samples  by  means  of  colli¬ 
mated  radiation  from  the  strong  pinhole  of  a  copper  anode 
Philips  Metalix  diffraction  unit  operated  at  28,000  volts  and  20 
milliamperes.  During  exposure  of  the  cylindrical  samples,  the 


w 

6  2 

5 

5.8 

• 

• 

• 

• 

54 

• 

• 

50 

US4 

•  • 
• 

► 

72 

68 

• 

• 

• 

• 

64 

• 

• 

US8 

0 

5 

0.6 

0.7 

0.8 

0  .9  R 

Figure  1 


1.  Schematic  diagram  of  Debye-Scherrer  camera 

2.  Method  of  density  calculation  from  microphotometer  curve 

3.  Intensity  distribution  of  an  002  interference  as  determined  from  a  microphotometer  curve 

4.  Log  galvanometer  deflection  in  microphotometer  plotted  as  a  function  of  film  density  .  .  .  .. 

5.  Width  at  points  of  half-maximum  intensity  (in  mm.)  of  002  interference  of  US4  and  US8  as  a  function  of  R  (=  ratio  of  intensity 

of  monochromatic  x-ray  beam  after  passage  through  sample  to  initial  intensity)  to  show  effect  of  sample  thickness 
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collimator  tube  of  the  camera  was  replaced  with  a  single  pinhole 
[accurately  machined  to  0.25  mm.  (0.010  inch)  in  diameter]  lo¬ 
cated  in  the  circumference  of  the  circular  film.  In  all  cases,  the 
radiation  was  filtered  through  nickel  foil  to  remove  copper  beta 
and  tungsten  lines  and  render  the  radiation  almost  perfectly 
monochromatic.  All  patterns  were  registered  on  Agfa  double- 
dipped  x-ray  film  and  exposures  were  regulated  (8  to  10  hours)  so 


that  the  maximum  film  density”  obtained  did  not  exceed  1.5, 
This  lies  well  within  the  range  of  linear  response  for  such  film. 

All  patterns  were  photometered  with  a  Moll-type  automatically 
registering  microphotometer,  using  a  silver-bismuth  thermopile. 
Check  calculations  on  specially  prepared  graded  density  plates 
showed  the  linear  range  of  this  instrument  to  extend  far  beyond 
any  density  value  encountered  in  this  investigation. 

The  procedure  outlined  above  ful¬ 
fills  all  the  von  Laue  conditions  for  the 
cylindrical  sample  exposures  (assum¬ 
ing  that  the  very  slight  radiation  ab¬ 
sorption  of  the  carbon  black  may  be 
neglected  without  appreciable  error) 
and  all  line  widths  obtained  from  pat¬ 
terns  of  such  samples  were  used  in  the 
von  Laue  formula  to  calculate  particle 
sizes.  On  the  other  hand,  all  wedge 
sample  exposures  fulfill  the  Scherrer 
conditions  except  for  that  of  sample 
shape.  Since  the  effect  of  sample 
radius  (which  really  defines  the  in¬ 
cident  beam  of  radiation  in  a  Scherrer 
determination)  is  normally  accounted 
for  in  calculation  by  the  constant  6, 
and  since  the  radiation  absorption  of 
carbon  black  is  practically  negligible, 
it  is  to  be  expected  that  the  use  of  a 
pinhole  to  define  the  beam  in  connec¬ 
tion  with  a  differently  shaped  sample 
would  have  little  effect  on  the  calcula¬ 
tions  except  to  give  a  different  value 
to  b.  That  this  is  true  was  shown  by 
experiment.  All  fine  widths  obtained 
from  patterns  of  wedge  samples,  then, 
were  used  in  the  Scherrer  equation  to 
calculate  particle  extensions. 

Results 

X-ray  patterns  were  taken  of  18 
samples  of  carbon  blacks  supplied  by 
two  large  manufacturers  of  rubber 
products.  All  interferences  were  diffuse 
and  of  a  nature  to  indicate  very  small 
particle  size,  which  may  be  mathe¬ 
matically  treated  by  radial  distribution 
methods.  In  general,  the  lines  were 
so  broadened  that  only  the  002  and  100 
interferences  were  sufficiently  de¬ 
veloped  to  permit  measurement  of  the 
half -maximum  line  width.  In  all  cases, 
at  least  two  good  checks  (better  than 
the  5  per  cent  check  commonly  ac¬ 
cepted  in  intensity  work)  of  line  widths 
were  obtained;  in  many  cases  three 
good  checks  were  obtained ;  and  in  a 
few  cases  where  the  first  several  de¬ 
terminations  did  not  give  good  checks, 
exposures  were  continued  until  five  or 
six  good  checks  were  obtained.  Table 
I  shows  the  averaged  line  width  data 
obtained  from  the  wedge  samples  and 
the  resultant  particle  size  values  cal¬ 
culated  by  means  of  the  Scherrer  equa¬ 
tion. 

Table  II  shows  line  width  data  ob¬ 
tained  from  cylindrical  samples  and 
resultant  particle  sizes  calculated  by 
means  of  the  von  Laue  equation.  Since 
the  calculation  depends  on  the  value 


■ 


Figure  2.  Diffraction  Patterns 


6.  Spectroscopically  pure  graphite,  wedge  sample  11. 

7.  Black  US4,  wedge  sample  12. 

8.  Black  US1,  wedge  sample 

9.  Spectroscopically  pure  graphite,  cylindrical  13. 

sample  14. 

10.  Black  US4,  cylindrical  sample  15. 


Black  TJS1,  cylindrical  sample 
Carbon  black  removed  from  rubber 
mix  M2 

Zinc  oxide  filler 
Carbon  black  US1 
Pure  rubber 
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of  the  sample  radius  and  since  this  quantity  varies  from  sample 
to  sample,  line  width  data  cannot  be  averaged  as  they  were  in 
Table  I.  Instead,  each  calculation  must  be  carried  through 
to  completion  and  averages  taken  of  the  final  particle  size 
values.  For  this  reason,  Table  II  shows  only  one  represen¬ 
tative  line  width  with  the  corresponding  sample  radius,  though 
the  value  given  for  the  calculated  particle  size  is  the  average 
obtained  from  all  such  values  for  the  sample  in  question. 

Comparison  of  the  data  of  Table  I  with  those  of  Table  II 
was  carried  out  by  calculating  the  per 
cent  deviation  from  the  mean  for  each 
pair  of  particle  sizes.  For  the  002 
dimension,  the  per  cent  deviation  of 
the  two  sets  of  values  from  the  mean 
between  them  averages  5.46.  The 
average  deviation  for  the  100  dimen¬ 
sion  is  10.49.  This  less  satisfactory 
value  arises  from  the  fact  that  all  100 
interferences  were  less  distinct  than  the 
002  lines  and  were  correspondingly 
harder  to  measure  with  accuracy. 

Although  in  a  few  cases  the  calcu¬ 
lated  deviations  seem  to  show  con¬ 
siderable  difference  between  particle 
sizes  calculated  on  the  basis  of  the 
Scherrer  and  von  Laue  methods  for  the 
same  sample,  in  the  writers’  opinion 
these  data  constitute  a  rather  good 
check.  Cameron  and  Patterson  (2) 
believe  x-ray  particle  size  determina¬ 
tions  may  be  in  error  by  as  much  as  a 
factor  of  2;  while  only  one  of  the  26 
comparisons  of  the  sets  of  data  above 
shows  a  deviation  even  approaching 
this  figure.  In  view  of  this  fact,  the 
true  average  particle  sizes  of  the  18 
samples  of  blacks  are  probably  very 
closely  approximated  by  the  data  given. 

Two  facts  in  particular  are  at  once 
apparent  from  these  data.  Assuming 
the  ultimate  carbon  particle  is  ap¬ 
proximately  a  hexagonal  right  prism  in 
shape,  the  value  of  the  002  extension 
is  seen  to  be  the  prism  altitude  while 
the  100  extension  gives  the  base  di¬ 
mension  between  any  two  diametri¬ 
cally  opposed  apices.  Consideration  of 
the  particle  size  data  shows  that  the 
ultimate  particles  of  commercial  rubber 
carbon  blacks  have  almost  equal  di¬ 
mensions  in  the  two  principal  crystallo¬ 
graphic  directions.  This  generalization 
is  of  particular  interest  when  one  recalls 
that  the  so-called  active  carbons  com¬ 
monly  show  a  leaflike  or  platelike 
structure  with  the  base  diameter 
amounting  to  several  times  the  alti¬ 
tude  (7).  Further,  it  should  be  noted 
that  all  particle  sizes  lie  in  a  relatively 
narrow  range.  Thus,  these  samples 
indicate  that  the  rubber  industry  has, 
by  empirical  and  independent  means, 
set  up  a  standard  of  particle  size  as 
well  as  particle  shape. 

Samples  Gl  to  G5,  inclusive,  were 
subjected  to  careful  microscopic  ex¬ 
amination  by  another  laboratory  and 
the  particle  sizes  were  determined  by 
the  method  of  Gehman  and  Morris. 


As  was  to  be  expected,  these  figures  showed  not  the  slightest 
agreement  with  the  x-ray  results.  This  result  was  expected 
from  a  casual  inspection  of  the  diffraction  patterns.  Ulti¬ 
mate  particles  with  sizes  given  by  this  microscopic  method 
(450  to  1120  A.)  should  give  distinct  sharp-line  patterns; 
while  all  diffraction  patterns  obtained  were  diffuse  and  ill  de¬ 
fined.  Table  III  lists  the  two  inconsistent  sets  of  data.  The 
obvious  rationalization  of  this  discrepancy  lies  in  the  tendency 
of  carbon  blacks  to  form  compact  secondary  aggregates  and 


Diffraction  Patterns 


Figure  3. 

16.  Black  rubber  mix  M2 

17.  Double  exposure  of  Black  US1  and  pure  rubber 

18.  Rubber  mix  M2  (right)  compared  with  double  exposure  of  US1  and  rubber 

19.  Rubber  mix  M2  (left)  compared  with  US1 

20.  Rubber  mix  M2  (left)  compared  with  rubber 

21.  Pure  graphite  (right)  compared  with  US1 
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Table  II.  Particle  Sizes,  Cylindrical  Samples,  yon  Laue 

Equation 


Average 

Average 

Sample 

Radius 

W  (002) 

D  (002) 

W  (100) 

D  (100) 

Mm. 

A. 

A. 

US1 

0.446 

7.69 

12.6 

6.99 

14.2 

US2 

0.498 

6.76 

14.3 

6.26 

16.2 

US3 

0.498 

6.62 

14.7 

7.40 

13.0 

US4 

0.496 

5.59 

17.7 

5.72 

18.0 

US5 

0.516 

6.56 

14.8 

6.36 

18.5 

US6 

0.467 

6.65 

14.4 

7.41 

13.7 

US7 

0.486 

6.62 

14.5 

7.95 

13.3 

US8 

0.452 

6.66 

14.7 

7.58 

12.9 

G1 

0.427 

7.11 

14.2 

7.48 

13.4 

G2 

0.483 

6.71 

14.3 

6.41 

15.6 

G3 

0.516 

5.72 

17.3 

5.43 

19.2 

G4 

0.453 

7.56 

12.7 

5.84 

17.9 

G5 

0.513 

6.20 

15.8 

5.02 

21.0 

in  the  impossibility  of  microscopic  observation  of  particles 
whose  dimensions  do  not  exceed  25  A.  Assuming  that  the 
secondary  aggregates  are  roughly  spherical  in  shape  and  that 
the  microscopic  particle  size  represents  the  value  of  the  ag¬ 
gregate  diameter,  these  data  may  be  used  to  calculate  the 
approximate  number  of  ultimate  particles  per  aggregate. 
Further  weight  is  added  to  this  interpretation  by  the  fact  that 
a  series  of  zinc  oxide  samples  gave  concordant  results  for  grain 
size  by  both  microscopic  and  x-ray  methods. 

It  is  obvious  from  Table  III  that  x-rays  and  the  microscope 
measure  two  entirely  different  structural  units  in  the  carbon 
blacks.  The  above  calculations  have  been  made  upon  the 
basis  that  the  primary  particles  were  truly  crystalline  and  of 
colloidal  dimensions,  and  that  the  particle  which  appears  in 
the  microscope  is  a  secondary  aggregation  of  these  units. 
There  are,  of  course,  other  possibilities.  Warren  (IS)  has 
extended  the  powerful  methods  of  dealing  with  liquids,  glasses, 
and  similar  materials  to  the  case  of  carbon  black,  in  which  no 
assumptions  are  involved  as  to  the  crystallinity  of  the  mate¬ 
rial  but  merely  the  distribution  of  atoms  about  any  one  atom 
calculated  directly  from  the  experimental  scattering  curve  by 
the  method  of  Fourier  integral  analysis.  These  results  indi¬ 
cated  definitely  the  existence  of  single  graphite  layers  in  which 
the  carbon  atoms  are  arranged  in  the  typical  six-membered 
rings.  Whether  these  single  layers  have  definite  orientation 
and  position  with  respect  to  other  similar  layers,  as  is  true  in 
a  graphite  crystal,  or  whether  carbon  black  is  a  mesomorphic 
form  of  carbon,  could  not  be  definitely  decided  from  the  ex¬ 
perimental  results.  Warren’s  work,  however,  indicates  that 
carbon  black  is  a  heterogeneous  mixture  of  particles  which 
range  from  single  graphite  layers  up  to  graphite  crystals  sev¬ 
eral  layers  thick.  An  intense  scattering  at  small  angles  is  due 
to  the  difference  between  grain  density  and  average  density 
caused  by  the  loose  packing  of  the  extremely  small  grains. 
Thus  it  is  clearly  evident  that  the  maximum  breadth  of  fines 
must  be  associated  with  these  smallest  subcrystalline  par¬ 
ticles. 

Since  the  x-ray  data  indicate  that  in  these  rubber  carbon 
blacks  the  particles  are  essentially  equiaxed,  on  the  average 
these  must  consist  of  a  series  of  layers  packed  on  top  of  each 
other,  probably  not  in  absolutely  perfect  array  but  in  a  dis¬ 
torted  arrangement,  as  though  a  deck  of  cards  were  held 
firmly  between  the  hands  and  twisted  around  an  axis  perpen¬ 
dicular  to  the  surface.  Thus  distortion  produces  line  broad¬ 
ening  just  as  colloidal  particle  size  does,  and  it  is  impossible 
to  determine  from  these  diffuse  diffraction  patterns  just  what 
contribution  has  been  made  by  particle  size  and  by  a  distorted 
structure.  However,  certain  distinctive  characteristics  of  the 
microscopic  measurements  are  carried  over  into  the  x-ray 
measurements.  Specimens  G3  and  G5  are  thermal  blacks 
with  much  larger  microscopic  particle  size  than  the  other  3 
channel  blacks  formed  at  low  temperatures  from  gas.  The 
same  distinction  is  observed  in  the  x-ray  data. 


Figure  4.  Microphotometer  Curves 

1.  Trace  of  pure  graphite  (6,  Figure  2) 

2.  Trace  of  US4  (7,  Figure  2) 

3.  Trace  of  US4  (10,  Figure  2) 

4.  Trace  of  graphite  (9,  Figure  2) 


Table  III. 

Comparison 

of  Microscopic  and 

X-Ray  Data 

Particles 

Microscopic 

X-Ray  Diffraction  Size 

per 

Sample 

Size 

Altitude 

Base 

Aggregate 

Mu 

A. 

A. 

G1 

0.045 

15.4 

21.6 

3.2  X  103 

G2 

0.064 

15.9 

18.9 

9.2  X  103 

G3 

0.160 

21.0 

24.7 

6.4  X  10< 

G4 

0.025 

14.4 

16.4 

8.1  X  10* 

G5 

1.120 

18.6 

25.3 

2.4  X  10' 

X-Ray  Evaluation  of  Blacks  in  Rubber  Mixes 

It  would  be  an  obvious  advantage  to  be  able  to  evaluate  the 
particle  sizes  and  shapes  of  blacks  already  compounded  in  rub¬ 
ber.  Therefore,  great  effort  has  been  expended  to  adapt  the 
preceding  methods  to  such  mixes.  It  was  first  definitely  es¬ 
tablished  for  several  specimens  that  the  diffraction  pattern 
for  the  final  cured  mix  could  be  duplicated  exactly  by  super¬ 
posing  on  the  same  film  the  patterns  of  rubber  alone  and  the 
black  alone.  Thus  there  is  no  evidence  whatever  that  the  mix 
is  anything  more  than  a  physical  dispersion,  even  though  ad¬ 
sorptive  forces  may  be  very  powerful.  These  patterns  show 
at  once  that  the  carbon  black  strongest  interference  002  is  so 
seriously  obscured  by  the  halo  of  unstretched  rubber  that 
measurement  of  the  width  at  points  of  half-maximum  in¬ 
tensity  of  the  former  is  impossible.  However  the  correspond¬ 
ing  width  of  the  weaker  100  interference  may  still  be  measured 
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with  sufficient  accuracy  to  permit  a  fair  estimate 
of  the  particle  size.  Though  this  interference  is 
capable  of  showing  only  one  dimension  of  the 
particle,  the  particles  of  all  blacks  investigated 
are  so  nearly  the  same  shape  and  so  nearly  equi- 
dimensional  in  the  two  principal  directions  that 
an  approximation  of  particle  size  can  be  made 
from  a  single  measurement.  Separate  films  for 
sample  Ml  gave  for  this  interference  widths  at 
half-maximum  intensities  of  8.71,  8.80,  and  8.75; 
for  M2,  7.13  and  6.93. 

The  alternative  method  is  to  reduce  the  rubber 
content  by  swelling,  refluxing,  and  solution  of  the 
rubber  and  separation  of  the  black  by  high-speed 
centrifuging,  to  a  point  where  the  strong  002  in¬ 
terference  of  the  black  will  be  resolved.  The 
following  values  are  obtained  for  sample  M2. 


W  (002)  Av.  W  (002) 

8.05  7.79 

7.53 

Original  black 

used  in  M2  7.85 


W  (100)  Av.  W  (100) 

7.41  7.36 

7.32 

7.16 


Table  IV.  Properties  op  Carbon  Blacks 


Sam¬ 

Appar¬ 

ent 

Particle 

Total 

Active 

DPG 

Adsorp- 

Ratio 

Tensile 

4% 

Shore 

Durom- 

ple 

Density® 

Areai> 

Surface  Surface® 

tiond 

4:5®  ! 

Strength/  Modulus'7 

eter 

US1 

0.067 

d.2 

3130 

Sq.  m./g. 
1563 

Sq.  m./g.  Mg./g. 
117.2  26.48 

4.43 

US2 

0.138 

2913 

1518 

23.2 

10.05 

2.31 

4678 

2280 

66 

US3 

0.316 

3085 

1487 

29.2 

10.95 

2.68 

4990 

2530 

70 

US4 

0.253 

5584 

1090 

4.85 

1.40 

3.43 

4064 

765 

55 

US5 

0.277 

3161 

1466 

22.8 

1.92 

11.90 

US6 

0.277 

3383 

1440 

27 .4 

9.80 

2.80 

4680 

2365 

64 

US7 

0.216 

2863 

1501 

21.4 

7.55 

2.84 

4098 

2415 

66 

US8 

0.161 

3097 

1473 

29.0 

9.16 

3.16 

4453 

2370 

66 

US9 

0.171 

3256 

1428 

24.8 

6.93 

3.58 

4320 

2260 

62 

US10 

0.227 

4361 

1289 

9.6 

1.35 

7.10 

US11 

0.239 

3076 

1496 

23.2 

6.82 

3.40 

4203 

2365 

67 

US12 

0.071 

3501 

1391 

25.6 

4.95 

5.18 

US13 

0.253 

3123 

1483 

30.0 

10.28 

2.92 

4637 

2345 

65 

a  Determined  with  great  care  in  a  modified  Scott  volumeter. 

&  Calculated  from  x-ray  data  in  Table  I,  assuming  right  hexagonal  prisms. 

c  From  methylene  blue  adsorption  and  Paneth’s  data  for  area  covered  by  1  mg.  of 
methylene  blue  in  a  monomolecular  layer.  Analysis  with  Cenco-Sheard-Sanford  Pho- 
telometer. 

d  Adsorption  of  diphenylguanidine  (accelerator)  per  gram  of  carbon. 

e  Variation  in  surface  adsorption  of  different  materials  (methylene  blue  and  diphenyl 
guanidine).  . 

/  Carbon  black  in  conventional  tread  compound  at  optimum  care,  tensile  strength  in 
Scott  machine. 

o  Same  stock,  modulus  measured  by  stress-strain  machine  on  ring-shaped  test  piece. 

h  Contained  more  than  2%  extractable  material. 


Thus  the  agreement  in  values  for  the  black  alone,  the  rubber 
mix,  and  the  black  extracted  from  the  mix  is  very  satisfactory. 


CURVE  7 


Figure  5.  Microphotometer  Curves 

5.  Trace  of  US1  (8,  Figure  2) 

6.  Trace  of  US1  (11,  Figure  2) 

7.  Trace  of  black  rubber  mix  M2 

8.  Trace  of  carbon  from  mix  M2  (12.  Figure  2) 


Relation  between  Particle  Size  and  Other 
Properties 

Even  though  all  the  commercial  blacks  are  similar  in  par¬ 
ticle  size  and  have  nearly  the  same  dimensions  in  the  two  prin¬ 
cipal  crystallographic  directions,  it  is  of  interest  to  present 
in  Table  IV  a  summary  of  measurements  with  these  specimens 
on  apparent  density,  particle  area,  and  total  surface  in  square 
meters  per  gram  calculated  from  the  x-ray  data,  the  active 
surface  calculated  from  methylene  blue  adsorption,  diphenyl 
guanidine  adsorption,  and  three  mechanical  properties  of 
cured  tread  stock  containing  these  carbons.  Especially  note¬ 
worthy  is  No.  US1,  which  is  extremely  fluffy,  has  by  far  the 
greatest  active  surface,  and  also  has  the  greatest  departure  in 
particle  shape  from  equiaxed  grains.  This  is  in  agreement  with 
the  contention  that  the  most  highly  activated  carbons  have 
flakelike  shapes.  Carbon  US4  is  anomalous,  but  this  was 
found  to  be  due  to  the  presence  of  more  than  2  per  cent  of  ex¬ 
tractable  tar.  When  this  was  removed,  the  purified  residue 
was  comparable  with  the  others.  The  same  was  true  of  US  10. 
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Wijs  Iodine  Numbers  for  Conjugated 

Double  Bonds 

Influence  of  Sample-Reagent  Ratio 

WILLIAM  C.  FORBES  AND  HARVEY  A.  NEVILLE,  Lehigh  University,  Bethlehem,  Penna. 


A  RECENT  investigation  of  the  catalytic  dehydration  of 
castor  oil  by  the  authors  involved  a  great  many  deter¬ 
minations  of  iodine  numbers.  The  standard  procedure  for 
the  Wijs  method,  calling  for  a  standing  interval  of  30  minutes, 
was  used  (I).  The  product  upon  which  the  determination 
was  made  contained  in  addition  to  single  bonds,  both  isolated 
and  conjugated  double  bonds.  Occasionally  much  lower 
results  were  obtained  than  would  have  been  expected  from 
the  amount  of  water  evolved  in  the  dehydration  process. 
A  check  revealed  that  the  size  of  sample  used  in  these  deter¬ 
minations  was  larger  than  customary  and  it  was  suspected 
that  this  was  the  cause  of  the  discrepancy.  Extensive  inves¬ 
tigations  with  tung  oil  by  Ho,  Wan,  and  Wen  (3)  and  by  Wan 
:and  Ho  (5)  proved  that  the  time  of  contact,  excess  of  reagent, 
.and  temperature  were  very  important  factors  in  obtaining 
.concordant  iodine  numbers  for  this  oil.  Gardner  (3)  also 
has  pointed  out  the  importance  of  weight  of  sample  in  this 
determination. 

A  pertinent  article  by  Smit  (4),  describing  the  work  of  J. 
Boeseken  and  of  J.  Van  Loon,  showed  that  substances  with 
.conjugated  systems  act  abnormally  with  Wijs  reagent. 
Figure  1,  plotted  from  data  given  in  this  article,  shows  the 
variation  of  the  iodine  number  with  the  weight  of  sample 

pep  cent  excess  peace  NT - 


100  80  60  40  20  o 


Figure  1.  Variation  of  Iodine  Number  with  Weight 
of  Sample  for  Isomers  9,11-  and  9,12-Linoleic  Acid 

Superimposed  is  plot  of  per  cent  excess  of  reagent  vs.  iodine  number 


used  for  systems  of  two  isolated  double  bonds  and  of  two  con¬ 
jugated  double  bonds.  The  former  is  represented  by  9,12- 
linoleic  acid  and  the  latter  by  9,11-linoleic  acid.  The  differ¬ 
ence  in  the  action  of  the  two  systems  to  the  Wijs  reagent  is 
most  striking.  To  show  the  effect  of  the  excess  of  reagent, 
a  plot  of  per  cent  excess  of  reagent  vs.  the  iodine  number  is 
superimposed  upon  the  previous  plot.  The  necessary  data 
were  calculated  from  those  given  by  Smit.  The  juxtaposition 
of  the  two  curves  brings  out  clearly  how  dependent  the  result 
obtained  with  the  conjugated  system  is  upon  the  excess  of 
reagent  present. 

pee  ecu  r '  excess  pea  cent - 


WT.  SAMPLE,  mg. - 

Figure  2.  Variation  of  Iodine  Number  with  Weight 
of  Sample 

Castor  oil  dehydrated  with  1  per  cent  sodium  acid  sulfate 

Since  the  dehydrated  castor  oil  under  investigation  con¬ 
tained  conjugated  double  bonds  (proved  by  its  ability  to 
undergo  a  Diels- Alder  reaction),  it  was  thought  advisable  to 
carry  out  a  series  of  iodine  determinations  upon  it,  using  a 
gradually  increasing  weight  of  sample.  This  was  done  for 
samples  of  castor  oil  dehydrated  with  1  and  with  2  per  cent 
sodium  acid  sulfate,  and  Figures  2  and  3  show  plots  of  the 
data  thus  obtained.  Again  the  dependence  of  the  iodine 
number  upon  the  excess  of  reagent  present  is  clearly  brought 
out. 

The  contrast  in  this  respect  between  isolated  and  conjugated 
systems  was  carried  a  step  farther  by  comparing  the  iodine 
numbers  of  different  weights  of  9,12,15-linolenic  acid  (three 
isolated  double  bonds)  with  those  obtained  from  tung  oil 
(China  wood  oil,  three  conjugated  double  bonds).  Figure 
4  shows  the  curves  resulting  when  these  data  are  plotted. 
Once  more  the  isolated  system  gave  fairly  constant  results, 
approximating  very  closely  the  theoretical  value  for  three 
double  bonds.  The  conjugated  system,  on  the  other  hand, 
again  yielded  widely  diverging  results,  a  value  two  thirds  the 
theoretical  being  approached.  Tung  oil,  although  not  pure 
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triglyceride  of  eleostearic  acid,  contains  enough  to  show  the 
trend.  This  result  may  be  due  to  1,4-addition  to  a  con¬ 
jugated  system,  in  this  case  adding  either  9,12-  or  11,14-: 


ture  of  isolated  and  conjugated  double  bonds.  With  an 
isolated  system  the  reagent  would  be  exhausted  when  the 
larger  sample  was  used. 


9  10  11  12  13  14 

— CH=CH— CH=CH— CH=CH- 


— CH— CH=CH— CH— CH=CH- 

1  r 

— CH — CH=CH — CH — CH — CH- 
I  III 


— CH=CH— CH— CH=CH— CH- 

1  1 

— CH— CH— CH— CH=CH— CH- 

III  I 


This  mechanism  would  assume  that  it  was  difficult,  in  the 
time  interval  used  and  with  the  excess  commonly  present, 
for  the  iodine  to  saturate  the  double  bond  between  the  two 
iodine  atoms  which  have  entered  1,4-,  thus  accounting  for 
the  limiting  value  of  two  thirds  the  theoretical. 

Figure  5  shows  a  plot  of  the  iodine  numbers  obtained  from 
different  weights  of  raw  castor  oil.  With  this  compound 
containing  only  one  double  bond  the  weight  of  sample  could 
be  varied  fivefold  without  appreciably  changing  the  results. 

It  is  apparent  from  these  data  that  the  presence  of  con¬ 
jugated  double  bonds  complicates  the  determination  of  iodine 
numbers  by  the  Wijs  method  and  requires  that  some  con¬ 
sistent  weight  of  sample  be  adhered  to  for  relative  values. 
Even  then  there  is  the  possibility  of  a  large  absolute  error, 
particularly  if  three  conjugated  double  bonds  are  present. 
If  more  or  less  sample  were  weighed  out  than  that  selected 
as  standard,  a  varying  amount  of  reagent  could  be  run  in  from 
a  buret  to  keep  the  ratio  of  volume  of  reagent  to  weight  of 
sample  always  constant.  This  would  necessitate  an  extra 
calculation  in  order  to  convert  the  blank  to  the  actual  amount 
of  reagent  used. 

A  suggested  rapid  test  for  ascertaining  whether  a  particular 
fatty  oil  contains  a  conjugated  system  of  double  bonds  is  to 
use  the  same  amount  of  reagent  in  determining  iodine  num¬ 
bers  for  0.1-gram  and  0.5-gram  samples.  If  there  is  a  great 
divergence  in  the  results,  we  can  be  sure  the  system  is  con¬ 
jugated;  if  the  difference  is  moderate,  we  probably  have  a  mix- 

PER  CENT  EXCESS  REAGENT - 
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Figure  3.  Variation  of  Iodine  Number  with  Weight 
of  Sample 

Castor  oil  dehydrated  with  2  per  cent  sodium  acid  sulfate 


Summary 

Iodine  numbers  obtained  by  the  Wijs  method  for  systems 
containing  conjugated  double  bonds  are  strongly  influenced 
by  the  excess  amount  of  reagent  present.  Data  are  presented 
to  show  this  effect  for  the  conjugated  systems  (1)  9,11-linoleic 
acid,  (2)  tung  oil,  and  (3)  dehydrated  castor  oil.  Contrasting 
data  show  that  the  excess  of  reagent  is  of  relatively  slight 
importance  for  the  isolated  systems  9,12-linoleic  acid  and 
9,12,15-linolenic  acid  and  for  raw  castor  oil. 
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Figure  4.  Variation  of  Iodine  Number  with  Weight 
of  Sample  for  Systems  of  Three  Double  Bonds 
Isolated  (9,12,15-Iinoleic  acid)  vs.  conjugated  (tung  oil) 
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Figure  5.  Variation  of  Iodine  Number  of  Castor  Oil. 
with  Weight  of  Sample 
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A  procedure  is  suggested  by  which  the  ratio  of  volume  of 
reagent  to  weight  of  sample  is  kept  constant  in  order  to  ob¬ 
tain  comparable  iodine  numbers  if  conjugated  double  bonds 
are  present. 

A  simple  test  for  the  presence  of  conjugated  double  bonds  is 
suggested,  based  upon  the  relative  effects  of  excess  reagent 
upon  systems  of  isolated  and  conjugated  double  bonds. 
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Analysis  of  Sulfite  Solutions  Containing  Selenium 

A  Volumetric  Method 

R.  C.  SHAVER  AND  C.  R.  McCROSKY,  Syracuse  University,  Syracuse,  N.  Y. 


IN  THE  course  of  a  study  of  alkali  sulfite  solutions  contain¬ 
ing  selenium  a  rapid  and  accurate  volumetric  method  for 
the  determination  of  sulfite  and  selenium  was  needed.  The 
nature  of  these  solutions  was  such  that  ordinary  gravimetric 
methods  could  be  applied  only  with  difficulty  because  floccu- 
lent  red  selenium  is  precipitated  on  slight  acidification.  A 
procedure  was  worked  out  by  which  it  is  possible  to  determine 
the  sulfite  and  selenium  volumetrically  in  the  same  sample. 

Use  was  made  of  the  fact  that  red  selenium  in  the  colloidal 
condition  can  be  quantitatively  oxidized  to  selenious  acid  in 
the  presence  of  a  moderate  concentration  of  acid  by  standard 
solutions  of  bromate,  using  the  method  of  Coleman  and  Mc- 
Crosky  (2),  according  to  the  equation 

2KBrC>3  T  3Se  -t-  3H2O  — 3H2SeOj  -t-  2KBr 

Preliminary  experiments  indicated  that  sulfurous  acid  is 
oxidized  by  the  same  reagent  to  sulfuric  acid  according  to  the 
equation 

KBrOa  +  3H2SC>3  — ^  3H2S04  +  KBr 

Both  reactions  were  found  to  take  place  in  two  steps,  the 
initial  step  in  both  cases  being  the  liberation  of  free  bromine 
from  bromide  by  the  bromate.  A  study  of  the  standard  po¬ 
tentials  for  the  following  couples  (3) 

2Br"  =  Br2(aq.)  +  2e  E0  =  —1.087 

Se  (black)  +  3H20  =  H2Se03  +  4H+  +  4e  E0  =  -0.740 
H2SO3  +  H20  =  S04—  +  4H+  +  2e  E0  =  -0.20 

indicated  that  in  a  mixture  of  sulfurous  acid  and  selenium, 
the  sulfurous  acid  should  be  oxidized  by  the  bromate  before 
the  selenium  reacts.  This  was  confirmed  by  preliminary  ex¬ 
periments,  which  also  showed  that  if  most  of  the  bromate  re¬ 
quired  for  the  combined  oxidation  of  the  sulfurous  acid  and 
selenium  present  is  added  to  the  solution  before  acidification, 
the  residual  selenium  can  be  kept  in  the  colloidal  condition 
and  titrated  to  an  end  point  with  more  bromate.  Such  a 
procedure  precludes  the  loss  of  sulfurous  acid  as  sulfur  dioxide 
from  the  strongly  acid  solution  necessary  for  the  oxidation 
of  colloidal  selenium  by  bromate. 

The  selenious  acid  in  the  resulting  solution  can  then  be  ti¬ 
trated  with  standard  thiosulfate  and  iodine  by  the  method  of 
Norris  and  Fay  ( 5 ),  as  modified  by  Coleman  and  McCrosky 
( 1 ).  From  the  amount  of  selenium  found  by  the  latter  titra¬ 
tion  the  equivalent  volume  of  standard  bromate  solution  is 


calculated,  and  this  is  subtracted  from  the  total  amount  of 
bromate  consumed,  giving  the  amount  of  bromate  consumed 
in  the  oxidation  of  the  sulfurous  acid. 

The  two  titrations  on  which  the  method  has  been  based 
have  been  shown  to  be  applicable  to  the  determination  of  as 
little  as  0.1  mg.  of  selenium  by  the  use  of  sufficiently  dilute 
standard  solutions  ( 1 ,  2,  8,  5).  However,  the  method  given 
here  will  obviously  be  limited  to  amounts  of  selenium  which 
will  not  require  inconvenient  and  impractically  large  volumes 
of  standard  bromate  solution  to  oxidize  the  sulfite  content  of 
the  sample.  For  example,  using  a  50-ml.  buret  and  a  25-ml. 
sample,  the  sulfite  concentration  will  be  limited  to  approxi¬ 
mately  0.009  molar  (0.0356  gram  of  potassium  sulfite  per  25 
ml.)  in  order  to  titrate  1  mg.  or  less  of  selenium  with  0.01  N 
bromate  solution. 

Table  I.  Reagents  Consumed  in  Titrations  of  a  Sulfite- 
Selenium  Solution 


Titration 

0.1008  N  KBrOa 

Initial 

Ij  Back- 

0.1080  N  Nas- 

No. 

Initial 

Total 

NajSaOj 

Titration 

S2O3  Consumed 

Ml. 

Ml. 

Ml. 

Ml. 

Ml. 

1 

46.6 

46.65 

24.60 

3.10 

21.83a 

2 

45.6 

46 . 65 

22.50 

0.79 

21.80 

3 

45.6 

46.64 

22.49 

0.82 

21.76 

4 

45.6 

46.65 

22.50 

0.79 

21.80 

5 

45.6 

46.66 

22.50 

0.79 

21.80 

6 

45.6 

46.64 

22.50 

0.78 

21.80 

7 

45.6 

46.65 

22.51 

0.80 

21.80 

8 

44.6 

46.69“ 

22.49 

0.76 

21.81 

9 

44.6 

46.65 

22.49 

0.81 

21.77 

Av. 

46.65 

21.79 

“  Omitted  from  averages. 


For  the  titration  of  the  residual  colloidal  selenium,  an 
electron  beam  sectrometer,  developed  by  Sullivan  and  Smith 
(1 6 ),  was  used  to  determine  the  end  point.  This  instrument 
allows  a  much  more  rapid  approach  to  the  end  point  and  elimi¬ 
nates  the  use  of  carbon  tetrachloride  and  iodine  monochloride 
for  this  purpose  as  recommended  by  Coleman  and  McCrosky 
(. 1 ).  Briefly,  the  instrument  consists  of  a  potentiometric 
titrimeter  in  which  a  cathode  ray  tube  (6E5)  of  the  type  used 
in  the  visual  tuning  of  radios  is  substituted  for  the  milliam- 
meter  commonly  used  in  such  circuits.  By  means  of  a  volt¬ 
age  amplification  of  100,  potential  jumps  of  100  to  200  milli¬ 
volts  cause  the  instantaneous  and  full  opening  or  closing  of 
the  cathode  ray  tube  shadow  (“sectrometer  shadow”).  The 
electrodes  used  in  conjunction  with  this  titrimeter  were  the 
self-polarizing  bimetallic  pair,  platinum  and  tungsten.  The 
chief  advantage  of  the  electron  beam  sectrometer  is  its  ex- 
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tremely  rapid  action,  which  allows  the  convenient  observance 
of  the  rate  and  progress  of  a  reaction  during  the  titration. 

Reagents 

Potassium  Bromate,  0.1  N.  Approximately  2.783  grams  of 
recrystallized  Baker’s  analyzed  potassium  bromate,  which  had 
been  dried  at  180°  C.  for  1  hour,  were  accurately  weighed  out  and 
made  up  to  1  liter  in  a  calibrated  flask  with  double-distilled  water. 

Sodium  Thiosulfate,  0. 1  N.  This  solution  was  made  up  with 
freshly  boiled  double-distilled  water  and  allowed  to  stand  2  weeks 
before  standardization  against  the  potassium  bromate  solution. 
The  normality  of  this  solution  was  also  checked  against  a  stand¬ 
ard  0.1  N  iodine  solution  which  had  in  turn  been  checked  against 
a  Bureau  of  Standards  sample  of  arsenious  oxide. 

Iodine,  0.1  N.  Ordinary  c.  p.  iodine  was  used  and  the  solu¬ 
tion  made  up  to  contain  40  grams  of  potassium  iodide  per  liter  of 
solution.  For  ordinary  use  of  this  solution  it  is  only  necessary 
to  know  its  titer  in  terms  of  milliliters  of  standard  thiosulfate  per 
milliliter  of  iodine. 

Hydrochloric  Acid,  6  N.  Baker’s  analyzed  hydrochloric 
acid  was  diluted  1  to  1  with  double-distilled  water. 

Starch  Solution.  Five  grams  of  General  Chemical  Co. 
soluble  starch  were  ground  into  a  paste  with  a  little  water  and  then 
added  to  a  liter  of  boiling  water. 

Potassium  Sulfite-Selenium  Solution.  Precipitated  red 
selenium  was  dissolved  in  1  molar  potassium  sulfite  and  diluted 
with  freshly  boiled  double-distilled  water  to  give  a  solution  ap¬ 
proximately  0.05  molar  in  potassium  sulfite  and  0.025  molar  in 
selenium.  For  the  gravimetric  analysis  of  this  solution,  sample 
portions  were  pipetted  out  and  oxidized  with  a  0.25  N  ,  otassium 
bromate  solution  by  essentially  the  procedure  employed  in  the 
volumetric  method.  The  selenium  was  determined  in  these  solu¬ 
tions  by  .the  method  of  Lenher  and  Kao  (4),  using  hydroxyl- 
amine  hydrochloride  as  the  precipitating  agent.  Sulfite  was  de¬ 
termined  by  precipitating  and  weighing  barium  sulfate  from  the 
oxidized  solutions.  A  separate  estimation  was  carried  out  on  the 
original  solution  to  correct  the  gravimetric  procedure  for  sulfite 
for  the  sulfate  invariably  present  in  sulfite  solutions. 

Procedure 

Twenty-five  milliliters  of  the  potassium  sulfite-selenium  solu¬ 
tion  were  pipetted  out  into  a  400-ml.  beaker  and  10  ml.  of  a  0.5 
per  cent  starch  solution  added.  The  beaker  and  contents  were 
then  placed  on  the  stand  of  the  sectrometer  titrating  apparatus 
and  all  but  approximately  1  ml.  of  standard  potassium  bromate 
solution,  as  determined  by  a  preliminary  titration,  run  in  from  the 
buret.  The  mechanical  stirrer  was  then  started  and  when  the 
solution  was  well  mixed  70  ml.  of  6  A  hydrochloric  acid  were  added 
all  s  t  once  with  continuous  stirring.  After  the  sectrometer 
shadow,  which  had  been  adjusted  in  the  preliminary  titration,  had 
closed  again,  more  standard  bromate  was  run  in  dropwise,  the 
rate  of  addition  being  regulated  so  that  the  sectrometer  shadow 
remained  in  the  nearly  closed  position  during  the  operation. 

The  end  point  of  the  titration  is  reached  when  the  sectrometer 
shadow  opens  fully  and  remains  open  for  at  least  a  minute.  It  is 
necessary  to  confirm  this  point,  since  at  the  end  point  the  reac¬ 
tion  between  the  colloidal  selenium  and  the  bromate  is  slow,  the 
sectrometer  shadow  opening  fully  on  the  addition  of  each  of  the 
last  few  drops  of  reagent,  and  then  closing  slowly  as  the  bromate 
is  consumed.  Near  the  end  point  of  the  titration  the  mechanical 
stirrer  is  slowed  down  as  far  as  possible  in  order  to  eliminate  the 
slight  effect  due  to  the  higher  potential  of  the  electrodes  when  the 
solution  is  rapidly  stirred.  The  total  volume  of  standard  potas¬ 
sium  bromate  consumed  is  recorded. 

The  selenious  acid  in  the  resulting  solution  is  then 
titrated  with  standard  thiosulfate  and  iodine  by  the  Norris  and 
Fay  method.  The  starch  solution,  added  before  acidification  of 
the  solution  in  order  to  stabilize  the  colloidal  selenium  formed, 
serves  as  the  indicator  in  this  titration. 

Results  and  Discussion 

The  volumes  of  reagents  used  in  a  series  of  titrations  of  one 
sample  of  a  potassium  sulfite-selenium  solution  are  given  in 
Table  I.  Runs  6  to  9,  inclusive,  differ  from  the  others  in  that 
the  final  amount  of  standard  bromate  up  to  0.1  ml.  of  the  end 
point  was  run  in  all  at  once  after  acidification  of  the  solution. 
This  was  done  in  order  to  determine  the  effect  of  a  temporary 
excess  of  free  bromine  in  the  solution  near  the  end  point 
where  the  reaction  of  the  colloidal  selenium  with  the  bromate 
is  perceptibly  slow.  Run  8,  which  shows  a  slightly  higher 
amount  of  total  bromate  consumed,  was  stirred  very  slowly 


and  some  free  bromine  escaped,  as  evidenced  by  the  odor  at 
the  surface  of  the  solution.  The  other  results  indicate  that 
with  proper  stirring  no  loss  of  free  bromine  will  normally  occur. 

A  large  number  of  other  runs  showed  that  the  final  amount 
of  bromate  required  was  independent  of  the  initial  amount 
added  before  acidification  of  the  solution  as  long  as  no  loss  of 
sulfur  dioxide  occurred,  but  it  was  difficult  to  keep  larger 
amounts  of  selenium  in  the  colloidal  condition  in  these  experi¬ 
ments.  This  indicated  the  probable  absence  of  a  reaction 
between  the  selenothiosulfate  ion  (SSeOs  )  and  the  bro¬ 
mate.  This  point  is  further  supported  by  the  fact  that  the 
first  portions  of  acid  added  produced  a  heavy  precipitate  of 
red  selenium  which  quickly  disappeared  when  the  rest  of  the 
acid  was  added,  leaving  only  the  small  amount  of  residual 
selenium  in  the  colloidal  condition. 

Table  II.  Comparison  of  Gravimetric  and  Volumetric 
Results  for  Selenium  and  Sulfite 
(Grams  per  25-ml.  sample  of  solution) 


Gravi¬ 

metric 

Volu¬ 

metric 

Difference 

Error 

Selenium 

0.04662 

0.04646 

0.00016 

% 

0.34 

Potassium  sulfite 

0.1855 

0.1858 

0.0003 

0.16 

The  precision  of  the  method  is  well  within  the  experimental 
error  arising  from  the  reading  of  the  burets  and  the  concen¬ 
trations  of  the  reagents  used.  Its  accuracy  is  shown  by  com¬ 
parison  of  the  volumetric  and  gravimetric  results  in  Table  II. 
Considering  the  numerous  difficulties  and  possibilities  of  er¬ 
rors  in  the  gravimetric  procedures  which  had  to  be  employed, 
especially  in  estimating  sulfates  in  the  original  solutions,  the 
volumetric  procedure  is  much  to  be  preferred,  in  respect  to 
both  accuracy  and  ease  of  application. 

A  protective  agent  is  necessary  for  the  colloidal  selenium 
formed  in  the  procedure,  owing  to  the  high  concentration  of 
acid  employed.  If  flocculation  of  the  selenium  occurs,  it  is 
practically  impossible  to  secure  an  end  point  in  the  titration 
indicating  a  complete  oxidation  of  the  selenium.  Dilute  solu¬ 
tions  of  gum  arabic  are  very  effective  as  a  protective  agent, 
but  a  starch  solution  gives  equally  satisfactory  results  under  the 
conditions  employed  and  has  the  added  advantage  of  serving 
as  the  indicator  in  the  subsequent  titration  of  the  selenious  acid. 

The  speed  of  the  reaction  between  colloidal  selenium  and 
bromate  is  increased  with  an  increasing  concentration  of  acid 
but  too  high  concentrations  of  acid  are  to  be  avoided  because 
of  possible  interference  with  the  subsequent  titration  of  the 
selenious  acid  from  the  decomposition  of  the  excess  thiosul¬ 
fate  employed.  It  was  found  that  the  solution  should  be  at 
least  2  to  2.5  N  in  hydrochloric  acid  at  the  end  of  the  bromate 
titration  in  order  to  effect  complete  oxidation  of  the  colloidal 
selenium.  Iodine  monochloride  will  catalyze  the  reaction 
between  colloidal  selenium  and  bromate  to  a  considerable  ex¬ 
tent,  but  interferes  with  the  subsequent  determination  of 
selenious  acid. 

The  dye  Bordeaux  red,  which  is  a  nonreversible  indicator 
for  free  bromine,  can  be  employed  with  excellent  results  to 
determine  the  end  point  in  the  bromate  titration.  However, 
the  use  of  the  electron  beam  sectrometer  is  much  more  con¬ 
venient  and  rapid  because  the  irreversible  nature  of  this  indi¬ 
cator  makes  it  necessary  to  add  it  continuously  during  the  ti¬ 
tration,  giving  rise  to  a  small  indicator  error. 

No  study  of  the  effect  of  other  substances  on  the  procedure 
was  made  except  to  note  the  interference  of  iodine  monochlo¬ 
ride  on  the  Norris  and  Fay  titration.  For  the  determination 
of  sulfite  alone  with  selenium,  it  is  necessary  that  other  sub¬ 
stances,  which  are  also  oxidized  by  potassium  bromate  in 
acid  solution,  be  absent. 

The  principle  of  the  method  developed  suggests  other  pro¬ 
cedures  for  the  determination  of  selenium  in  the  presence  of 
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other  anions  which  can  be  oxidized  by  bromate  in  acid  solu¬ 
tion.  However,  the  selenium  must  be  in  the  colloidal  condi¬ 
tion,  or  be  oxidized  directly  to  selenious  acid,  in  order  that  the 
Norris  and  Fay  method  for  selenious  acid  may  be  subsequently 
applied. 

Summary 

A  rapid  and  precise  volumetric  method  for  the  determina¬ 
tion  of  sulfite  and  selenium  simultaneously  in  the  same  sample 
of  solution  has  been  developed.  The  results  of  the  method 
agree  within  4  parts  per  1000  for  selenium  and  2  parts  per  1000 
for  sulfite  with  the  best  gravimetric  results  obtained.  The 


principle  of  the  method  suggests  other  procedures  for  the 
application  of  the  bromate  titration  of  colloidal  selenium. 
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Analysis  of  Naphthenic  Acids 

J.  R.  M.  KLOTZ  AND  EDWIN  R.  LITTMANN,  Stanco  Incorporated,  Elizabeth,  N.  J. 


DURING  the  course  of  an  investigation  on  naphthenic 
acids  it  became  necessary  to  analyze  several  acids  for 
total  acid  content  and  unsaponifiable  matter.  The  customary 
procedure  of  extracting  the  unsaponifiable  material  with 
ethyl  or  petroleum  ether  from  a  strongly  alkaline  solution  of 
sodium  naphthenate  possesses  several  disadvantages.  The 
unsaponifiable  matter  recovered  from  acids  which  were  ex¬ 
tracted  from  crude  oil  or  gas  oil  may  be  too  low-boiling  to  as¬ 
sure  an  accurate  weight  after  evaporation  of  the  solvent. 
Any  phenols  occurring  in  the  acid  would  be  retained  by  the 
alkaline  solution  and  be  included  in  the  figure  for  total  acid 
content.  Finally,  the  customary  unsaponifiable  matter  de¬ 
termination  gives  no  information  on  the  actual  acids  present 
in  the  sample  under  examination.  The  present  analytical 
procedure  eliminates  these  difficulties. 

When  a  sample  of  naphthenic  acid  is  exactly  neutralized  to 
phenolphthalein  with  0.5  N  sodium  hydroxide,  any  phenols 
and  nonacidic  materials  should  be  removed  by  shaking  out  the 
solution  with  petroleum  ether.  The  purified  naphthenic  acids 
are  then  recovered  from  the  aqueous  solution  by  acidification, 
weighed,  and  titrated.  In  the  absence  of  mechanical  losses 
the  original  and  final  titrations  should  be  the  same  and  the 
weight  of  acid  recovered  would  represent  the  actual  acid  pres¬ 
ent  in  the  original  sample.  Since  mechanical  losses  are  in¬ 
evitable  the  weight  of  acid  obtained  must  be  corrected.  If 
the  product  finally  weighed  has  been  freed  from  nonacidic 
material,  the  mechanical  losses  are  proportional  to  the  differ¬ 
ence  between  the  original  and  final  titrations  and  the  total 
acid  content  is  given  by  the  following  equation : 


Procedure 

Titrate  a  2-  to  3-gram  sample  of  naphthenic  acid,  weighed  to 
the  closest  milligram  and  dissolved  in  25  cc.  of  alcohol,  with  0.5  N 
sodium  hydroxide,  using  phenolphthalein  as  indicator.  Dilute 
with  25  cc.  of  water,  transfer  to  a  250-cc.  separatory  funnel,  and 
shake  out  with  two  15-cc.  portions  of  petroleum  ether.  Return 
the  aqueous  layer  to  the  separatory  funnel  (previously  cleaned 
with  alcohol),  acidify  with  15  cc.  of  10  per  cent  sulfuric. acid,  and 
again  shake  out  with  25  cc.  of  petroleum  ether.  Discard  the 
lower  aqueous  layer  and  filter  the  petroleum  ether  layer  through  a 
dry  paper  into  a  tared,  glass-stoppered,  250-cc.  Erlenmeyer  flask. 
Rinse  the  separatory  funnel  with  10  cc.  of  petroleum  ether  which 
is  also  used  to  wash  the  filter  paper.  Evaporate  the  combined 
petroleum  ether  solutions  on  the  steam  bath  and  finally  to  con¬ 
stant  weight  on  a  sand  bath  in  which  the  sand  is  maintained  at 
110°  to  115°  C.  After  2  hours’  heating  weigh  the  flask,  reheat 
for  30  minutes,  and  again  weigh.  Continue  the  heating  until  the 
consecutive  readings  check  within  1  mg.  If  after  3.5  hours  con¬ 
stant  weight  has  not  been  obtained,  use  the  weight  taken  at  that 
time,  since  experience  has  shown  all  the  petroleum  ether  will  have 
been  removed. 

After  the  final  weighing  dissolve  the  acid  in  25  cc.  of  alcohol  and 
again  titrate  with  sodium  hydroxide  of  the  same  normality  as 
previously  used. 


Table  I.  Analyses  of  Commercial  Naphthenic  Acids 

Acid  No.  of 


Acid 

Acid  No. 

Residual  Acid 

Total  Acid 
% 

Unsaponii 

% 

Aruba 

205 

238 

86.5 

13.5 

Romanian 

280 

295 

94.7 

5.3 

Calif.  160 

157 

212 

74.5 

25.5 

Calif.  250 

255 

280 

91.1 

8.9 

Mexican 

285 

302 

94.1 

5.9 

Austrian 

248 

277 

89.3 

12.7 

B.  R.  R. 

227 

246 

92.1 

7.9 

Per  cent  of  acid  (regenerated)  X  original  titration 
final  titration 


per  cent  of  total  acids 


From  the  weight  of  regenerated  acid  and  the  final  titration 
the  acid  number  of  the  regenerated  acid  may  be  obtained. 
The  fact  that  the  acid  numbers  of  the  regenerated  acids  in 
any  particular  sample  check  each  other  closely,  despite  dif¬ 
ferences  in  the  percentage  of  such  acids  actually  recovered, 
makes  it  probable  that  such  acid  numbers  are  characteristic 
of  the  acids  present  in  the  original  sample.  The  analysis  of 
a  check  sample  prepared  by  diluting  a  sample  of  naphthenic 
acid  with  Nujol  showed  an  agreement  within  0.55  per  cent  be¬ 
tween  the  calculated  and  actual  acid  content  and  0.5  unit  be¬ 
tween  the  acid  numbers  of  the  recovered  acids  from  the  original 
and  diluted  sample. 

The  analyses  of  several  commercially  available  naphthenic 
acids  by  the  above  procedure  are  given  in  Table  I.  The  un¬ 
saponifiable  matter  was  obtained  by  difference. 


In  order  to  determine  the  accuracy  of  the  analytical  method 
it  was  checked  against  a  sample  of  naphthenic  acid  which  con¬ 
tained  96.0  per  cent  of  total  acid,  and  which  had  been  diluted 
with  Nujol  to  give  a  theoretical  total  acid  content  of  84.6  per 
cent  and  an  acid  number  of  206.  The  results  of  the  check 
analyses  are  given  in  Table  II. 


Table  II.  Analysis  of  Check  Sample 


Sample,  grams 

2.569 

3.905 

2.809 

2.816 

NaOH  (0.590),  initial,  cc. 

16.6 

25.5 

18.2 

18.3 

Acid  No. 

206 

207 

207 

208 

Regenerated  acid,  grams 

1.988 

3.184 

2.325 

2.269 

Regenerated  acid,  % 

77.4 

81.5 

82.7 

80.6 

NaOH  (0.590),  final,  cc. 

15.1 

24.4 

17.7 

17.3 

Total  acid,  % 

85.0 

85.3 

85.0 

85.3 

Acid  No.  of  regenerated  acid 

243 

245 

244 

244 

On  the  basis  of  these  analyses  the  difference  between  the 
calculated  and  actual  analysis  for  total  acid  is  0.55  per  cent 
and  between  the  calculated  and  actual  acid  number  is  1.0. 
The  acid  number  of  the  regenerated  acid  in  the  undiluted 
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Table  III.  Analyses  of  Commercial  Naphthenic  Acids 


Acid 


Aruba 


Romanian 


Calif.  160 


Calif.  250 


Mexican 


Austrian 


B.  R.  R. 


Flask  and  sample, 
grams 

Flask,  grams 
Sample,  grams 
NaOH  (0.590),  cc. 
NaOH  (0.562),  cc. 
Acid  No. 

Flask  and  residual 
acid,  grams 
Flask,  grams 
Residual  aoid, 
grams 

NaOH  (0.590),  cc. 
NaOH  (0.562),  co. 
Residual  acid,  % 
Total  acid,  % 

Acid  No.  of  residual 
acid 


68. 

472 

43. 

058 

68. 

695 

43. 

137 

54. 

922 

32. 

152 

53. 

331 

43. 

351 

55. 

290 

32. 

350 

68. 

654 

43. 

329 

77. 

911 

88. 

083 

65. 

797 

40. 

433 

65. 

796 

40. 

432 

52. 

248 

29. 

305 

50. 

442 

40. 

398 

52. 

248 

29. 

305 

65 . 

796 

40. 

432 

73. 

004 

83. 

409 

2. 

675 

2. 

625 

2. 

899 

2. 

705 

2. 

674 

2 

847 

2. 

889 

2. 

953 

3. 

042 

3. 

045 

2. 

858 

2. 

897 

4. 

907 

4. 

674 

17. 

2 

16. 

9 

27. 

0 

27. 

1 

35. 

0 

33. 

2 

25] 

7 

24' 

i 

13^ 

4 

14 ' 

2 

23. 

’i 

23] 

9 

22! 

4 

22] 

9 

205' 

206' 

280 

281 

158 

157 

255 

255 

285' 

285' 

247 

249 

228' 

227' 

68 

.009 

63 

.623 

68 

.202 

42 

.416 

53 

.907 

30 

.985 

52 

.668 

42 

.670 

54 

.770 

31 

.791 

67 

.471 

42 

.433 

77 

.304 

87. 

.554 

65 

.797 

61 

.445 

65 

.796 

40 

.432 

52 

.248 

29 

.305 

50 

.442 

40 

.398 

52 

.248 

29 

.305 

65 

.796 

40 

.432 

73 

.004 

83. 

.409 

2 

.212 

2 

.178 

2 

.406 

1 

.984 

1 

.659 

1 

.680 

2 

.226 

2 

.272 

2 

.522 

2 

.486 

1 

.675 

2 

.001 

4 

.300 

4, 

.145 

16 

.5 

16 

.2 

23 

.8 

23 

.5 

33 

.2 

32 

.0 

22 

6 

18 

!  6 

ii 

.15 

1L 

25 

19 

.8 

20 

.2 

14 

.8 

17 

.7 

82 

[9 

83 

'.2 

83 

.0 

73 

.4 

62 

.0 

59 

.0 

77 

.0 

77 

.0 

82 

'9 

si 

:6 

58 

.7 

69 

.1 

87 

.6 

88 

!  6 

86 

.3 

86 

.8 

94 

.4 

95 

.0 

74 

.6 

74 

.4 

91 

.0 

91 

.0 

94 

.  1 

94 

.  1 

89 

.2 

89 

.4 

92 

.3 

92 

.0 

238 

238 

296 

295 

212 

211 

280 

280 

302 

303 

277 

278 

245 

247 

sample  was  243.5  (average),  while  that  of  the  check  sample  was 
244  (average).  The  method  therefore  appears  sufficiently  ac¬ 
curate  for  technical  work. 

The  details  of  the  analyses  on  the  several  samples  of  com¬ 
mercial  naphthenic  acids  are  given  in  Table  III. 

Discussion 

The  choice  of  weighing  procedure  given  above  depends 
mainly  upon  the  naphthenic  acid  being  investigated.  Since 
commercial  naphthenic  acids  are  complex  mixtures,  some 
samples  will  contain  acids  which  are  appreciably  volatile  at 


the  evaporation  temperature  required  to  remove  the  petro¬ 
leum  ether  and  will  be  lost  during  and  after  the  evaporation  of 
the  solvent.  However,  if  the  unsaponifiable  matter  has  been 
completely  extracted  from  the  sample  and  only  acid  is  lost 
during  the  evaporation  procedure  this  loss  may  be  quantita¬ 
tively  corrected  for  by  the  final  titration.  The  quantitative 
removal  of  petroleum  ether  under  the  conditions  used  is  indi¬ 
cated  by  the  concordance  of  the  acid  numbers  of  the  residual 
regenerated  acids. 

Presented  before  the  Division  of  Paint  and  Varnish  Chemistry  at  the 
98th  Meeting  of  the  American  Chemical  Society,  Boston,  Mass. 


Continuous  Laboratory  Method  for  Bodying 

Oiticica  Oil 

"VINCENT  MARCHESE,  Columbia  University,  New  York,  N.  Y.,  JOSEPH  MATTIELLO,  Hilo  Varnish  Corp.,  Brooklyn, 

N.  Y.,  AND  LINCOLN  T.  WORK,  Columbia  University,  New  York,  N.  Y. 


Oiticica  oil  was  heat-bodied  by  a  continuous 
method  to  viscosities  from  3.8  to  22.7  poises  em¬ 
ploying  temperatures  of  540°  F.  (282°  C.),  590 0  F. 
(310  0  C.),  and  662°  F.  (350  °  C.),  and  properties  of  this 
bodied  oil  were  measured. 

The  apparatus  consisted  of  a  Monel  metal  heat¬ 
ing  coil  in  a  lead-antimony  bath  with  thermo¬ 
couple  indication  of  the  metal  bath  temperature 
and  the  outlet  temperature.  The  oil  was  given  a 
single  pass  through  the  coil,  the  velocity  being 
controlled  by  a  recirculating  by-pass  at  the  pump; 
and  it  was  quickly  cooled  after  it  had  completed 
passage  through  the  heating  coil.  Viscosities 
were  high  for  low  rates  of  flow  and  became  sub¬ 
stantially  constant  for  each  bodying  temperature 
at  the  higher  flow  rates.  Acid  number  increased 

SINCE  oiticica  oil  was  first  introduced  to  the  protective 
coating  industry  in  this  country,  its  distinctive  prop¬ 
erties  have  been  studied  in  comparison  with  other  oils  used 
in  the  paint  and  varnish  industry  (1-4,  6).  Sorenson,  Schu¬ 
mann,  Schumann,  and  Mattiello  (7)  briefly  summarized  its 
properties  in  the  introduction  to  their  paper  and  showed  its 
kettle-bodying  characteristics  both  in  air  and  in  an  atmos¬ 
phere  of  carbon  dioxide.  In  this  investigation  it  was  found 
desirable  to  develop  a  continuous  method  of  bodying  for 
laboratory  testing,  and  to  body  samples  at  several  tempera¬ 
tures,  the  resulting  oil  to  be  subjected  to  tests  of  physical 
characteristics,  gelation  time,  and  livering  characteristics. 


slightly  with  the  increasing  viscosity  but  was 
generally  around  5.5  to  7.  Iodine  number  de¬ 
creased  with  increasing  viscosity  from  a  value  of 
170  to  as  low  as  140.  A  curve  of  gelation  time  vs. 
viscosity  bears  some  relation  to  Sorenson,  Schu¬ 
mann,  Schumann,  and  Mattiello’s  curve  of  gela¬ 
tion  time  vs.  temperature.  Pastes  made  with  zinc 
oxide  and  bodied  oiticica  oil  were  subjected  to  the 
accelerated  livering  test  and  flow  characteristics 
were  defined.  All  samples  were  in  the  nonlivering 
area  and  showed  generally  good  to  excellent  flow. 

The  acid  number— viscosity  plot  to  differentiate 
livering  areas  from  nonlivering  areas  is  presented 
with  data  on  a  number  of  bodied  oils  to  indicate  its 
potential  value  as  a  criterion  of  livering  tendencies 
for  oils  bodied  under  normal  procedures. 

Apparatus 

A  diagram  of  the  apparatus  is  presented  in  Figure  1.  It  con¬ 
sisted  of  a  container,  B,  which  served  as  a  reservoir  for  the  oil,  a 
pump,  A,  to  circulate  the  oil,  valves  D  and  C  to  regulate  the 
amount  of  oil  flowing  through  the  coiled  tube,  E,  an  electric 
furnace,  F,  containing  a  lead-antimony  bath  in  which  the  coil 
was  immersed,  and  a  container,  I,  cooled  by  water  to  receive 
the  bodied  oil.  The  heating  coil  was  of  Monel  metal  0.3  cm. 
(0.125  inch)  in  inside  diameter  and  4  meters  (12  feet)  long. 
Two  thermocouples,  G  and  H,  were  used  to  measure  the  tem¬ 
perature,  the  former  being  in  the  metal  bath  to  measure  the 
temperature  of  the  coil,  and  the  latter  being  at  the  outlet  to  en¬ 
sure  that  the  temperature  had  been  obtained.  Both  thermo¬ 
couples  read  the  same  temperature  while  runs  were  in  progress. 
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Preparation  of  Samples 

With  the  oil  circulating  completely  through  the  by-pass  valve, 
C,  the  lead-antimony  bath  was  brought  to  the  required  bodying 
temperature.  When  this  was  accomplished  valve  D  was  opened 
and  valve  C  adjusted  to  allow  the  oil  to  flow  through  the  Monel 
tube  at  constant  rate.  Approximately  100  grams  of  oil  were 
collected  in  the  aluminum  cup,  I,  and  the  time  of  flow  was  re¬ 
corded  along  with  the  bath  and  tube  temperature  by  means  of 
thermocouples  G  and  H.  Maintaining  the  bath  temperature 
at  the  same  point  by  means  of  the  electric  furnace,  the  rate  of 
flow  of  oil  through  the  Monel  tube  was  decreased  and  another 
sample  of  approximately  100  grams  was  taken.  This  process 
was  repeated,  decreasing  the  rate  of  flow  for  each  sample,  until  a 
sufficient  number  of  samples  were  obtained,  or  until  the  rate 
became  so  slow  that  it  was  difficult  to  obtain  flow.  The  oil  had  a 
tendency  to  gel  in  the  tube,  especially  for  bodying  temperatures 
at  and  below  590°  F. 


Six  samples  were  taken  at  a  bodying  temperature  of 
540°  F.  (282°  C.),  four  samples  at  590°  F.  (310°  C.),  and  four 
samples  at  662°  F.  (350°  C.).  Table  I  gives  the  data  for  the 
three  runs. 


Table  I.  Data  on  Runs 


Sample 

No. 

Time 

Weight 

of 

Oil 

Bath 

Temperature 

Tube 

Temperature 

Tem¬ 

perature 

of 

Ingoing 

Oil 

Sec. 

Grams 

o  p_ 

0  C. 

O  p_ 

0  C. 

°  c. 

1 

52.2 

131 

Run  No.  1 

540  282 

540 

282 

60 

2 

86.4 

134 

540 

282 

540 

282 

60 

3 

205.2 

139 

540 

282 

540 

282 

60 

4 

229.4 

158 

540 

282 

540 

282 

60 

5 

373.5 

157 

540 

282 

534 

279 

60 

6 

268.5 

133 

540 

282 

530 

277 

60 

7 

77.4 

90 

Run  No.  2 

590  310 

590 

310 

60 

8 

117.4 

90 

590 

310 

590 

310 

60 

9 

235.8 

93 

590 

310 

594 

312 

60 

10 

404 

68 

590 

310 

580 

304 

60 

11 

29. 1 

82 

Run  No.  3 

662  350 

660 

349 

60 

12 

224.4 

105 

662 

350 

662 

350 

60 

13 

319.2 

102 

662 

350 

662 

350 

60 

14 

486.8 

95 

662 

350 

662 

350 

60 

Results  of  Bodying  Tests 

Table  II  gives  the  rate,  time,  viscosity,  iodine  number, 
acid  number,  and  gelation  time  for  all  the  bodied  samples. 
Standard  test  methods  were  used  for  viscosity,  iodine  num¬ 


ber,  and  acid  number,  and  the  gelation  time 
was  measured  by  the  Browne  heat  test  at 
540°  F.  (282°  C.). 

The  results  expressed  in  Table  II  may  be  com¬ 
pared  in  terms  of  pairs  of  variables.  For  ex¬ 
ample,  the  oil  bodied  at  662°  F.  (350°  C.)  attains 
a  viscosity  of  6.7  poises  at  the  comparatively 
high  rate  of  flow  of  2.8  grams  per  second  and 
maintains  essentially  that  viscosity  until  the 
rate  is  decreased  below  0.5  gram  per  second, 
whence  it  rises  rapidly  to  a  viscosity  of  22.7 
poises  at  a  flow  rate  of  0.2  gram  per  second.  The 
oil  bodied  at  540°  F.  (282°  C.)  has  the  same 
form  for  its  curve  of  viscosity  against  rate  of 
flow,  but  at  all  times  is  appreciably  below 
the  curve  for  the  higher  temperature.  The 
curve  for  the  intermediate  temperature  falls 
between  these  two  curves.  A  better  basis  for 
comparison  is  a  plot  of  seconds  per  gram  against 
viscosity  and  that  is  shown  in  Figure  2.  The 
rapid  development  of  viscosity  for  a  given 
time  of  exposure  at  the  high  temperature  is  clearly  distin¬ 
guished  from  the  slower  development  at  the  lower  temperature. 

The  essentially  constant  value  for  acid  number  over  the 
whole  range  of  viscosities  is  especially  pointed  out.  At  low- 
viscosity  the  curves  begin  with  an  acid  number  of  5.6,  and 
acidity  is  developed  less  readily  at  the  high  temperature  than 
at  the  low  temperature.  Other  comparisons  can  be  made- 
from  the  data,  but  these  are  the  more  outstanding. 


Table  II.  Results  of  Bodying  Tests 


Sample 

Heating 

Iodine 

Acid 

Gelation 

No. 

Rate 

Time 

Viscosity  No. 

No. 

Time 

G./sec. 

Sec. 

Poises 

Min. 

Run  No.  1,  540°  F. 

(282°  C.) 

0 

Raw  oil 

3.85 

170 

5.6 

20.5 

1 

2.53 

9 !  02 

4.86 

157 

5.6 

20.7 

2 

1.55 

14.8 

5.30 

161 

5.6 

19.2 

3 

0.678 

33.8 

5.01 

156 

5.7 

'  19.8 

4 

0.688 

33.3 

4.90 

153 

5.8 

20.3 

5 

0.420 

54.5 

5.30 

160 

5.8 

20.2 

6 

0.0496 

462 

13.50 

147 

5.9 

18.7 

Run  No.  2, 

590°  F. 

(310°  C.) 

7 

1.16 

19.7 

6.11 

153 

5.7 

19.5 

8 

0.766 

29.9 

5.50 

164 

5.9 

19.4 

9 

0.395 

58.0 

5.81 

160 

5.9 

19.9 

10 

0.168 

136 

6.98 

152 

6.3 

18.8 

Run  No.  3 

,  662°  F. 

(350°  C.) 

11 

2.83 

8.09 

6.70 

155 

5.8 

19.9 

12 

0.468 

48.9 

7.98 

155 

6.2 

22.9 

13 

0.320 

71.6 

11.8 

151 

6.5 

24.2 

14 

0.195 

117 

22.7 

140 

7.0 

29.7 

The  viscosity  in  poises  plotted  against  gelation  time  in 
minutes  for  the  several  samples  of  the  three  oils  is  shown 
in  Figure  3.  Sorenson,  Schumann,  Schumann,  and  Mattiello 
(7)  have  shown  the  plot  of  temperature  against  gelation  time 
and  find  that  gelation  time  decreases  as  temperature  rises  from 
400°  to  540°  F.,  but  increases  markedly  from  there  to  600°  F. 
The  results  shown  in  Figure  3  represent  another  cross  section 
of  the  same  phenomenon. 

Flow  Characteristics  Made  by  Incorporating 
Zinc  Oxide  into  Bodied  Oil 

Zinc  oxide  pastes  were  made  by  using  52.8  grams  of  pigment 
and  20  grams  of  oiticica  oil.  The  pigment  was  incorporated  into 
the  bodied  oils  by  grinding  on  a  three-roller  laboratory  mill  with 
constant  setting  of  the  rolls.  The  pastes  were  passed  through 
the  mill  three  times  and  consistency  was  observed  as  the  pig¬ 
ment-oil  mixture  flowed  on  the  skirt  of  the  mill.  All  pastes,  after 
being  ground,  were  divided  into  two  parts  and  placed  in  a  separate 
capsule  box.  One  box  was  kept  at  room  temperature  and  the 
other  was  kept  in  an  oven  at  180°  F.  for  examination  at  definite 
intervals.  The  pastes  were  heated  to  180°  F.  to  accelerate 
livering  in  accordance  with  the  procedures  of  Mattiello  and 
Work  (5) . 


FEBRUARY  15,  1940 


ANALYTICAL  EDITION 


79 


The  Binney-Sraith  flowmeter 
,vas  used  to  define  most  of  the 
low  characteristics.  The  in¬ 
strument  consists  of  eight  semi- 
lircular  metal  tubes  which  are 
soldered  together  so  as  to  form 
i  metallic  table  (35  X  20.2  cm., 
14  X  8.81  inches)  having  eight 
parallel  grooves  and  graduated 
n  tenths  of  inches  from  0  to  14 
nches.  At  the  starting  point  a 
metal  strip  is  attached  along  the 
jight  outside  surfaces  of  the  in¬ 
strument  so  as  to  enable  the 
operator  to  scrape  from  the 
knife  the  material  being  tested. 
In  order  to  control  the  angle  of 
the  instrument,  an  adjustment 
screw  is  used  on  a  scale  which  is 
calibrated  in  degrees. 

Through  the  use  of  the 
Binney-Smith  flowmeter,  the 
flow  characteristics  may  be  de¬ 
fined  as  follows : 


VEF,  very  excellent  flow 
EF,  excellent  flow 
VGF,  very  good  flow 
GF,  good  flow 
FF,  fair  flow 
PF,  poor  flow 


Table  III.  Flow  Characteristics  of  Zinc  Oxide  Pastes 


Character  of 

Qualitative  and  Flowmeter  Ratings  of  Pastes  after  Heating  at  180° 

F.  for 

iraple 

Paste  When 

Hours  Indicated 

No. 

Viscosity 

Ground 

2  hours 

4  hours  8  hours 

12  hours 

24  hours 

Poises 

Inches 

Inches  Inches 

Inches 

Inches 

Oil  Bodied  at  540°  F.  (282°  C.) 

0 

3.85 

B 

GF 

3.45 

VEF  6:106  VEF  7:256 

VEF 

7:206 

VEF 

7:406 

1 

4.86 

PF,  B“ 

FF 

2.80 

VEF  8:306  VEF  7:506 

VEF 

7:306 

VEF 

8:456 

2 

5.30 

GF,  B 

FF 

2.72 

VEF  7:306  VEF  6:506 

VEF 

6:356 

VEF 

7:406 

3 

5.01 

VGF,  SB 

FF 

2.33 

VEF  8:056  VEF  11:056 

VEF 

8:456 

VEF 

8:106 

4 

4.90 

VGF,  SB 

FF 

2.05 

VEF  9:356  VEF  13:056 

VEF 

10:156 

VEF 

10:106 

5 

5.30 

VGF,  SB 

FF 

1.85 

VEF  12:456  VEF  11:456 

VEF 

15:506 

VEF 

12:236 

6 

13.50 

VGF,  SB 

FF 

2.05 

VEF  12.0  VEF  8.6 

EF 

7.4 

EF 

8.4 

Oil  Bodied  at  590°  F.  (310°  C.) 

7 

6.11 

VGF,  SB 

FF 

2.22 

VEF  11:506  VEF  13:406 

VEF 

8:056 

VEF 

8:306 

8 

5.50 

VGF,  SB 

GF 

3.36 

VEF  15:106  VEF  10:406 

VEF 

14:306 

VEF 

13:406 

9 

5.81 

VGF,  SB 

FF 

2.45 

EF  7.7  VEF  11.7 

VEF 

9.4 

VEF 

11.1 

10 

6.98 

VGF,  SB 

FF 

2.53 

VGF  6.2  EF  8.1 

VEF 

8.5 

VEF 

9.6 

Oil  Bodied  at  662°  F.  (350°  C.) 

11 

6.70 

VGF,  SB 

GF 

3.95 

VEF  10.3  VEF  13.9 

VEF 

11.8 

VEF 

10.3 

12 

7.98 

VGF,  SB 

FF 

2.25 

EF  7.0  VGF  6.0 

GF 

3.75 

FF 

2.7 

13 

11.8 

VGF,  SB 

FF 

1.45 

EF  7.2  GF  4.3 

FF 

2.6 

GF 

3.4 

14 

22.7 

VGF,  SB 

FF 

1.10 

VGF  6.9  GF  5.2 

FF 

1.6 

GF 

4. 1 

1  Poor  flow  directly  from  mill; 

buttery  on  standing. 

6  Minutes  and  seconds  required  for  paste  to  flow  35  cm.  (14  inches). 


Inches  in  20  Minutes 

8. 5  or  more 

8. 5  to  7 
7  to  5.5 

5.5  to  3 
3  to  1 

1  to  0 


These  measurements  were  made  with  the  flowmeter  table 
tilted  at  an  angle  of  40°  and  at  a  temperature  of  60°  F.,  using 
a  paste  volume  of  2.4  cc. 

Additional  terms  used  for  classifying  flow  characteristics 
are:  B,  buttery;  SB,  slightly  buttery. 

The  flow  characteristics  of  the  zinc  oxide  pastes  made  from 
oils  bodied  at  different  temperatures  are  presented  in  tabular 
form  in  Table  III.  These  pastes  showed  no  tendency  to  liver 
after  heating  for  24  hours  at  180°  F. 

Mattiello  and  Work  (5)  have  shown  that  the  livering 
tendencies  of  kettle-bodied  linseed  oil  may  be  defined  as  being 
on  one  side  of  a  line  on  acid  number-viscosity  coordinates 
while  the  nonlivering  area  is  on  the  other  side  of  the  line — 
that  is,  in  the  region  of  the  lower  acid  number.  Within  ex¬ 
perimental  accuracy,  the  livering  line  when  peacock  blue  is 
used  is  identical  with  that  obtained  whenzinc  oxide  is  used. 

Supplemental  ex¬ 
periments  in  ex¬ 
traction  of  acid 
and  in  adding 
this  acid  to  other 
oil  further  con¬ 
firmed  the 
general  signifi¬ 
cance  of  the  liver¬ 
ing  line  as  a  func¬ 
tion  of  the  acid 
number  and  vis¬ 
cosity.  How¬ 
ever,  oil  bodied 
when  carbon  di¬ 
oxide  was  bub¬ 
bled  through  it 
did  not  conform 
to  the  line,  and 
furthermore, 
other  compounds 
than  those  enter¬ 
ing  the  acid  num¬ 
ber  may  have  an 
effect  on  livering. 
Figure  2  Nevertheless,  the 


Figure  3 

livering  line  established  for  linseed  oil  has  been  further  tested 
with  kettle-bodied  fish  oil  (S),  and  the  results  of  this  investiga¬ 
tion  on  continuous  bodying  of  oiticica  oil  are  incorporated  in 
Figure  4.  The  oiticica  oils  were  all  nonlivering  and  their 
acid  number-viscosity  points  fell  in  the  nonlivering  area 
shown  in  Figure  4. 

Conclusions 

The  continuous  method  of  bodying  has  distinct  advan¬ 
tages  over  the  batch  method  and  gives  similar  results. 

The  highest  viscosity  to  which  oiticica  oil  was  bodied,  in 
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the  cases 
reach  this 
minutes. 


/IS  C05/TY  —  PO/SES 

Figure  4.  Livering  Tendencies  of  Oil 

studied,  was  22.7  poises,  and  the  time  required  to 
viscosity  at  662°  F.  (350°  C.)  was  approximately  2 


Gelation  time  varies  with  viscosity  or  degree 
of  bodying  as  well  as  with  the  temperature  at 
which  the  oil  is  bodied. 

Critical  livering  curves  for  both  zinc  oxide 
and  peacock  blue  with  bodied  linseed  oils  were 
plotted,  and  these  curves  also  appear  to  hold 
for  bodied  oiticica  and  fish  oils. 
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Determination  of  Pyrethrin  I 

Linearity  of  Results  by  Mercury  Reduction  Method 

D.  A.  HOLADAY  and  J.  J.  T.  GRAHAM,  Food  and  Drug  Administration,  Washington,  D.  C. 


WILCOXON  (4-)  proposed  a  method  for  the  determina¬ 
tion  of  pyrethrin  I,  based  on  the  reduction  of  the  mer¬ 
curic  sulfate  in  Deniges  reagent  to  the  mercurous  condition, 
followed  by  precipitation  as  mercurous  chloride  and  titration 
with  potassium  iodate.  That  the  reduction  of  the  mercuric 
sulfate  is  nonlinear  was  implied  by  Wilcoxon  when  he  speci¬ 
fied  limits  of  50  to  70  mg.  of  pyrethrin  I,  between  which  his 
method  should  be  used.  Martin  (3)  pointed  out  that  differ¬ 
ent  sized  aliquots  of  the  same  solution  analyzed  by  Wil- 
coxon’s  procedure  gave  different  percentages  of  pyrethrin  I. 

Holaday  {2)  called  attention  to  errors  in  the  Wilcoxon 
method  due  to  the  presence  of  unsaturated  organic  com¬ 
pounds  that  titrate  with  the  iodate  solution  along  with  the 
mercurous  chloride.  He  proposed  a  modification  in  which 
these  unsaturated  compounds  were  removed  by  washing  with 
alcohol  or  acetone,  followed  by  chloroform,  and  this  modifica¬ 
tion  has  been  adopted  by  the  Association  of  Official  Agri¬ 
cultural  Chemists  as  a  tentative  method  (1).  The  present 
investigation  was  undertaken  to  determine  whether  this 
modification  was  subject  to  the  same  nonlinearity. 

Pyrethrum  extract,  obtained  by  extracting  the  powdered 
flowers  with  petroleum  ether  and  evaporating  off  the  solvent, 
was  used  for  the  work.  Twenty  grams  of  this  extract  were  dis¬ 
solved  in  petroleum  ether,  the  solution  was  filtered,  the  petroleum 
ether  was  evaporated,  and  the  residue  was  saponified  with  al¬ 
coholic  sodium  hydroxide.  The  alcohol  was  removed  by  boiling 
and  the  aqueous  solution  was  treated  with  barium  chloride  and 
filtered.  Excess  barium  was  precipitated  in  the  filtrate  with 
sulfuric  acid,  the  barium  sulfate  was  filtered  off,  and  the  clear 
filtrate  was  made  slightly  alkaline  and  diluted  to  1  liter.  From 
this  stock  solution  aliquots  were  taken  for  analysis.  Each 
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Table  I.  Relation  between  Volumes  of  Solution  and 
Pyrethrin  I  Content 


Pyrethrin  I 

Pyrethrin  I 
Calculated 
Using  100-Cc. 
Aliquot  as 

Difference 

Aliquot 

Determined 

Standard 

from  Standard 

Cc. 

Mg. 

Mg. 

Mg. 

5 

3.2“ 

2.9 

+0.3 

10 

5.9* 

5.7 

+0.2 

15 

7.91- 

8.6 

-0.7 

20 

10.3b 

11.4 

-1.1 

25 

13.9b 

14.3 

-0.4 

50 

28.2b 

28.5 

-0.3 

75 

43.1* 

42.8 

+0.3 

100 

57.0* 

57.0 

0.0 

125 

71.0b 

71.3 

-0.3 

150 

85.8b 

85.5 

+  0.3 

200 

114.2“ 

114.0 

+0.2 

“  Analysis  by  J.  J. 
b  Analysis  by  D. 

T.  Graham. 

A.  Holaday. 

aliquot  was  acidified  and  analyzed  by  the  Holaday  (2)  modi¬ 
fication  of  Wilcoxon’s  method,  except  that  alcohol  was  used  in¬ 
stead  of  acetone.  The  three  largest  aliquots  were  extracted  three 
times  with  petroleum  ether,  and  15  cc.  of  Deniges  reagent  were 
used  in  the  reduction.  The  results  are  given  in  Table  I. 

The  determined  pyrethrin  content  of  each  aliquot  plotted 
against  the  volume  of  the  aliquot  (Figure  1)  shows  that 


within  the  range  investigated  the  reduction  is  linear. 
The  linearity  of  results  obtained  by  this  modification 
shows  that  the  erroneous  values  obtained  using  the  original 
Wilcoxon  procedure  are  not  due  to  compounds  other  than 
chrysanthemum  monocarboxylic  acid  reacting  to  give  mer¬ 
curous  sulfate.  The  interferences  are  no  doubt  due  to  un¬ 
saturated  organic  compounds  which  absorb  iodine  during  the 
titration  with  potassium  iodate.  These  compounds  which 
are  precipitated  along  with  the  calomel  are  removed  from  the 
precipitate  by  washing  with  alcohol  or  acetone,  followed  by 
chloroform. 

The  linearity  of  the  results  obtained  indicates  that  the  re¬ 
duction  of  the  Deniges  reagent  is  a  clear-cut  reaction  which 
is  not  affected  by  the  quantity  of  chrysanthemum  monocar¬ 
boxylic  acid  within  the  limits  of  the  experiment. 
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Analysis  of  Rubber  for  Certain  Diarylamine 
and  Ketone-Diarylamine  Antioxidants 

L.  H.  HOWLAND  AND  E.  J.  HART,  United  States  Rubber  Company,  Passaic,  N.  J. 


The  technique  of  semiquantitative  anti¬ 
oxidant  analysis  which  employs  a  tur¬ 
pentine  oxidation  method  is  described  and 
the  results  of  characteristic  analyses  are 
given.  The  antioxidant  effect  of  BLE  (a 
ketone-diarylamine  reaction  product)  in 
purified  turpentine  as  measured  by  the 
induction  period  is  proportional  to  the 
BLE  concentration  whether  added  to  the 
turpentine  directly  or  as  one  of  the  com¬ 
ponents  of  an  acetone  extract  of  a  rubber 
mixture.  Certain  qualitative  tests  are  also 
given  for  the  detection  of  antioxidants  in 
a  tire  tread  vulcanizate. 

THE  purpose  of  this  paper  is  to  present  methods  for  the 
detection  and  semiquantitative  determination  of  certain 
types  of  antioxidants  and  anticracking  agents  in  rubber 
articles.  The  specific  compounds  reported  on  are  a  ketone- 
diarylamine  reaction  product  (BLE),  a  ketone-diarylamine 
modification  (BXA),  N^V'-diphenyl-p-phenylene  diamine 
(DPPDA),  and  dimethylacridan  (hereafter  referred  to  as 
DMA),  but  the  semiquantitative  method  developed  may  be 
used  for  the  determination  of  other  antioxidants. 

During  the  past  few  years  a  number  of  methods  have  been 
published  by  Endoh  (2-5)  and  Shimada  (6)  on  the  qualitative 
detection  of  antioxidants  by  color  tests.  These  authors  have 
described  a  number  of  color  reactions  characteristic  of  com¬ 
mercial  antioxidants.  These  are  very  useful  if  the  chemical 
can  be  isolated  from  the  rubber  and  then  tested. 

Craig  ( 1 )  has  described  a  semiquantitative  method  for  the 
isolation  and  determination  of  diarylamine  antioxidants  by 


steam  distillation  from  thinly  sheeted  rubber  compounds. 
In  this  method,  30  to  40  grams  of  the  unvulcanized  or  vul¬ 
canized  rubber  stock  are  treated  with  steam  at  170°  to  180°  C. 
for  2.5  to  3  hours  and  the  amine  antioxidants  isolated  from  the 
distillate.  The  recovery  of  amine  was  above  90  per  cent  for 
pure  gum  compounds,  and  as  low  as  16  per  cent  for  tread 
compounds  containing  0.5  part  of  Ar,A'-diphenyl-p-phenyl- 
enediamine. 

The  semiquantitative  method  given  below  for  the  analysis 
of  BLE,  BXA,  DPPDA,  and  DMA  follows,  in  principle, 
the  one  described  by  Stern  and  Puffett  (7)  who  measured  the 
increase  in  weight  and  also  the  volume  of  oxygen  absorbed 
by  linseed  oil  containing  rubber  antioxidants  as  a  function  of 
time.  In  these  experiments  Neozone  appeared  to  give  in¬ 
duction  periods  proportional  to  its  concentration  in  the  lin¬ 
seed  oil. 

When  making  semiquantitative  antioxidant  analyses  by 
the  procedure  described  in  this  paper,  it  is  sometimes  necessary 
to  determine  qualitatively  what  antioxidants  are  present  in  the 
rubber.  A  qualitative  method  that  functions  satisfactorily 
for  the  antioxidants  under  discussion  is  a  color  test  based  on 
an  oxidation  procedure. 

For  the  detection  of  the  antioxidant  present  in  a  rubber 
stock,  about  1  gram  of  the  stock  is  cut  into  2-mm.  cubes  and 
gently  refluxed  with  2  cc.  of  concentrated  acetic  acid  for  2 
minutes.  After  cooling,  the  acetic  acid  solution  is  decanted, 

1  drop  of  concentrated  sulfuric  acid  is  added,  and  after  mixing 

2  drops  of  30  per  cent  hydrogen  peroxide  are  added.  The 
colors  developed  are  given  in  Table  I. 

Experiments  have  shown  that  the  oxidation  of  certain 
unsaturated  compounds,  such  as  rubber  and  turpentine,  is 
autocatalytic  in  nature  and  very  susceptible  to  the  action 
of  certain  added  inhibiting  ingredients.  In  general,  anti¬ 
oxidants  for  rubber  are  also  antioxidants  for  turpentine,  and 
on  this  fact  is  based  a  method  for  their  semiquantitative  de- 
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From  time  to  time  considerable  difficulty  has 
been  encountered  in  obtaining  turpentine  of 
sufficient  purity  for  use  in  antioxidant  analyses. 
In  these  cases  the  foregoing  treatment  must 
be  repeated  once  or  twice  to  obtain  suitable 
turpentine.  As  a  test  of  turpentine  adequacy, 
it  should  give  an  induction  period  of  from  100 
to  150  minutes  per  10~6  gram  of  BLE  per  cc. 
of  turpentine  measured  at  80°  C.  This  induc¬ 
tion  period  has  been  taken  as  the  distance  on  the 
time  axis  between  the  parallel  parts  of  the  curves 
obtained  with  turpentine  alone  in  one  case  and 
turpentine  plus  the  antioxidant  in  the  other  case. 

Purified  DPPDA  and  DMA  and  standard 
commercial  grades  of  BLE  and  BXA  have  been 
used  for  analyses  in  this  paper.  These  chemi¬ 
cals  are  excellent  inhibitors  for  the  oxidation  of 
turpentine  and  readily  adapt  themselves  for 
quantitative  analyses  by  this  turpentine  method. 
Some  rubber  antioxidants  and  anticracking 
agents  may  not  be  quantitatively  determined 
by  this  method  because  of  inadequate  inhibitory 
action  in  turpentine. 

Apparatus 

The  apparatus  used  for  the  semiquantita- 
tive  determination  of  antioxidants  in  rubber  is 
shown  in  Figure  1. 

Constant-Temperature  Water  Bath.  All 
determinations  have  been  conducted  at  80.0  =*= 
0.1  °  C.  in  an  insulated  Monel  metal  box  61.0  X 
45.7  X  45.7  cm.  (24  X  18  X  18  inches).  Ap¬ 
proximately  2000  watts  are  required  to  maintain 
this  temperature,  1000  of  which  operate  on  a 
relay  actuated  by  a  mercury  thermoregulator. 
A  cover  is  provided  for  all  parts  of  the  bath 
not  in  use. 

Rocking  Mechanism.  Preliminary  experi¬ 
ments  demonstrated  that  measurements  of 
oxygen  absorption  in  unstirred  or  unshaken  cells 
were  dependent  on  the  surface  of  turpentine  ex¬ 
posed  to  the  oxygen,  while  if  the  absorption  cell 
was  shaken,  the  rate  of  oxygen  absorption  was 
determined  by  the  amount  of  turpentine  present 
and  not  by  the  surface  exposed  to  the  oxygen. 
Lengthwise  shaking  at  a  rate  of  2  cycles  per 
second  of  the  cells  through  a  90  °  angle  has  been 
found  sufficient  for  uniform  and  reproducible 
results. 

Oxygen  Absorption  Equipment.  The  details 
Figure  1.  Apparatus  for  Evaluation  of  Antioxidants  in  Rubber  Stocks  0f  one  unit  are  shown  drawn  to  approximate  scale 

in  Figure  1.  The  measurements  are  made  at  at¬ 
mospheric  pressure  and  the  equalization  of  the 
pressures  is”  facilitated  by  leveling  the  mercury  in  the  small 
manometer,  E.  The  system  is  made  of  Pyrex  except  for  the 
rubber  connections  to  E  and  the  absorption  cell,  A.  The  body 
of  the  cell  is  made  from  15-mm.  tubing  and  is  about  7.0  cm.  in 
length.  The  cell  is  completed  by  sealing  an  L-shaped  8-mm. 
tube  into  the  center  of  the  15-mm.  body. 

In  using  these  cells,  it  is  necessary  to  keep  sulfur  and  rubber 
particles  from  the  attached  rubber  tubes  from  faffing  into  the 
cells  during  the  course  of  the  experiment,  since  these  materials 
have  considerable  inhibiting  power  against  turpentine  oxidation 
when  present  in  sufficient  quantity.  The  cells  may  be  clamped 
directly  to  the  1.27-cm.  (0.5-inch)  rod  and  it  has  not  been  found 
necessary  to  protect  the  neck  of  the  cell  in  any  manner  when 
reasonable  care  is  taken.  These  cells  and  their  respective  ma¬ 
nometers  and  burets  may  be  set  up  in  batteries  of  eight  units, 
thus  making  possible  the  performance  of  seven  quantitative 
antioxidant  analyses  simultaneously.  (A  turpentine  blank  is 
necessary  for  each  series  of  analyses.) 

Preparation  of  Sample 

For  rubber  compounds  containing  from  a  quarter  to  two  parts 
of  BLE,  BXA,  DPPDA,  or  DMA  per  100  parts  of  rubber,  two 
thinly  sheeted  samples  of  1.00  gram  each  of  the  sample  under 
investigation  are  placed  in  separate  extractors.  One  is  extracted 
with  acetone  and  the  other  with  acetone  to  which  has  been  added 
one  half  the  amount  of  the  antioxidant  believed  to  be  initially 
present  in  the  1-gram  rubber  sample.  After  24  hours’  extraction 
in  Underwriters’  apparatus,  the  samples  are  diluted  with  acetone 
to  a  concentration  (based  on  the  assumptions  mentioned  above) 
of  25  X  10~6  gram  antioxidant  per  cc.  of  solution,  and  0.20  cc.  of 
this  solution  measured  from  a  calibrated  capillary  pipet  is  then 


Table  I.  Color  Tests  for  Detecting  Antioxidants  in  Tire 

Tread  Stocks 


Antioxidant 

1  Drop  H2SO4, 

1  Drop  H2SO4  +  2  Drops  30%  H2O2 

Present 

Immediately 

Immediately 

5  min. 

30  min. 

DPPDA 

Blue 

Blue  (flash) 

Orange-red 

Tan 

BLE 

Light  green 

Green  to  olive 

Light  green 

Oiive 

BXA 

Green  to 

Brown 

Red-brown 

yeUow-brown 

DMA 

.  .  .  . 

Green 

Green 

Green 

termination.  The  existence  of  certain  very  simple  relation¬ 
ships  between  the  amount  of  antioxidant  added  and  the  delay 
in  the  turpentine  oxidation  reaction  made  the  task  of  quan¬ 
titative  determination  simple  if  the  antioxidants  present  in 
the  rubber  were  known. 

Materials 

Turpentine,  the  medium  in  which  the  antioxidant  analyses  are 
carried  out,  must  be  essentially  free  from  peroxides  and  naturally 
occurring  antioxidants.  Commercial  turpentine  is  first  oxidized 
by  passing  purified  oxygen  through  it  at  50  °  C.  in  order  to  destroy 
any  antioxidants  that  may  be  present.  After  5  to  6  hours  of 
oxidation  2  grams  of  finely  divided  sodium  are  added  to  about 
1000  cc.  of  the  oxidized  turpentine  in  order  to  destroy  peroxides. 
The  turpentine  treated  in  this  manner  is  next  fractionally  dis¬ 
tilled  in  a  nitrogen  atmosphere  and  collected  in  a  nitrogen-filled 
flask. 
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Figure  2.  Oxidation  of  Turpentine  in  Presence  and 
Absence  of  BLE  at  80  °  C. 


idded  to  the  oxygen  absorption  cell.  The  acetone  is  next  re¬ 
moved  by  evacuation  at  room  temperature  and  5.0  cc.  of  the 
turpentine  are  added. 

Performance  of  the  Experiments 

The  cells  are  now  attached  to  the  system  but  not  immersed 
in  the  bath,  mercury  reservoir  C  is  lowered,  and  stopcock  D  and 
pinchcock  F  are  closed.  The  entire  system  is  then  evacuated 
through  H  and  finally  filled  with  oxygen  through  G  at  a  pressure 
of  about  420  grams  per  sq.  cm.  (6  pounds  per  square  inch)  above 
atmospheric  pressure.  The  system  is  adj usted  to  atmospheric  pres¬ 
sure  by  opening  stopcock  I  to  the  atmosphere  and  then  closing. 
The  cells  are  then  immersed  in  the  water  bath  and  clamped  into 
position.  This  time  of  immersion  in  the  bath  is  taken  as  the  start¬ 
ing  time.  Now  the  pressure  is  slightly  above  atmospheric,  pinch¬ 
cock  F  is  next  opened,  the  mercury  level  in  the  buret  is  adjusted 
to  zero,  and  the  system  is  again  allowed  to  come  to  atmospheric 
pressure  by  opening  stopcock  I  to  the  atmosphere  and  then  clos¬ 
ing  it.  From  now  on  the  system  is  not  opened  to  the  atmosphere 
until  the  end  of  the  experiment.  Five  minutes  are  taken  for  this 
adjustment  to  atmospheric  pressure  in  the  cells,  and  at  the  end  of 
this  period  of  time  the  mechanical  shaking  of  the  reaction  cells 
containing  the  turpentine  solutions  is  started.  This  time  is  5 
minutes  and  volume  of  oxygen  absorbed  is  taken  as  zero.  Suc¬ 
cessive  readings  of  time  are  taken  after  every  5  cc.  of  oxygen  are 
absorbed.  Small  variations  in  oxygen  pressure  have  been  found 
to  exert  no  observable  difference  in  results. 

The  determination  of  antioxidants  requires  a  turpentine  blank 
without  added  antioxidant.  This  blank  is  used  as  a  reference 
curve  in  the  determination  of  the  induction  period  which  is  taken 
as  the  distance  between  the  parallel  parts  of  the  oxidation  curves 
obtained.  After  the  induction  period  has  been  ascertained  for 
each  of  the  two  rubber  extracts  as  described  above,  we  may  cal¬ 
culate  the  weight  of  the  antioxidant  present  in  the  rubber  extract 
from  the  following  equation: 


x  =  weight  of  antioxidant  found  in  rubber  sample 
a  =  weight  of  antioxidant  added  to  acetone  in  extractor 
t  =  induction  period  of  rubber  extract  alone 
<o  =  difference  between  induction  periods,  for  cell  containing 
rubber  extract  plus  added  antioxidant  and  cell  containing 
rubber  extract 

Oxidation  of  Turpentine 

The  "uninhibited”  oxidation  of  turpentine  shown  in  Figure 
2  follows  the  customary  S-shaped  curves  common  to  au- 
toxidizable  substances.  For  turpentine  of  adequate  purity 
this  curve  is  essentially  linear  (oxygen  absorbed  as  a  function 
of  the  time)  after  20  cc.  of  oxygen  have  been  absorbed.  A 


characteristic  curve  for  0.7  X  10  6  gram  of  BLE  per  cc.  of 
turpentine  is  also  included. 

Effect  of  Concentration  of  BLE  on  Oxidation  of 
Turpentine 

Figure  3  shows  the  relation  between  the  induction  period 
for  the  oxidation  of  turpentine  and  the  concentration  of  BLE. 
This  is  essentially  linear  over  the  range  of  concentrations 
used  in  the  determination  of  antioxidants  in  rubber. 

The  curve  in  Figure  3  does  not  appear  to  go  through  the 
origin  and  shows  that  at  concentrations  of  the  order  of  10-7 
gram  of  BLE  per  cc.  of  turpentine,  BLE  becomes  less  effective 
as  an  antioxidant.  This  is  probably  caused  by  an  interaction 
of  a  small  amount  of  antioxidant  with  active  substances  or 
surfaces  in  the  system.  This  range  of  concentrations  should 
be  avoided  and  little  error  will  be  introduced  if  antioxidant 
determinations  are  carried  out  at  concentrations  between 
0.5  and  1.0  X  10-6  gram  of  antioxidant  per  cc.  of  turpentine. 

Influence  of  Oxidation  Products  of  Turpentine 

The  efficiency  of  antioxidant  protection  of  turpentine  de¬ 
pends  upon  the  original  oxidation  state  of  the  turpentine. 
For  example,  in  an  experiment  with  “peroxide-free”  turpen¬ 
tine  the  induction  period  for  10 -c  gram  of  p,p'-dimethoxydi- 
phenylamine  per  cc.  of  turpentine  was  315  minutes.  When 
the  same  turpentine  had  absorbed  0.13  per  cent  of  oxygen  be¬ 
fore  addition  of  the  antioxidant,  this  induction  period  was 
reduced  to  115  minutes.  This  shows  the  importance  of  main¬ 
taining  a  constant  concentration  of  peroxide  in  the  turpentine. 


CONCENTRATION  OF  BLE  IN  I0-6  G./CC  TURPENTINE 

Figure  3.  Influence  of  BLE  Concentration  on 
Oxidation  of  Turpentine  at  80 0  C. 

A  convenient  operating  turpentine  contains  sufficient  peroxide 
to  give  and  maintain  an  induction  period  for  BLE  between 
100  and  150  minutes  at  a  concentration  of  10-6  gram  of  BLE 
per  cc.  of  turpentine.  Within  this  range  of  induction  periods, 
no  noticeable  effects  were  observed  on  the  accuracy  of  the 
antioxidant  determinations.  Freshly  distilled  turpentine 
giving  induction  periods  greater  than  150  minutes  may  be 
brought  below  this  limit  by  the  addition  of  small  amounts  of 
oxidized  turpentine.  It  was  also  found  that  the  induction 
period  of  BLE  and  other  antioxidants  for  turpentine,  stored 
in  the  absence  of  light  under  nitrogen,  decreases  with  time 
of  standing. 
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Figure  4.  Influence  of  Acetone  Extracts 
of  Tread  Vulcanizates  on  BLE  Induction 
Periods 


Influence  of  Rubber  Extracts 

Since  no  attempts  have  been  made  to  remove  the  non¬ 
antioxidant  and  acetone-soluble  constituents  present  in  the 
rubber  compound  under  examination,  allowance  must  be 
made  for  their  effects  on  the  oxidation  of  the  turpentine. 
In  studying  the  effect  of  acetone  extracts  of  tread  compounds 
on  the  effect  of  BLE  as  an  antioxidant  in  turpentine,  three 
variations  have  been  studied.  The  acetone  extract  used  in 
this  work  was  from  tread  stocks  compounded  from  acetone- 
extracted  rubber  in  order  to  eliminate  effects  of  natural  anti¬ 
oxidants.  The  results  of  this  study  are  discussed  below. 

Variation  of  Extract  Concentration  in  Turpentine 
at  Constant  BLE  Concentration.  The  results  of  the 
study  which  are  presented  in  Figure  4  show  that  the  acetone 
■extract  of  tread  vulcanizates  containing  no  added  antioxidant 
decreases  the  antioxidant  activity  of  BLE  in  turpentine. 
This  effect  is  characteristic  of  the  influence  of  sulfur  which 
has  been  shown  to  diminish  the  effectiveness  of  BLE  and 
other  antioxidants  in  turpentine  oxidation.  In  general  this 
is  true  also  of  compounding  ingredients  such  as  carbon  black, 
pine  tar,  stearic  acid,  and  mercaptobenzothiazole  if  they  are 
present  in  sufficient  quantities.  Since  the  technique  used  in 
antioxidant  determinations  does  not  require  an  extended 
knowledge  of  the  effects  of  these  compounds,  their  thorough 
study  was  not  undertaken. 

Influence  of  Acetone  Extract  of  Milled,  Vulcanized, 
and  Oxygen-Aged  Tread  Compound  on  Antioxidant 
Activity  of  BLE  in  Turpentine.  Over  the  range  of  BLE 
concentrations  studied  in  turpentine  oxidation,  the  effect  of 
added  BLE  is  directly  proportional  to  its  concentration  when 
tested  in  the  presence  of  acetone  extracts  of  unvulcanized  and 
vulcanized  rubber  compounds  which  contain  no  added  anti¬ 
oxidant  (see  Figure  5) .  These  extracts  cause  variations  only 
in  the  slope  of  the  BLE  concentration-induction  period  curve. 
From  Figure  6  it  may  be  seen  that  the  acetone  extract  of  un¬ 
vulcanized  rubber  compound  reduces  the  effectiveness  of 
BLE  even  more  than  the  extract  of  vulcanized  rubber  com¬ 
pound  aged  240  hours  in  the  oxygen  bomb.  (The  turpen¬ 
tine  without  extract  gave  an  induction  period  of  118  minutes 
per  10 ~6  gram  of  BLE  per  cc.  of  turpentine.)  Vulcanization 
plays  a  significant  role  since  the  effectiveness  of  BLE  is  con¬ 
siderably  greater  in  the  presence  of  the  extract  of  unaged 


vulcanized  rubber  than  in  the  presence  of  an  extract  from 
unvulcanized  stock. 

Effect  of  BLE  Concentration  in  Acetone  Used  in 
Extracting  Tread  Vulcanizates.  Under  the  conditions 
existing  during  the  extraction  of  a  1-gram  rubber  sample, 
nonantioxidant  compounds  extracted  from  the  rubber  have 
very  appreciable  but  linear  effects  on  the  induction  period 
for  BLE  given  by  this  turpentine  oxidation  procedure  and 
shown  in  Figures  5  and  6.  These  same  relations  also  have 
been  found  to  hold  for  BXA,  DPPDA,  and  DMA.  Figure  7 
shows  the  results  of  determinations  made  by  the  addition  of 
6.15  and  12.2  mg.,  respectively,  of  BLE  to  the  acetone  used  in 
extracting  1.00  gram  of  tread  stock  which  contained  no  anti¬ 
oxidant.  These  results  show  a  linear  relation  between  in¬ 
duction  period  and  concentration  of  added  BLE.  This 
shows  that  changes  taking  place  in  BLE  during  acetone  ex¬ 
traction  do  not  influence  the  antioxidant  determinations. 
Because  of  this  linear  relationship  the  effects  of  the  acetone 
extract  of  the  rubber  compound,  exclusive  of  antioxidant  in¬ 
corporated  in  the  compound,  are  eliminated.  Therefore,  the 
antioxidant  present  is  proportional  to  the  induction  periods 
for  a  given  stock. 


Figure  5.  Effect  of  Acetone  Extracts  of  Tread 
Compounds  on  BLE  Induction  Periods 


The  above  results  show  that  the  induction  periods  in  tur¬ 
pentine  oxidation  of  acetone  extracts  of  vulcanizates  contain¬ 
ing  BLE  depend  on  the  state  of  cure  and  aging  of  the  vul- 
canizate,  and  in  general  are  much  lower  than  induction  periods 
for  turpentine  containing  no  extract  and  an  equal  amount  of 
BLE.  For  these  reasons  it  is  necessary  to  obtain  the  data  re¬ 
quired  for  Equation  1  and  determine  the  amount  of  antioxi¬ 
dant  in  this  manner. 

Per  Cent  Recovery  of  Antioxidants  from  Rubber 
Compounds 

As  indicated  by  the  work  of  Craig  (1),  all  the  antioxidant 
may  not  be  recovered  from  tire  tread  stocks  after  mill  in¬ 
corporation  and  vulcanization.  Similar  results  have  been 
obtained  by  the  present  method  but  the  nature  of  the  age 
resister  appears  to  have  some  effect  on  the  per  cent  found  in 
the  rubber  stock.  Average  recovery  values  for  BLE,  DPPDA, 
and  BXA  from  tread  stocks  containing  1 .0  part  of  antioxidant 
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4BLE  II.  Antioxidant  Analyses  of  Tread  Vulcanizates 


Antioxidant 

Antioxidant 
Present  in 
Stock 

a° 

ta 

toa 

xa 

Origi¬ 

nal 

Anti¬ 

oxidant 

Found 

Mg./g. 

Mg. 

Min. 

Min. 

Mg. 

% 

LE 

6.17  “ 

3.09 

78 

47 

5.13 

83 

XA 

6.17 

3.09 

61 

47 

4.01 

65 

XA 

6.17 

3.09 

61 

41 

4.60 

75 

PPDA  (m.  p.  150°  C.) 

6.17 

3.09 

63 

47 

4.14 

67 

MA  (m.  p.  124°  C.) 

6.17 

3.09 

117 

57 

6.34 

103 

MA 

6.17 

3.09 

117 

60 

6.03 

98 

0  x  has  been  calculated  from  the  equation: 

t  X  a 


here  x  —  weight  of  antioxidant  found  in  rubber  sample,  a  —  weight  of  anti- 
idant  added  to  acetone  in  extractor,  f  =  induction  period  of  rubber  extract 
one,  and  to  =  increased  induction  period  for  antioxidant  added  to  extractor. 


3T  100  parts  of  rubber  show  that  about  65  to  85  per  cent  may 
3  found  by  acetone  extraction  of  the  milled  or  the  cured 
ead  compounds.  However,  for  DMA  essentially  100  per 
;nt  of  the  original  antioxidant  has  been  obtained.  Table 
[  contains  typical  analyses  for  antioxidant  in  a  tread  com¬ 
ound  of  the  following  composition  (cured  60  minutes  at  30 
ounds) : 


Smoked  sheet 

100.0 

Carbon  black 

45.0 

Kadox 

5.0 

Pine  tar 

3 . 5 

Laurex 

3 . 5 

Sulfur 

3.0 

Mercaptobenzothiazole 

1.0 

Antioxidant 

1.00 

The  BXA  and  DMA  results  have  been  run  in  duplicate  and 
low  that  there  is  a  5  to  10  per  cent  variation  in  the  anti- 
xidant  determinations. 


Figure  6.  Influence  of  Extracts  from  Un vul¬ 
canized  and  Vulcanized  Oxygen-Aged  Tread 
Compounds  on  BLE  Induction  Periods 

10  -*  gram  of  BLE  per  oc.  of  turpentine 

The  incomplete  recovery  of  antioxidants  indicates  that  the 
mtioxidant  is  rendered  acetone-insoluble  or  else  is  converted 
o  some  form  which  is  not  an  antioxidant  for  turpentine. 

Discussion 

The  experimental  results  have  shown  that  turpentine 
>xidizes  in  a  characteristic  autocatalytic  manner  and  gives 
nduction  periods  for  BLE  which  are  proportional  to  the 
3LE  concentration  over  a  range  from  0.1  to  1.0  X  10-6  gram 
)f  BLE  per  cc.  of  turpentine.  Linear  curves  are  obtained 


Figure  7.  Effect  of  BLE  Concentration  in 
Acetone 

Extracting  1.00  gram  of  tread  vulcanizate  containing  no 
antioxidant 

for  acetone  extracts  of  unaged  and  aged  tire  tread  vulcanizates 
containing  known  added  quantities  of  BLE.  This  fact  sim¬ 
plifies  the  semiquantitative  method  herein  described  and 
holds  also  for  BXA,  DPPDA,  and  DMA,  although  these 
data  have  not  been  included  in  the  present  paper. 

This  semiquantitative  method  for  the  determination  of 
added  antioxidants  in  rubber  compounds  depends  only  on  the 
inhibitory  action  of  these  added  antioxidants  which  are 
present  in  the  acetone  extract  from  the  rubber  compounds. 
This  method  can  be  used  only  in  cases  where  the  relative 
inhibitory  action  of  the  antioxidant  under  investigation  is 
great  compared  to  the  other  acetone-extractable  rubber 
compounding  ingredients.  Since  the  antioxidants  considered 
in  this  paper  are  excellent  inhibitors  for  turpentine  oxidation, 
no  pretreatment  of  the  rubber  stock  is  necessary  to  carry  out 
the  analyses.  However,  for  less  efficient  turpentine  anti¬ 
oxidants,  better  results  would  be  obtained  if  the  rubber  com¬ 
pound  were  treated  with  dilute  sodium  hydroxide  or  by  other 
means  in  order  to  remove  sulfur  and  miscellaneous  interfering 
substances. 

Summary 

Qualitative  and  semiquantitative  methods  have  been  de¬ 
scribed  for  the  determination  of  BLE,  BXA,  A,A'-diphenyl- 
p-phenylenediamine,  and  dimethylacridan  in  unvulcanized 
and  vulcanized  tread  compounds.  Recovery  values  of  83, 
70,  67,  and  100  per  cent,  respectively,  have  been  obtained  for 
the  above  antioxidants  by  a  method  with  an  experimental 
variation  of  about  10  per  cent. 
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Solvent  Action  of  Liquid  Propane 

On  the  Pentane-Soluble  Fraction  of  a  High-Temperature  Bituminous  Coal  Tar 

C.  S.  KUHN,  JR.,1  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


The  use  of  selective  solvent  action  in  the 
separation  of  complex  mixtures  has  as¬ 
sumed  considerable  technical  importance 
in  recent  years.  A  study  has  been  made  of 
the  liquid  phases  formed  by  the  action  of 
liquid  propane  on  the  pentane-soluble  frac¬ 
tion  of  a  high-temperature  bituminous  coal 
tar.  As  the  ratio  of  propane  to  tar  is  in¬ 
creased  there  is  an  increase  in  average  den¬ 
sity,  refractive  index,  and  molecular  weight, 
and  a  decrease  in  hydrogen-carbon  ratio  of 
the  extract,  and  corresponding  changes  in 
the  residue.  The  separation  is  largely  on 
the  basis  of  molecular  weight,  but  at  high 
tar-propane  ratios  there  is  some  evidence 
that  alkylated  cyclic  structures  have  been 
preferentially  extracted.  In  general,  there 
is  a  tendency  for  oxygen,  nitrogen,  and  sul¬ 
fur  compounds  to  concentrate  in  the  resi¬ 
due. 

FRACTIONATION  of  complex  mixtures  with  selective 
solvents  has  long  been  a  valuable  analytical  procedure, 
and  has  assumed  considerable  technical  importance  in  recent 
years,  notably  in  the  petroleum  industry.  Since  such  a  pro¬ 
cedure  avoids  high  temperatures  it  appeared  that  it  might  be 
of  special  value  in  the  fractionation  of  coal  tar.  Previous 
workers  have  investigated  the  action  of  many  of  the  common 
organic  solvents  on  coal  tar,  and  have  shown  that  the  lower 
paraffin  hydrocarbons  are  particularly  effective  as  pitch  pre- 
cipitants  {2-4,  6,  8).  It  has  also  been  claimed  ( 5 )  that  by 
use  of  solvents  a  separation  can  be  effected  of  hydrocarbon 
structures  from  those  containing  other  elements,  such  as  oxy¬ 
gen,  nitrogen,  or  sulfur.  This  work  and  the  successful  use  of 
liquid  propane  for  deasphaltizing  petroleum  (I,  11)  have  di¬ 
rected  attention  to  the  possibilities  of  this  particular  paraffin 
hydrocarbon  for  fractionating  coal  tar. 

The  following  report  is  concerned  primarily  with  the  ex¬ 
perimental  details  and  results  obtained  in  a  study  of  the 

1  Present  address,  Magnolia  Petroleum  Company,  Dallas,  Texas. 


liquid-liquid  system  formed  with  liquid  propane  and  the 
pentane-soluble  fraction  of  a  high-temperature  bituminous 
coal  tar. 

Experimental 

The  coal  tar  was  obtained  from  the  Clairton  plant  of  the 
Carnegie-Illinois  Steel  Corporation,  where  it  was  made  by 
high-temperature  carbonization  of  a  blend  of  bituminous  coals 
in  the  Koppers  type  by-product  coke  ovens  and  subsequently 
topped  to  170°  C.  to  remove  light  oil  and  moisture. 

In  order  to  obtain  a  material  sufficiently  fluid  for  batch- 
extraction  with  liquid  propane,  and  to  eliminate  the  precipi¬ 
tation  of  pitch  in  the  liquid-phase  pressure  extractor,  the  coal 
tar  was  first  treated  in  the  following  manner: 

The  tar,  after  weighing,  was  dissolved  in  two  thirds  its  volume 
of  c.  p.  thiophene-free  benzene,  and  the  solution  sprayed  under 
2.8  kg.  per  sq.  cm.  (40  pounds  per  square  inch)  pressure  through  a 
Sprayco  turbine  nozzle  into  an  excess  (5  to  1)  of  pentane  (com¬ 
mercial  petroleum  product,  boding  point  34-40 0  C.),  whde  the  pen¬ 
tane  was  subjected  to  vigorous  mechanical  agitation.  A  consid¬ 
erable  quantity  of  pitch  (“primary  precipitate”)  was  precipitated 
by  this  treatment.  The  extracted  material  was  then  treated  with 
five  times  its  volume  of  pentane  to  precipitate  an  additional  quan¬ 
tity  of  pitch  (“secondary  precipitate”),  giving  an  extract  which 
was  called  “pentane-soluble  coal  tar”  and  which  was  used  later  in 
the  experiments  with  liquid  propane.  In  three  such  runs  34  kg. 
of  the  original  coal  tar  were  extracted  with  a  yield  of  38.2  per  cent 
of  pentane-soluble  material. 

The  properties  of  the  original  tar  and  its  solvent  extraction 
products  are  shown  in  Table  I,  and  data  from  the  fractional 
distillation  of  the  original  tar,  the  pentane-soluble  portion, 
and  a  propane  extract  in  Table  II.  The  fractional  distilla¬ 
tions  were  made  using  a  30-cm.  Hempel  column  attached 
to  a  100-cc.  round-bottomed  flask.  The  average  molecular 
weights  given  in  Table  I  were  determined  cryoscopically  in 
diphenyl  ( 9 ) . 

Prior  to  extraction  of  the  pentane-soluble  tar  with  liquid 
propane,  volumetric  estimations  of  the  phase  point  and  the 
per  cent  extracted  were  obtained  from  measurements  at  room 
temperature  in  a  series  of  eight  sealed  tubes  containing  vari¬ 
ous  ratios  of  the  two  materials.  The  results  of  this  work  de¬ 
fined  the  limiting  conditions  in  the  two-phase  system  and 
showed  that  it  was  physically  adaptable  to  a  phase  analysis 
in  the  customary  manner. 

Extractions  of  the  pentane-soluble  tar  at  30°,  60°,  80°,  and 
90°  C.  were  conducted  in  a  specially  designed  liquid-phase 
pressure  extractor  illustrated  in  Figure  1. 


Table  I.  Properties  of  By-Product  Coal  Tar  and  Its  Solvent-Extraction  Products 


wt.  %  of 

Density 

Original 

Mol. 

O 

at 

Designation 

Source 

Tar 

Wt. 

C 

H 

N 

S 

(Diff.) 

25°  C. 

% 

% 

% 

% 

% 

1 

By-product  coal  tar 

Clairton  Plant  of  Carnegie-Illinois  Steel  Corp. 

100 

89.30 

5.45 

1.02 

0.66 

3.57 

1.166 

2 

Primary  precipitate  b 

From  treatment  of  benzene  solution  of  (1)  with 

excess  pentane 

56.2 

88.41 

5.16 

1.16 

0.62 

4.65 

1.20 

3 

Secondary  precipitate® 

From  treatment  of  benzene-  pentane-soluble  mate¬ 

rial  with  pure  pentane 

5.6 

... 

87.74 

5.28 

1.20 

0.59 

5.19 

1.176 

4 

Pentane-soluble  tar<* 

From  treatment  of  benzene-  pentane-soluble  mate¬ 

rial  with  pure  pentane 

38.2 

192 

90.45 

6.45 

0.63 

0.63 

1.84 

1.084 

5 

Propane-soluble  tar 

From  extraction  of  (4)  with  excess  propane  (Expt. 

5,  Table  III) 

27.5 

180 

90.86 

6.57 

0.43 

0.58 

1.56 

1.057 

6 

Precipitate  from  propane 

From  extraction  of  (4)  with  excess  propane  (Expt. 

5,  Table  III) 

10.7 

250 

90.06 

5.70 

0.85 

0.82 

2.57 

1.150 

®  Distillate  to  350°  C.  contained  4.6%  acids  and  1.5%  bases. 
b  Av.  melting  point  83°  C.,  by  method  of  Kramer  and  Sarnow  (10). 
c  70%  soluble  in  ethyl  ether  of  which  7%  was  acidic  and  4%  basic. 
d  Completely  soluble  in  ethyl  ether.  Contained  5%  acids  and  4%  bases. 
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The  extractor,  which  consisted  of  a  chrome-molybdenum  steel 
iressure  bomb  of  3.4  liters  capacity  having  a  high-pressure  Pyrex 
ight  glass  mounted  above  the  head  to  permit  observance  of  the 
iquid  interface  during  discharge  operations,  was  suspended  by 
runnions  on  roller  bearings  in  an  electrically  heated  constant- 
emperature  oven.  One  trunnion  was  connected  with  the  drive 
if  a  0.25-horsepower  electric  motor  equipped  with  speed-reduc- 
ion  gears  for  revolving  the  extractor  at  32  r.  p.  m.;  the  other 
runnion  was  drilled,  W,  to  carry  thermocouple  leads  from  the  ex- 
ractor  to  a  commutator,  thus  permitting  temperature  readings 
vhile  the  extractor  was  in  motion. 

The  oven  was  built  in  two  sections,  the  upper  half  being  hinged 
ind  counterbalanced  to  allow  complete  access  to  the  extractor, 
t  was  insulated  with  7.5  cm.  (3  inches)  of  Sil-O-Cel  between  an 
mtside  wall  of  sheet  iron  and  an  inside  wall  of  Transite,  and  was 
quipped  with  socket  wrenches  for  remote  control  of  the  extractor 
waives,  a  small  circular  door  in  the  base  through  which  discharge 
ines  could  be  connected  to  valves  A  and  B,  and  a  double  glass 
window  through  which  the  sight  glass  was  visible  when  illumi- 
lated  by  an  ordinary  60-watt  light  and  reflector.  The  oven  con- 
ained  two  1000-watt  circular  heaters,  an  electric  fan,  and  a 
le  Khotinsky  thermoregulator  for  maintaining  a  constant  tem- 
>erature  in  the  air  bath. 

The  liquid  propane,  which  was  a  commercial  grade  and  reported 
o  contain  less  than  1.5  per  cent  of  ethane  and  no  butane,  boiling 
)oint  —44.5°  C.,  was  measured  into  the  extractor  from  a  cali- 
irated  steel  buret  fitted  with  a  gage  glass  and  top  and  bottom 
leedle  valves.  Connections  of  the  buret  to  the  extractor  or  to  a 
:ommercial  cylinder  of  propane  were  made  through  a  valve  block, 
ising  heavy-walled  copper  tubing.  Both  the  buret  and  the  valve 
>lock  were  mounted  on  vertical  supports  by  means  of  adjustable 
lamps. 

Extractions  with  liquid  propane  were  carried  out  as  follows : 

Weighed  samples  (100  to  300  grams)  of  the  pentane-soluble  tar 
vere  placed  in  the  extractor,  and  the  buret  was  connected  from 
ts  top  and  bottom  valves  to  extractor  valve,  A,  and  threaded 
nlet,  U,  respectively.  The  extractor  and  lines  were  then  par- 
ially  evacuated  on  a  water  pump,  and  after  equalization  of  pres- 
mre  in  the  apparatus  by  escape  of  propane  vapor  from  the  buret, 
he  desired  quantity  of  liquid  was  run  into  the  bomb;  the  valves 
vere  closed  and  transfer  fines  disconnected,  and  the  extractor  was 
nought  to  the  proper  temperature. 

Agitation,  by  revolving  the  bomb,  was  continued  for  at  least  16 
lours  at  constant  temperature  to  ensure  equilibrium  of  the  two 


liquid  phases.  The  bomb  was  then  allowed  to  remain  in  an  in¬ 
verted  position  for  5  hours  to  permit  drainage  and  division  of  the 
two  layers  prior  to  discharging  the  contents  through  brass  lines, 
attached  to  valves  A  and  B,  into  glass  flasks.  The  flasks,  in  turn, 


\  / 


Figube  1.  Liquid- Phase  Pressure  Extractor 


fABLE  II. 


Distillation  Data  on  By-Product  Coal  Tar  and 
Pentane  and  Propane  Extracts 


Boiling  Range,  °  C. 

3y-product  coal  tar,  grama 
Pentane-soluble  coal  tar,  grams 
Propane  extract,  Expt.  5,  grams 
Yc  of  fraction 
Soluble  in  pentane 
Soluble  in  propane 


To 

170- 

235- 

270- 

To 

Above 

E. 

170° 

235° 

270° 

350° 

350° 

350° 

F . 
O. 

1.1 

10.8 

7.3 

11.3 

30.5 

69.5 

H. 

0.4 

10.3 

4.4 

10.1 

25.2 

13.0 

J. 

0.4 

9.4 

3.7 

7.3 

20.8 

6.7 

K. 

36 

95 

60 

89 

82 

18 

h. 

36 

87 

50 

64 

68 

9 

A,  B.  Hoke  valves 
C.  Control  valve 


Body 

Thrust  ring 


Support  and  valve  block 
for  sight  glass 
Packing  nuts 


M,  N.  Thermocouple  wells 

P.  Propane  inlet  tube 

Q.  Washers 

R.  Filter  ring 

S.  Protecting  screens 

T.  Pyrex  sight  glass 

U.  Threaded  propane  inlet 

W.  Drilled  hole  for  thermocouple  leads 

X.  Roller  bearings 

Y.  Commutator 

Z.  Trunnion 


Table  III.  Data  for  the  System  :  Pentane-Soluble  Coal  Tar-Liquid  Propane 


Expt. 

No. 


6 

4 
3 
1 
2 

5 


12 

8 

7 

10 

11 


17 

15 

13 

14 

16 


22 

21 

20 

23 


Tar 

Pentane-Soluble 

Liquid  Propane 

%  of 

%  of 

Coal  Tar 

Liquid  Propane 

(Weight  Ratio) 

Propane 

Tar 

total  tar 

Propane 

Tar 

total  tar 

Grams 

Cc. 

Grams 

Cc. 

Grams 

Grams 

Grams 

Grams 

30°  Isothermal 

307.2 

284 

110.8 

227 

2.77 

36.2 

18.7 

6.1 

74.6 

290.2 

94.5 

209.4 

194 

112.9 

231 

1.85 

73.5 

35.9 

17.1 

39.4 

173.4 

82.8 

202.3 

188 

147.6 

303 

1.37 

116.8 

49.0 

24.2 

30.8 

154.4 

76.3 

214.0 

198 

241.4 

495 

0.89 

215.7 

71.4 

33.3 

25.7 

141.4 

66.1 

205.7 

190 

523.8 

1073 

0.392 

510.8 

104.5 

50.8 

13.0 

98.4 

47.8  ■ 

99.9 

93 

712.3 

1460 

0.140 

710.5 

72.0 

72.1 

1.8 

24.7 

24.7 

60°  Isothermal 

304.0 

288 

112.0 

258 

2.72 

25.4 

16.7 

5.5 

86.6 

286.9 

94.4 

202.6 

192 

109.5 

252 

1.85 

67.0 

38.2 

18.8 

42.5 

163.5 

80.8 

207.8 

197 

241.7 

557 

0.86 

215.3 

76.9 

37.0 

26.4 

129.3 

62.3 

197.3 

187 

406.1 

936 

0.485 

391.6 

99.6 

50.4 

14.5 

94  0 

47.6 

105.6 

100 

603.3 

1390 

0.175 

600.7 

74.0 

70.1 

2.6 

28.0 

26.5 

80°  Isothermal 

281.1 

270 

121.1 

317 

2.32 

57.6 

54.1 

19.2 

63.5 

227.6 

81.0 

263.5 

252 

147.6 

386 

1.78 

94.1 

59.8 

22.7 

53.5 

201.5 

76.6 

200.1 

192 

242.9 

636 

0.826 

219.8 

79.9 

39.9 

23.1 

115.8 

57.9 

202.1 

194 

458.6 

1201 

0.441 

442.5 

101.1 

50.0 

16.1 

97.0 

47.9 

101.2 

97 

628.3 

1645 

0.161 

625.5 

72.9 

72.1 

2.8 

27.2 

26.9 

90°  Isothermal 

310.4 

300 

124.6 

366 

2.49 

21.5 

16.1 

5.2 

103.5 

294.3 

94.8 

309.9 

299 

201.2 

592 

1.53 

133.9 

69.6 

22.5 

68.1 

236.4 

76.4 

205.5 

198 

254.5 

745 

0.809 

228.5 

77.8 

37.9 

25.5 

122.3 

59.5 

138.8 

134 

792.0 

2320 

0.175 

786.1 

91.0 

65.5 

5.9 

46.5 

33.5 
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Table  IV.  Properties  of  Extracts  and  Residues 


Expt. 

' 

-Extracts - 

Molecular 

-Residues - 

Molecular 

Temp. 

°  C. 

No. 

Tar/Propane 

D2& 

20 
n  d 

H/C 

weight 

D26 

_  2  O 

n  d 

H/C 

weight 

30 

6 

2.77 

1.035 

1.625 

0.901 

165 

1.084 

1.652 

0.819 

190 

5 

0.140 

1.057 

1.639 

0.868 

180 

1.150 

1.670 

0.760 

250 

60 

12 

2.72 

1.054 

1.632 

0.938 

170 

1.086 

1.651 

0.847 

185 

11 

0.175 

1.064 

1.639 

0.922 

165 

1.141 

1.66 

0.772 

225 

250 

80 

17 

2.32 

1.049 

1.629 

0.880 

155 

170 

1.092 

1.658 

0.821 

180 

16 

0.161 

1.061 

1.638 

0.845 

165 

225 

165 

1.152 

1.66 

0.745 

255 

90 

22 

2.49 

1.051 

1.630 

0.901 

175 

1.085 

1.651 

0.885 

190 

23 

0.175 

1.065 

1.635 

0.850 

175 

1.136 

1.66 

0.787 

240 

Figure  2.  Fraction  of  Tar  in  Upper  Phase  as  a  Function 
of  Tar-Propane  Ratio 


were  connected  with  glass  U-traps  and  a  standard  wet-test  gas 
meter  for  measuring  the  propane.  Careful  regulation  of  valves 
A  and  C  or  B  and  C  permitted  an  exact  separation  of  the  two 
liquid  phases.  The  portions  of  the  pentane-soluble  tar  entering 
the  upper  and  lower  phases  were  collected,  weighed,  and  identi¬ 
fied  by  physical  properties. 

Results  and  Discussion 

Data  for  the  two-phase  system  formed  with  pentane-soluble 
coal  tar  and  liquid  propane  are  shown  in  Table  III.  The 
amount  of  liquid  propane  present  in  the  runs  at  30°,  60°,  and 
80°  C.  was  determined  indirectly  by  a  method  which  is  de¬ 
scribed  below.  In  the  measurements  at  90°  the  amount  of 
liquid  propane  associated  with  the  lower  phase  was  deter¬ 
mined  directly,  by  passage,  after  gasification,  through  a  stand¬ 
ard  wet-test  meter.  The  total  liquid  propane  was  deter¬ 
mined  in  a  similar  manner  and  that  associated  with  the  upper 
phase  obtained  by  difference.  The  gas  volumes  read  from 
the  standard  wet-test  meter  were  converted  to  cubic  feet  of 
dry  gas  at  normal  temperature  and  pressure  and  then  con¬ 
verted  to  liters  and  grams  using  the  constants  28.32  (liters 
per  cubic  foot)  and  2.020  (density  of  propane  in  grams  per 
liter  at  0°  C.  and  760  mm.  of  mercury).  Values  of  d0  and  dL  in 
grams  per  cc.  were  obtained  by  conversion  of  the  densities,  in 
cubic  feet  per  pound,  determined  by  Sage  et  al.  (7). 

The  indirect  method  of  determining  liquid  propane  was  as 
follows: 

The  volume,  v,  of  liquid  propane  passed  into  the  bomb,  which 
had  been  evacuated  and  filled  with  propane  vapor  in  approximate 
equilibrium  with  liquid  propane  at  room  temperature,  was  meas¬ 
ured  in  the  liquid  propane  buret.  The  total  mass,  M,  of  propane 
in  the  bomb  at  this  temperature,  liquid  plus  gaseous,  was  com¬ 
puted  from  the  relation  do{  V  —  v)  +  dhV  =  M,  where  dG  and  dz, 
are  the  densities  of  gaseous  and  liquid  propane,  respectively,  and 
V  is  the  volume  of  the  space  above  the  tar,  the  difference  between 


the  volume  of  the  bomb,  3400  cc.,  and  the  volume  of  the  tar. 
Having  thus  obtained  a  value  for  M  at  room  temperature,  it  was 
possible  to  calculate  the  value  of  v  for  the  temperature  at  which 
the  run  was  made. 

At  90°,  near  the  critical  temperature  of  propane,  the  values 
for  v,  calculated  in  this  way,  were  found  to  be  greatly  in  error, 
probably  because  of  rapid  vapor  pressure  changes  and  conse¬ 
quent  changes  in  vapor  density.  A  number  of  direct  deter¬ 
minations  of  the  volume  of  liquid  propane  associated  with  the 
phases,  at  various  tar-propane  ratios  and  at  30  °,  60  °,  and  80  °  C., 
gave  values  in  reasonable  agreement  writh  those  calculated 
by  the  above  equation.  The  fraction  of  the  tar  in  the  upper 
phase  is  plotted  as  a  function  of  tar-propane  ratio  for  30°,  60°, 
80°,  and  90°  C.  in  Figure  2.  The  solubility  of  the  tar  in  liquid 
propane  is  substantially  independent  of  temperature  over  the 
range  covered  by  this  investigation. 


Figure  3.  Distillation  Curves  for  Extract  and  Residue 
from  Experiment  2 


Density,  refractive  index,  hydrogen-carbon  ratios,  and 
molecular  weights  were  determined  on  the  extracts  and  resi¬ 
dues  for  various  tar-propane  ratios  at  30°,  60°,  80°,  and 
90°  C.  The  results  are  summarized  in  Table  IV.  These  data 
are  in  accord  with  the  view  that  coal  tar  consists  of  cyclic 
structures  of  varying  molecular  weight,  but  of  similar  mo¬ 
lecular  type.  As  the  amount  of  propane  added  to  the  tar  is 
increased,  there  is  an  increase  in  average  density,  refractive 
index,  and  molecular  weight,  and  a  decrease  in  hydrogen-car¬ 
bon  ratio  of  the  extract,  and  corresponding  changes  in  the 
residue.  The  extract,  compared  with  the  residue,  is  in  all 
cases  of  lower  density,  lower  refractive  index,  lower  molecular 
weight,  and  higher  hydrogen-carbon  ratio,  indicating  the  con¬ 
centration  of  the  lower  molecular  weight  and  less  highly  con¬ 
densed  bodies  in  the  upper  phase,  the  extract.  The  separa¬ 
tion  is  largely  on  the  basis  of  molecular  weight,  as  indicated  in 
Figure  3,  where  distillation  curves  for  extract  and  residue  from 
experiment  2  are  shown.  However,  at  high  tar-propane 
ratios  the  hydrogen-carbon  ratios  of  the  extracts  indicate  that 
there  has  been  some  selective  solvent  action  and  that  alkyl¬ 
ated  cyclic  structures  have  been  preferentially  extracted. 
The  data  of  Table  I  indicate  that  there  is  a  tendency  for  oxy- 
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;en,  nitrogen,  and  sulfur  compounds  to  concentrate  in  the 
esidue. 
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Analysis  of  Aniline-Water  Solutions 

JOHN  GRISWOLD,  University  of  Texas,  Austin,  Texas 


DURING  an  investigation  of  the  liquid-vapor  equilibrium 
of  aniline-water  (2),  a  survey  of  analytical  methods  was 
nade.  The  methods  selected,  although  not  new,  have  been 
leveloped  into  the  rapid  and  accurate  procedures  here  pre- 
iented. 

Since  the  entire  range  of  compositions  was  to  be  covered, 
wo  separate  methods  were  indicated :  one  accurate  for  dilute 
vater  solutions,  the  other  accurate  for  concentrated  aniline 
iolutions.  Analysis  by  specific  gravity  is  not  possible,  be- 
:ause  of  the  slight  differences  between  the  specific  gravities 
)f  aniline  and  of  water.  The  most  direct  and  obvious  method 
vould  be  to  fractionate  out  the  water  and  weigh  the  residue. 
5uch  a  method,  however,  is  necessarily  time-consuming  and 
oses  precision  in  concentrated  aniline  solutions. 

Water  Phase 

Development  of  a  potentiometric  method  (1,  8)  was  very 
successful  for  dilute  water  solutions.  The  method  depends 
ipon  the  formation  of  tribromoaniline  with  bromine  in  a  neu- 
ral  solution,  or  by  potassium  bromide  and  bromate  in  an 
icid  solution. 

In  this  work  a  0.02  N  bromine  solution  and  a  1.5  A  potassium 
nomide-bromate  solution  were  used,  although  much  weaker 


solutions  are  entirely  satisfactory.  These  solutions  were  stand¬ 
ardized  by  titrating  definite  amounts  of  freshly  redistilled  aniline 
diluted  with  50  cc.  of  distilled  water  in  a  mechanically  stirred 
beaker  containing  a  normal  calomel  electrode  and  a  platinum 
contact.  When  the  bromide-bromate  reagent  was  used,  the  con¬ 
tents  of  the  cell  were  acidified  with  10  cc.  of  concentrated  hydro¬ 
chloric  acid.  A  sharp  potentiometric  end  point  was  obtained  in 
which  the  last  0.1  cc.  of  reagent  from  the  buret  caused  the  poten¬ 
tial  to  increase  from  about  250  to  650  millivolts.  This  end  point 
did  not,  however,  coincide  with  that  predicted  from  the  assumed 
oxidation-reduction  equation. 

End  points  plotted  as  in  Figure  1  always  gave  straight  lines 
which  when  extrapolated  passed  through  the  origin.  Hence  a 
“potentiometric  normality”  may  be  calculated.  The  slope  of 
these  lines  depends  somewhat  upon  reagent  concentration, 
so  that  calibration  is  necessary  for  reagents  of  different 
strengths. 

Table  I.  Refractive  Index-Composition  ( T  =  30°  C.) 

Water,  mole  %  0.00  1.71  2.83  3.97  6.50 

nD  1.5810  1.5801  1.5795  1.5790  1.5778 

Check  standardizations  were  made  frequently,  and  the 
bromine  solution  was  found  to  lose  strength  in  the  buret 
standing  in  a  warm  room.  This  difficulty  was  not  apparent 
when  a  0.005  N  solution  was  used.  No  such  effect  was  found 
with  the  bromide-bromate  reagent,  although  it  did  not  give 
as  sharp  an  end  point  as  did  the  bromine. 

Aniline  Phase 

A  rapid  and  sensitive  method  of  determining  water  in 
aniline  is  to  observe  the  refractive  index.  An  approximately 
straight  line  resulted  when  index  of  refraction  at  30°  C.  was 
plotted  against  mole  per  cent  of  aniline  as  in  Figure  2  from 
the  data  of  Table  I.  There  are  several  disadvantages  to  the 
procedure:  The  temperature  of  the  refractometer  cell  must 
be  held  constant  to  within  0.2°  C.,  the  index  must  be  accurate 
to  the  fourth  decimal,  and  there  is  danger  of  the  solution’s 
losing  or  gaining  water  by  exposure  to  the  air  and  absorption 
on  the  glass  prisms  in  the  instrument.  An  index  accurate  to 
0.0001  can  be  made  to  give  a  water  concentration  accurate  to 
0.1  mole  per  cent.  However,  a  method  was  sought  which  did 
not  require  such  painstaking  control  of  conditions. 

A  search  of  the  literature  revealed  an  analysis  for  water  in 
aniline  solution  by  mixing  with  rapeseed  oil  and  observing  the 
cloud  point  (4)-  Olive  oil  and  a  petroleum  gas  oil  were  found 
to  be  less  suitable  than  rapeseed  for  this  purpose.  The  cloud 
point-composition  curve  is  plotted  in  Figure  2;  the  calibra¬ 
tion  data  are  given  in  Table  II.  Calibrations  several  months 
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Figuee  2.  Analysis  of  Aniline  Phase  foe  Watee 


apart  showed  no  appreciable  differences  in  the  curve;  how¬ 
ever,  the  same  stock  of  rapeseed  oil  was  used  throughout. 

The  analytical  procedure  was  to  pipet  20  cc.  of  the  sample  and 
5  cc.  of  rapeseed  oil  into  a  2.5  X  20  cm.  (1X8  inch)  test  tube,  and 
insert  a  two-hole  stopper  containing  an  A.  S.  T.  M.  paraffin  melt¬ 
ing  point  thermometer  and  a  stirring  rod  looped  at  the  bottom 
to  encircle  the  thermometer.  The  end  of  the  thermometer  bulb 
was  set  1.25  cm.  (0.5  inch)  from  the  bottom  of  the  test  tube.  The 
tube  was  then  warmed  in  a  water  bath  until  the  solution  was 
perfectly  clear  and  transparent,  removed,  and  cooled  in  air  with 


constant  stirring  until  the  cloud  point  was  observed.  Cloud 
point-composition  data  were  consistent  to  0.06°  C.  (0.1°  F.), 
corresponding  to  0.1  mole  per  cent  of  water  in  aniline  solution. 


Table  II.  Cloud-Point  Calibeation 


(20  cc.  of  aniline-phase  sample  mixed  with  5  cc.  of  rapeseed  oil) 


Water 

Cloud 

Temperature 

Water 

Cloud 

Temperature 

Mole  % 

0  p. 

Mole  % 

0  F. 

0.00 

99.2 

7.08 

114.5 

3.16 

105.6 

7.82 

116.5 

3.84 

107.2 

8.17 

116.7 

4.18 

107.8 

8.25 

117.0 

4.83 

109.2 

9.20 

119.4 

5.87 

111.5 

9.29 

120.0 

6.59 

113.1 

3.97° 

107.3 

6.74 

113.8 

6.50“ 

113.0 

°  Made  after  conclusion  of  experimental  work. 


Two-phase  samples  were  analyzed  by  the  potentiometric 
titration  when  water  predominated.  When  aniline  was  present 
in  excess,  the  sample  was  mixed  with  a  definite  quantity  of  pure 
aniline  to  obtain  a  single  phase  which  was  then  tested  by  the 
cloud-point  method. 

Sampling  Procedure 

It  was  usually  necessary  to  obtain  a  sample  from  a  two- 
phase  mixture.  This  was  accomplished  by  shaking  the  mix¬ 
ture  vigorously  into  a  fine  dispersion  and  immediately  pipet¬ 
ting  out  the  desired  volume.  The  first  pipetful  was  rejected 
as  a  rinse,  since  aniline  rather  than  the  dispersion  wets  the 
glass.  Successive  samples  removed  immediately  after  shak¬ 
ing  showed  no  differences  in  composition  greater  than  analyti¬ 
cal  error. 


Acknowledgment 

The  assistance  of  D.  Andres,  E.  F.  Arnett,  and  F.  M.  Gar¬ 
land  who  obtained  the  experimental  data  is  acknowledged. 

Literature  Cited 

(1)  Callan,  T.,  and  Horrobin,  S.,  J.  Soc.  Chem.  Ind.,  47,  334T  (1928). 

(2)  Griswold,  John,  Andres,  D.,  Arnett,  E.  F.,  and  Garland,  F.  M., 

Ind.  Eng.  Chem.  (in  press). 

(3)  Happel,  Thesis,  Massachusetts  Institute  of  Technology,  1930. 

(4)  Jansen,  J.  D.,  and  Schut,  W.,  Chem.  Weekblad,  20,  657  (1923). 


Possible  Source  of  Error  in  Gravimetric  Determinations  Involving 
Use  of  Hydrogen  Peroxide  Followed  by  Nitron 

RALPH  C.  YOUNG  AND  PETER  M.  BERNAYS 
Massachusetts  Institute  of  Technology  ^Cambridge,  Mass. 


IN  THE  standard  method  for  the  determination  of  rhe¬ 
nium,  30  per  cent  hydrogen  peroxide  is  used  to  oxidize  the 
precipitated  rhenium  sulfide  to  perrhenic  acid,  which  is  sub¬ 
sequently  precipitated  with  nitron  (3).  Since  the  nitron  per- 
rhenate  obtained  with  the  use  of  a  standard  rhenium  solution 
was  invariably  found  to  be  too  high,  the  reagents  were  in¬ 
vestigated  and  the  impurity  was  traced  to  the  hydrogen 
peroxide.  Although  several  acids  form  insoluble  derivatives 
with  nitron,  the  impurity  causing  the  trouble  was  identified  as 
nitrate  ( 1 ,  2,  J+). 

Samples  of  20  cc.  of  30  per  cent  hydrogen  peroxide,  for  labora¬ 
tory  use,  from  three  companies  were  found  by  several  determina¬ 
tions  to  contain,  respectively,  12.5,  14.3,  and  24.6  mg.  of  nitron 
nitrate,  which  was  identified  by  its  melting  point  and  by  analysis. 
It  behaved  identically  with  a  known  sample  of  nitron  nitrate  and 


with  a  mixture  of  the  two  on  being  heated.  Gradual  decomposi¬ 
tion  took  place  below  260°  C.  and  melting  with  decomposition 
at  263.5°  (uncorrected).  The  nitron  derivatives  of  other  acids 
behaved  differently.  Analysis  gave  19.0  and  19.1  per  cent  of 
nitrogen:  calculated  for  C20H18N4HNO3,  18.7  percent. 
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Continuous  Extraction  of  Aqueous  Solutions 
by  Acetone— Petroleum  Ether 

M.  WAYMAN  AND  G.  F.  WRIGHT,  Chemical  Laboratory,  University  of  Toronto,  Toronto,  Canada 


IN  CONNECTION  with  the  isolation  of  the  yeast  growth- 
promoting  factor  Bios  IIB  (2),  it  became  necessary  to 
xtract  the  factor  from  its  aqueous  solution  by  means  of 
■cetone.  Although  acetone  is  completely  miscible  with  water, 
uch  an  extraction  can  be  effected  by  saturating  the  aqueous 
olution  with  certain  inorganic  salts  ( 1 ).  The  acetone  layer, 
lowever,  contains  considerable  water.  This  is  disadvanta- 
;eous  when  the  extraction  is  continuous,  owing  to  the  fact  that 
he  water  accumulates  in  the  boiler. 

The  authors  have  found  that  this  difficulty  can  be  prevented 
f,  instead  of  acetone,  a  1  to  3  petroleum  ether-acetone  mixed 
iolvent  is  used,  the  aqueous  solution  being  saturated  with 
lodium  chloride.  Obviously,  any  solvent  having  approxi- 
nately  the  same  boiling  point  as  acetone  can,  if  it  be  water- 
nsoluble,  effect  the  vapor  distillation  of  the  water  carried 
>ver  with  the  acetone;  the  authors  have  used  petroleum  ether 
because  of  its  low  cost.  Since  the  use  of  mixed  solvents  re¬ 
quires  certain  precautions,  they  have  elaborated  a  description 
)f  their  extractor  in  the  hope  that  it  may  prove  useful  in 
separations  unrelated  to  the  present  problem. 


F 

Description  of  Extractor 

Twelve  liters  of  the  aqueous  solution  to  be  extracted  are 
saturated  by  shaking  with  an  excess  of  sodium  chloride.  To  this 
solution  are  added  6.3  liters  of  acetone  and,  thoroughly  shaking 
after  each  addition,  2.1  liters  of  commercial  naphtha  (b.  p.  60°  C. 
to  90  °  C.) .  This  is  decanted  from  undissolved  salt  into  the  20-liter 
bottle,  G,  and  the  trap,  K,  and  mixed  solvent  is  added  until  the 
5-liter  round-bottomed  flask,  A,  contains  about  3  liters.  The 
apparatus  is  assembled  as  shown  in  the  diagram,  the  column,  B, 
being  lagged.  If  the  liquor  to  be  extracted  contains  so  much  solid 
that  a  head  of  distillate  in  the  stirrer  is  alternately  retained  and 
released,  it  is  advisable  to  extend  the  length  of  H  at  least  20  cm. 
(8  inches)  above  the  side  arm  leading  to  K. 

Duprene  tubing  was  used  for  connections  r,  r',  and  r" .  The 
upper  connection,  r",  should  be  of  sufficient  length  to  impart 
flexibility  to  E.  Since  loss  of  solvent  tends  to  change  the  composi¬ 
tion  of  the  acetone-petroleum  ether  extractant  the  vapor  surge 
condenser  is  installed  at  L.  A  glass  tube,  M,  is  loosely  hung  so 
that  it  projects  into  the  center  of  this  condenser  and  is  flexibly 
attached  to  E  by  means  of  rubber  tubing.  The  use  of  this 
equalizing  device  is  advisable  because  the  duprene  connection  at 
r’  is  likely  not  to  have  the  identical  lumen  of  the  tubes  to  which 
it  is  attached.  This  would  cause  obstruction  due  to  either  con¬ 
striction  or  air  lock;  the  equalizing  device  therefore  pre¬ 
vents  loss  of  solvent  at  this  point  owing  to  vapor  and 
liquid  surge.  Because  of  this  device,  the  downcoming 
distillate  empties  smoothly  about  10  cm.  (4  inches)  be¬ 
low  the  surface  of  the  liquid  in  the  hollow  stirrer,  F. 
This  stirrer,  bent  so  as  to  circulate  the  extractant 
thoroughly,  operates  more  efficiently  if  a  coarsely  woven 
cloth  sack,  N,  is  tied  over  its  lower  end.  It  is  supported 
in  a  brass  journal  to  which  is  attached  the  pulley,  P,  and, 
in  this  case,  could  not  rotate  faster  than  6  r.  p.  m. 
While  this  optimum  rate,  at  which  emulsion  formation 
would  not  occur,  was  being  ascertained,  the  otherwise  un¬ 
necessary  trap,  K,  was  included  in  the  extractor. 

Boiler  A  is  heated  by  a  steam  bath  which  may  be  con¬ 
structed  by  cutting  a  hole  in  a  can  15  cm.  (6  inches) 
high  by  30  cm.  (12  inches)  in  diameter  just  smaller  than 
the  equator  of  the  5-liter  round-bottomed  flask.  When 
the  latter  is  set  in  position  the  whole  bath  assembly 
may  be  rendered  steamtight  by  means  of  molding  clay. 
This  clay  must  be  replaced  every  time  the  boiler  is 
changed,  but  it  is  cheap  and  effective. 

Operating  Characteristics 

It  is  evident  that  the  amount  and  nature  of  the 
solute  in  the  aqueous  solution  will  alter  the  com¬ 
ponent  distribution  throughout  the  extractor.  When 
water  alone  was  used  in  G,  it  was  found  after  the 
apparatus  was  operated  to  an  equilibrium  state,  that 
the  aqueous  layer  contained  15  per  cent  of  acetone 
by  volume  and  was  saturated  with  about  180  grams 
of  salt  per  liter  of  solution.  The  solvent  above  this 
aqueous  layer  contained  54  per  cent  by  volume  of 
acetone,  6  per  cent  of  water,  and  40  per  cent  of 
petroleum  ether.  The  boiler,  on  the  other  hand,  con¬ 
tained  26  per  cent  by  volume  of  petroleum  ether,  the 
remaining  74  per  cent  being  considered  as 
acetone.  The  exact  weight  of  salt  per  liter  of 
solution  may  vary  with  the  conditions  of  the 
experiment.  The  essential  point  is  that  the 
aqueous  layer  be  saturated. 
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Production  of  Low  Temperatures 

A  Simplified  and  Inexpensive  Laboratory  Procedure 

HELEN  L.  WIKOFF,  BENJAMIN  R.  COHEN,  AND  MORTON  I.  GROSSMAN,  The  Ohio  State  University,  Columbus,  Ohio 


SEVERAL  of  the  more  recent  advances  in  biological 
chemistry  depend  upon  the  use  of  low  temperatures; 
temperatures  ranging  from  —20°  to  —75°  C.  are  frequently 
required.  With  proper  insulation  and  a  good  compressor 
system,  temperatures  ranging  between  —35°  and  —40°  C. 
may  be  obtained  by  the  use  of  liquid  ammonia,  and  if  liquid 
carbon  dioxide  is  substituted  for  ammonia  in  the  cooling 
system,  temperatures  between  —51°  and  —56°  C.  are  pos¬ 
sible.  Still  greater  compression  by  means  of  a  booster  is  needed 
to  produce  a  temperature  of  approximately  —84.5°  C.  used 
for  making  “dry  ice”  from  carbon  dioxide.  However,  the 
cost  of  installing  the  apparatus  required  makes  these  methods 
of  cooling  practically  out  of  the  question  for  the  small  chemical 
laboratory. 

Liquid  air  enables  one  to  obtain  temperatures  of  about 
—  140°  C.,  but  costly  apparatus  is  needed  to  produce  the 
liquid  air,  while  very  special  care  is  necessary  in  handling  the 
chilly  fluid  after  it  has  been  manufactured.  Consequently 
liquid  air  plays  practically  no  part  in  the  production  of  low 
temperatures  for  general  biological  work. 

Small  “cold  rooms”,  operated  at  a  minimum  temperature  of 
—  20°  to  —  25°  C.  and  designed  primarily  for  storage  purposes, 
are  sometimes  used  in  biological  work  but,  though  ideal  for 
cold-storage  purposes,  are  scarcely  suitable  places  in  which  to 
work.  Individuals  who  must  enter  and  leave  a  cold  room  at 
frequent  intervals  are  apt  to  become  careless  about  proper 
warmth  in  dress;  one  case  of  pneumonia  contracted  during  a 
hot  summer  season  by  a  research  worker  using  such  a  cold 
room  has  come  to  the  authors’  attention.  On  the  other  hand, 
if  workers  are  properly  dressed  to  protect  themselves  against 
cold,  their  ability  to  manipulate  delicate  chemical  apparatus 
is  likely  to  be  greatly  hampered  by  gloves  and  extra  clothing. 
However,  biological  chemists  in  general  are  not  confronted 
by  these  problems  because  the  cost  of  installation  greatly 
limits  the  number  of  such  rooms  in  operation. 

There  is  a  definite  need  for  a  system  in  which  low  tempera¬ 
tures  can  be  obtained  without  the  use  of  a  cold  room,  which 


is  not  available  to  the  average  chemist.  To  be  of  greatest 
value,  such  a  scheme  should  provide  an  inexpensive  method 
for  obtaining  low  temperatures,  preferably  on  an  ordinary 
laboratory  table.  Temperatures  should  remain  fairly  con¬ 
stant  for  appreciable  time  intervals  and  neither  health 
hazards  nor  fire  hazards  should  be  introduced  in  the  produc¬ 
tion  of  the  cold. 

Brown  and  Stoner  ( 1 )  describe  a  method  by  which,  by  add¬ 
ing  a  sufficient  quantity  of  solid  carbon  dioxide  to  alcohol,  they 
were  able  to  reach  temperatures  ranging  from  —50°  to  —60°  C. 
in  20  to  30  minutes  and  as  low  as  —75°  C.  in  a  little  longer 
time.  These  investigators  also  had  access  to  a  cold  room  with 
a  temperature  range  between  —20°  and  —  25°  C.,  where  they 
carried  out  many  of  their  laboratory  procedures. 

Using  their  procedure,  a  low  temperature  may  be  produced 
at  a  relatively  low  cost.  However,  the  use  of  a  volatile  solvent 
such  as  ethyl  alcohol  must  be  considered  as  a  hazard  to  health 
and  a  distinct  fire  hazard.  In  order  to  overcome  these  ob¬ 
jections  and  to  secure  a  greater  consistency  in  the  tempera¬ 
ture  maintained,  the  following  investigation  was  undertaken. 

Procedure 

Thermos  brand  vacuum-insulated  containers  of  Pyrex  brand 
glass  were  used  in  all  the  low-temperature  work.  The  1000-cc. 
capacity  flasks  (No.  8645,  the  American  Thermos  Bottle  Com¬ 
pany)  with  full-diameter  6.88-cm.  (2.75-inch)  openings  and 
39.7-cm.  (11.875-inch)  inside  depth  were  of  such  size  that  test 
tubes  or  small  bottles  could  be  lowered  into  the  cold  mixture.  A 
larger  container  of  4300-cc.  capacity  (No.  8642)  with  a  full- 
diameter  16.95-cm.  (6.78-inch)  opening  and  27.19-cm.  (10.875- 
inch)  inside  depth  would  accommodate  an  Erlenmeyer  flask  having 
a  capacity  of  1  liter.  A  container  having  a  capacity  of  ap¬ 
proximately  41,371  cc.,  a  full-diameter  opening  of  30  cm.  (11.75 
inches),  and  inside  depth  of  71.6  cm.  (28.25  inches),  is  also  manu¬ 
factured  and  will  accommodate  much  larger  vessels,  but  was 
not  used  by  the  authors. 

In  order  better  to  protect,  insulate,  and  identify  containers,  a 
rectangular  copper  jacket  was  provided  to  accommodate  four 
flasks  of  the  smaller  capacity.  This  box  was  68.75  cm.  (27.5 
inches)  long,  22.5  cm.  (9  inches)  wide,  and  37.5  cm.  (15  inches) 
high  and  was  divided  into  four  equal  compartments  by  cross 


Table  I.  Properties  of  Glycols  and  Related  Products 


Behavior  after  Addition  of  Dry  Ice 


Product® 

Formula 

Boiling 

Point! 

Vapor 

Pressure! 

Crystal¬ 

lization 

Lowest 

temperature 

before 

crystallization 

Consistency 

before 

crystallization 

Ethylene  glycol 

HO.CH2.CH2OH 

0  c. 

197.2 

Mm.  mercury  at  20° 

0.1 

Yes 

0  C. 

— 15 

Thin 

Propylene  glycol 

CH3.CHOH.CH2OH 

187.3 

0.1 

No 

-67 

Glasslike 

Diethylene  glycol 

HO.CH2CH2.O.CH2.CH2.OH 

244.5 

0.1 

Yes 

-37 

Thick 

Dipropylene  glycol 

(CHs.CHOH.CH.).20 

229.2 

0.1 

No 

-58 

Glasslike 

Triethylene  glycol 

HO.CH2.CH2.O.CH2.CH2O.CH2.CH2OH 

288.0 

0.1 

Yesc 

-62 

Very  thick 

Dimethoxytetraethylene 

glycol 

Methyl  Cellosolve 

(CH30CH2.CH2.0.CH2.CH2)20 

275.8 

0.1 

Yes 

-31 

Thin 

CH3.O.CH2.CH2OH 

125.0 

7 

No 

-77 

Thin 

Cellosolve 

c2h5.o.ch2.ch2oh 

135.0 

3 

No 

-77 

Thin 

Diethyl  Cellosolve 

C2H5.0.CH2.CH2.0C2H6 

121.4 

12 

No 

-77 

Thin 

Butyl  Cellosolve 

CiH).O.CH2.CH2OH 

171.2 

0.97 

No 

-77 

Like  glycerol 

Phenyl  Cellosolve 

C6H50.CH2.CH20H 

244.7 

0.03 

Yes 

+  12 

Thin 

Benzyl  Cellosolve 

C6H6CH2.O.CH2.CH2OH 

255 . 9 

0.02 

No 

-72 

Very  thick 

Methyl  Cellosolve  acetate 

CHsCOOCH-.CHj.O.CHa 

144.5 

3.73 

No 

-77 

Thin 

Cellosolve  acetate 

CH3COOCH5.CH2.O.C2H5 

156.3 

1.09 

No 

-77 

Thin 

Methyl  Carbitol 

CH3OCH2.CH>.O.CH2.CH2OH 

193.2 

0.2 

Yes  d 

-76 

Thick 

Carbitol 

C2H50CH2.CH2.O.CH2.CH2OH 

201.9 

0.1 

Yesc 

—  65 

Thick 

Diethyl  Carbitol 

(C2H60CH2.CH2)20 

186.0 

0.48 

Yes 

-54 

Thin 

Butyl  Carbitol 

C4H9.O.CH2.CH2.O.CH2.CH2OH 

231.2 

0.1 

No 

-76 

Very  thick 

Carbitol  acetate 

CH3COOCH2.CH2.O.CH2.CH2.OC2H6 

218.0 

0.1 

Yes 

-67 

Thin 

Butyl  Carbitol  acetate 

CH3CO(OC2Hj)2OC.,H.j 

245.0 

0.1 

No 

-77 

Very  thick 

Diacetone  alcohol 

(CH3)2COH.CH2.COCH3 

168.0 

1.0 

No 

-77 

Thin 

°  Materials  used  as  purchased  from  Carbide  and  Carbon  Chemicals  Corp. 
!  Values  taken  from  (2). 
c  Supercools,  temperature  of  crystals  —17°. 


d  Supercools,  temperature  of  crystals  —65° 
e  Supercools,  temperature  of  crystals  —54° 
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artitions.  Each  bottle  was  further  protected  by  a  covering  of 
>ose  cotton  between  it  and  the  copper  wall.  Numbers  on  the 
uter  side  of  the  copper  jacket  served  to  identify  the  flasks,  and 
long  copper  lid  with  handles  on  either  end  protected  the  con- 
;nts  of  the  containers. 

An  individual  cylindrical  copper  jacket,  37.5  cm.  (15  inches) 
igh  and  23.75  cm.  (9.5  inches)  in  diameter,  accommodated  the 
300-cc.  container  well  wrapped  with  cotton.  A  copper  lid  with 
handle  was  also  provided  for  this  jacket. 

Low  temperatures  were  obtained  in  the  1000-cc.  containers 
y  slowly  adding  115  to  170  grams  (4  to  6  ounces)  of  dry  ice  (in 
nail  pieces)  to  about  500  cc.  of  the  nonvolatile  liquid  to  be 
;sted.  About  1  liter  of  fluid  was  used  in  the  large  container  with 
corresponding  increase  in  dry  ice.  The  slow  addition  of  the 
ry  ice  prevented  the  liquid  from  being  spattered  out  of  the  con- 
riner  by  too  rapid  an  evolution  of  carbon  dioxide.  The  tempera- 
ire  was  generally  lowered  appreciably  within  a  few  minutes 
nd  further  additions  of  dry  ice  could  then  be  made  with  little 
anger  of  splattering. 

Since  the  vapor  pressures  of  the  glycols  are  much  lower  than 
[lose  of  the  corresponding  monohydric  alcohols,  it  was  decided 
3  investigate  the  possibilities  of  the  former  series  for  the 
reduction  of  cold  by  the  addition  of  solid  carbon  dioxide. 
J1  the  glycols  available  in  a  commercial  grade,  as  well  as  the 
dated  compounds  known  by  the  trade  names  of  Cellosolves 
nd  Carbitols,  were  subjected  to  the  procedure  outlined 
bove.  Unless  the  material  being  tested  crystallized,  more 
ry  ice  was  added  from  time  to  time  until  the  presence  of  a 
irge  excess  of  dry  ice  caused  no  further  reduction  in  tempera- 
lire  after  standing  several  hours.  Table  I  lists  the  com¬ 
ounds  used  together  with  their  behavior  when  treated  with 
olid  carbon  dioxide. 

Discussion 

Most  of  the  glycols  become  very  thick  and  viscous  as  they 
ool  after  the  addition  of  dry  ice  and  their  consistencies  at 
he  lowest  temperatures  recorded  resemble  that  of  partially 
lolten  glass.  If  crystallization  ultimately  does  take  place  in 
ome  of  these  solutions,  the  fluids  have  become  supercooled 
o  such  an  extent  that  the  entire  mixture  solidifies.  Conse- 
uently  diethylene  glycol,  triethylene  glycol,  propylene 
lycol,  and  dipropylene  glycol  when  treated  with  solid  carbon 
ioxide  are  worthless  as  fluids  for  cooling  baths. 

Ethylene  glycol,  which  crystallizes  from  the  carbon  dioxide 
olution  at  —15°,  neither  thickens  nor  supercools.  If  the  dry 
ie  is  added  carefully  so  as  to  avoid  the  presence  of  a  large 
xcess  after  reaching  a  temperature  of  —15°,  most  of  the 
thylene  glycol  can  be  kept  in  solution  and  a  constant  tem- 
lerature  of  —15°  =*=  1°  C.  maintained  for  at  least  4  hours 
without  even  closing  the  container. 

Dimethoxytetraethylene  glycol  begins  to  crystallize  from 
.  solution  saturated  with  carbon  dioxide  at  —  29°  C.  By 
arefully  avoiding  a  large  excess  of  dry  ice,  the  authors  were 
hie  to  maintain  a  temperature  of  —31°  =±=  1°  C.  for  6  hours 
rithout  adding  more  ice  or  causing  more  than  a  small  amount 
if  crystallization  at  a  room  temperature  of  30°. 

The  Cellosolve  series  produces  much  lower  temperatures 
dth  dry  ice.  Phenyl  Cellosolve,  crystallizing  at  +12°  C.,  is 
he  only  striking  exception  to  this  general  statement.  Methyl, 
iiethyl,  and  butyl  Cellosolve,  as  well  as  the  original  Cellosolve, 
11  reach  low  temperatures  ranging  from  —76°  to  —77°  C. 
m  standing.  The  consistency  of  the  cooled  butyl  Cellosolve 
esembles  that  of  glycerol,  while  the  other  Cellosolves  men- 
ioned  remain  water-thin  at  the  lowest  temperatures  reached, 
lowever,  because  of  the  appreciable  vapor  pressures  of  the 
aethyl  and  diethyl  Cellosolves,  those  compounds  are  not 
ecommended  as  cooling  fluids  for  use  with  carbon  dioxide. 
Cellosolve  and  butyl  Cellosolve  with  vapor  pressures  of  3  and 
1.97  mm.  of  mercury,  respectively,  are  suitable  for  main- 
aining  temperatures  of  —74°  to  —77°  C.  over  long  periods 
•f  time  if  a  sufficient  supply  of  dry  ice  is  added.  Benzyl 
Cellosolve  possesses  the  lowest  vapor  pressure  of  any  of  the 


Cellosolves  studied,  but  the  viscosity  of  the  liquid  increases 
so  greatly  as  the  temperature  decreases  that  benzyl  Cellosolve 
is  of  no  value  in  a  cooling  bath. 

The  introduction  of  an  acetate  radical  reduces  the  vapor 
pressure  of  the  Cellosolves  to  some  extent.  However,  methyl 
Cellosolve  acetate  is  apparently  sufficiently  toxic  to  warrant 
a  warning  label  on  the  container  and  therefore  is  not  recom¬ 
mended  for  cooling  mixtures,  despite  the  fact  that  it  remains 
water-thin  with  dry  ice  at  a  temperature  of  —76°  C.  Cello¬ 
solve  acetate,  with  a  vapor  pressure  of  only  1.09,  also  re¬ 
mains  water-thin  at  —76°  C. 

Table  II.  Products  Recommended  for  Producing  Low 
Temperatures  with  Dry  Ice 
Name  of  Product  Temperature  Produced 

°  C. 


Ethyleneglycol  —15  =*=  1 

Dimethoxytetraethylene  glycol  —31  ±1 

Diethyl  Carbitol  —52  ±1 

Carbitol  acetate  —67  =*=2 

Cellosolve  t 

Cellosolve  acetate  I  —73  —77“ 


Diacetone  alcohol  |  depending  on  physical  conditions,  includ- 
Butyl  Cellosolve  1  ing  length  of  standing  with  excess  dry  ice 

°  It  is  possible  to  obtain  any  desired  temperature  above  —73°  for  a  short 
time  interval  by  mixing  any  of  these  products  with  the  proper  amount  of  dry 
ice.  However,  the  products  listed  in  Table  II  will  maintain  the  temperatures 
listed  for  at  least  4  hours  if  left  undisturbed. 

The  Carbitol  series  seems  the  safest  for  use  in  the  production 
of  cold  with  dry  ice,  since  none  of  the  compounds  investigated 
possesses  a  vapor  pressure  greater  than  0.48.  Methyl  and 
butyl  Carbitol  both  thicken  appreciably  as  they  cool  after 
the  addition  of  dry  ice  and  are  not  so  satisfactory  for  use  in 
cooling  baths  as  some  of  the  other  compounds  studied. 
Furthermore,  these  two  solvents  cool  rather  slowly  below 
—  50°  C.,  although  temperatures  as  low  as  —75°  C.  may  even¬ 
tually  be  registered.  After  standing  overnight,  with  an 
excess  of  dry  ice,  methyl  Carbitol  finally  on  one  occasion 
crystallized.  The  temperature  of  the  crystalline  material 
was  —65°  C.  Carbitol  thickens  at  —54°  C.  and  supercools  to 
at  least  —65°.  After  standing  for  some  time  at  this  tempera¬ 
ture,  the  material  crystallizes  and  the  temperature  returns 
to  -54°. 

Diethyl  Carbitol  crystallizes  from  the  carbon  dioxide  solu¬ 
tion  at  —54°  C.  without  supercooling  or  thickening  before 
crystallization.  If  dry  ice  is  cautiously  added  to  this  com¬ 
pound  so  as  to  avoid  a  large  excess  at  the  crystallization 
temperature,  only  a  small  amount  of  the  solution  will  crystal¬ 
lize  and  the  remainder  will  maintain  a  temperature  of  —52° 
for  at  least  4  hours. 

The  Carbitol  acetates  are  useful  for  producing  extreme  cold 
with  dry  ice.  Carbitol  acetate,  crystallizing  at  —73°  C.  from 
a  water-thin  carbon  dioxide  solution,  may  be  used  for  baths 
of  —67°  by  avoiding  too  large  an  excess  of  dry  ice.  Butyl 
Carbitol  acetate,  thickening  to  a  consistency  slightly  greater 
than  that  of  glycerol,  does  not  crystallize  even  in  the  presence 
of  much  excess  dry  ice.  Temperatures  as  low  as  —72°  =t  1  °  C. 
can  be  obtained  within  30  minutes  and  if  the  butyl  Carbitol 
acetate  is  allowed  to  stand  in  the  presence  of  a  large  excess  of 
dry  ice,  a  temperature  of  —76°  C.  may  be  registered  within 
an  hour  and  maintained  for  more  than  a  day. 

Diacetone  alcohol,  although  belonging  to  none  of  the  types 
of  compounds  already  listed,  was  also  studied.  This  com¬ 
pound  cools  very  rapidly  when  dry  ice  is  added,  fails  to 
crystallize  in  the  presence  of  a  large  excess  of  dry  ice,  and  re¬ 
mains  water-thin  at  the  lowest  temperature  observed  (  —  77°). 
This  temperature  held  for  24  hours  if  the  outer  jacket  was 
closed  except  while  observations  were  being  made. 

In  actual  practice,  it  has  been  found  more  convenient  to  use 
a  series  of  low-temperature  baths,  than  to  place  the  warm 
object  at  once  in  a  container  with  a  bath  of  an  extremely  low 
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temperature.  The  latter  practice  will  result  in  the  violent 
evolution  of  carbon  dioxide  together  with  a  possible  loss  of 
part  of  the  cooling  fluid. 

The  same  fluid  may  be  used  many  times  by  simply  adding 
dry  ice  whenever  a  low  temperature  is  desired.  If  convenient, 
the  solvents  may  be  left  in  the  small  Thermos  containers 
which  may  be  closed  by  corks  after  the  contents  have  re¬ 
turned  to  room  temperature.  When  the  solvent  must  be  re¬ 
moved  from  the  container,  a  violent  evolution  of  carbon 
dioxide  together  with  a  possible  loss  of  part  of  the  fluid  is 
likely  to  occur  if  the  cold  mixture  is  poured  into  a  bottle  or 
beaker  at  room  temperature. 

Conclusions 

The  compounds  studied  fall  into  three  groups  with  respect 
to  behavior  with  dry  ice:  (1)  compounds  which  crystallize 
sharply  from  solutions  with  carbon  dioxide,  (2)  compounds 
which  thicken  and  either  supercool  or  fail  to  crystallize  at  all, 


and  (3)  compounds  which  neither  crystallize  nor  thicken 
to  any  extent.  Compounds  of  the  second  type  are  worthless 
in  cooling  baths  with  dry  ice.  Compounds  of  the  first  type 
will  maintain  a  temperature  slightly  lower  than  the  initial 
temperature  of  crystallization  for  a  few  hours  if  the  dry  ice 
is  added  carefully.  Compounds  in  the  third  group  are  merely 
cooled  by  the  ice  and  therefore  tend  to  approach  —79.5°  C., 
the  melting  temperature  of  solid  carbon  dioxide.  The  exact 
temperature  recorded  by  any  member  of  this  group  may  there¬ 
fore  vary  by  as  much  as  4°  or  5°,  depending  on  physical  con¬ 
ditions. 

Table  II  contains  final  recommendations  regarding  com¬ 
pounds  to  be  used  in  producing  low  temperatures  with  dry 
ice. 
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Determination  of  Small  Amounts  of  Copper  and 

Manganese 

In  Dyes  and  Other  Organic  Materials 

G.  F.  PALFREY,  R.  H.  HOBERT,  A.  F.  BENNING,  and  I.  W.  DOBRATZ 
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THE  demand  for  so-called  copper-  and  manganese-free 
dyes,  intermediates,  and  rubber  chemicals  for  use  in  rubber 
and  on  fabrics  to  be  rubberized  necessitated  the  development, 
many  years  ago,  of  accurate  and  sensitive  analytical  methods 
for  determining  traces  of  these  elements.  In  the  authors’ 
first  methods  the  organic  matter  was  destroyed  by  dry-ash¬ 
ing,  using  a  procedure  similar  to  the  present  A.  S.  T.  M. 
method  D377-37.  This  ashing  procedure  was  unsatisfactory 
for  most  dyes.  Copper  was  subsequently  determined  colori- 
metrically  by  the  use  of  potassium  ferrocyanide  as  indicator 
and  manganese  by  oxidation  to  permanganate,  using  potas¬ 
sium  periodate  as  recommended  by  Willard  and  Greathouse 
(4).  During  the  last  10  years  methods  have  been  revised 
several  times  as  the  result  of  investigations  of  published 
methods,  private  communications  (3),  and  suggestions  from 
several  analysts  who  have  used  the  authors’  methods. 

The  following  methods,  which  are  believed  to  contain  im¬ 
provements  not  published  previously,  are  now  used  officially 
in  this  department  for  the  determination  of  copper  and  manga¬ 
nese  in  dyestuffs,  rubber  chemicals,  and  rubber.  The  organic 
matter  is  destroyed  by  wet  oxidation  with  sulfuric  and  nitric 
acids  followed,  when  necessary,  by  hydrogen  peroxide.  Cop¬ 
per  is  then  determined  colorimetrically  using  sodium  diethyl- 
dithiocarbamate  as  indicator  as  recommended  by  Callan  and 
Henderson  (1).  Manganese  is  still  determined  by  oxidation 
to  permanganate.  As  both  copper  and  manganese  are  gen¬ 
erally  required  on  the  same  sample,  the  methods  have  been 
combined  as  far  as  possible. 

Destruction  of  Organic  Matter 

Reagents  and  Apparatus,  c.  p.  concentrated  sulfuric  acid 
(sp.  gr.  =  1.842),  c.  p.  fuming  nitric  acid,  and  hydrogen  peroxide, 
approximately  30  per  cent  by  volume,  and  essentially  free  from 


copper  and  manganese.1  A  500-cc.  Kjeldahl  flask  and  Kjeldah 
digestion  apparatus. 

Procedure.  Accurately  weigh  approximately  5  grams  of  the 
sample  and  transfer  to  a  500-cc.  Kjeldahl  flask.  Add  carefully 
20  cc.  of  concentrated  sulfuric  acid  and  one  or  two  glass  beads, 
place  the  flask  on  a  digestion  rack,  and  slowly  heat  it  until  the 
mixture  boils.  Continue  to  boil  gently  until  complete  charring 
and  disintegration  of  the  organic  matter  have  occurred  (about 
15  to  20  minutes’  boiling  is  generally  required).  As  sulfuric  acid 
is  consumed  in  the  oxidation,  add  more  in  5-cc.  portions,  when 
needed,  to  maintain  the  volume  at  about  20  cc.  When  charring 
is  complete,  allow  to  cool  and  add  carefully,  in  small  portions, 
5  cc.  of  fuming  nitric  acid.  If  a  strong  reaction  occurs,  stop  the 
addition  and  swirl  the  contents  of  the  flask  until  the  reaction 
subsides,  then  carefully  continue  the  addition.  Heat  the  mixture 
with  a  low  flame  until  the  brown  fumes  have  disappeared,  boil 
vigorously  for  a  few  minutes,  and  then  cool.  Repeat  this  proc¬ 
ess  until  two  successive  treatments  with  the  nitric  acid  produce 
no  decrease  in  color  (three  5-cc.  portions  of  nitric  acid  are  gen¬ 
erally  sufficient). 

While  agitating,  dilute  the  contents  of  the  flask  with  100  cc. 
of  distilled  water.  Boil  the  solution  down  to  strong  fumes  of 
sulfur  trioxide  and  cool.  This  hydrolyzes  the  nitrosyl  sulfuric 
acid  and  drives  off  oxides  of  nitrogen.  If  a  yellow  color  is  present 
in  the  solution  at  this  point  it  is  usually  indicative  of  the  presence 
of  either  iron  or  undigested  organic  matter,  and  the  solution 
should  be  treated  as  follows: 

Carefully  add  5  cc.  of  hydrogen  peroxide.  Heat  the  mixture 
with  a  low  flame  to  strong  fumes  of  sulfur  trioxide,  boil  vigorously 
for  a  few  minutes,  then  cool.  Repeat  this  process  until  two  suc¬ 
cessive  treatments  with  hydrogen  peroxide  produce  no  decrease 
in  color  (two  or  three  5-cc.  portions  are  generally  sufficient). 
While  agitating,  dilute  the  contents  of  the  flask  with  100  cc.  of 
distilled  water.  Boil  the  solution  down  to  strong  fumes  of  sulfur 
trioxide  and  then  cool.  This  will  remove  any  excess  hydrogen 
peroxide. 


1  “Albone  C”,  100-volume,  as  manufactured  by  the  R.  &  H.  Chemical* 
Division,  E.  I.  du  Pont  de  Nemours  &  Company,  Inc.,  has  been  found 
satisfactory. 
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Dilute  the  solution  with  100  cc.  of  distilled  water.  If  the  solu- 
ion  is  clear,  transfer  to  a  250-cc.  volumetric  flask,  dilute  to 
'olume,  and  mix  well.  If  the  solution  contains  insoluble  matter, 
ieat  to  a  boil  and  filter  hot,  by  gravity,  through  No.  1  Whatman 
liter  paper.  Wash  the  filter  well  with  hot  distilled  water,  dilute 
o  volume  in  a  250-cc.  volumetric  flask,  and  mix  well.  Aliquots 
>f  this  solution  are  used  for  the  determination  of  copper,  and  of 
nanganese  if  it  is  present  in  sufficient  quantity. 

Blank  determinations  using  the  same  quantities  of  the  same 
eagents  should  be  run  simultaneously  with  each  batch  of  determi- 
aations.  All  reagents,  including  the  distilled  water  used  for  dilu- 
,ion,  should  be  as  free  as  possible  from  copper  and  manganese. 


When  Cadmium  Is  Present.  Cadmium  gives  a  white  turbidity 
with  the  reagent  when  present  only  in  traces.  When  the  cadmium 
content  of  the  aliquot  taken  for  the  colorimetric  comparison  is  so 
small  that  it  cannot  be  precipitated  with  hydrogen  sulfide  in  am- 
moniacal  solution,  the  turbidity  produced  may  be  cleared  up 
by  using  two  or  three  times  the  usual  amount  of  ammonium  hy¬ 
droxide.  When  cadmium  is  present  in  larger  quantities,  this 
method  is  not  applicable  and  other  methods  for  the  determination 
of  copper  must  be  used. 

Calculation. 

Cc.  of  standard  copper  solution  X  0.001  m  c 

- .  .  -  , —  - r - t -  =  %  of  copper 

weight  of  sample  in  aliquot 


Determination  of  Copper 

Reagents.  Ammonium  hydroxide  solution  (sp.  gr.  0.880). 

Sodium  diethyldithiocarbamate  solution:  Dissolve  1.0  gram 
n  1  liter  of  copper-free  water.  Place  in  an  amber  bottle  and  pro¬ 
ject  from  strong  light. 

Standard  copper  solution.  Dissolve  0.3928  gram  of  c.  p.  copper 
sulfate  pentahydrate  (CuS04.5H20),  which  contains  0.1000  gram 
if  copper,  in  250  cc.  of  copper-free  water  in  a  volumetric  flask. 
Pipet  25  cc.  of  this  solution  into  a  1-liter  volumetric  flask  and 
iilute  to  volume  with  copper-free  water.  This  final  solution  is 
fie  standard  and  will  contain  0.00001  gram  of  copper  per  cc. 

Gum  arabic  solution.  A  5  per  cent  solution  of  gum  arabic  in 
iistiUed  water. 

Procedure.  Pipet  a  suitable  aliquot,  usually  25  cc.,  of  the 
solution  into  a  small  Erlenmeyer  flask  or  beaker.  Drop  in  a  small 
piece  of  litmus  paper  as  indicator  and  make  just  alkaline  with 
ammonium  hydroxide.  Add  1  to  2  cc.  excess  ammonium  hy¬ 
droxide,  heat  to  boiling,  and  place  on  a  steam  bath  until  coagula¬ 
tion  and  precipitation  of  iron  hydroxide  are  complete.  If  alumi¬ 
num  is  known  to  be  present,  allow  to  stand  on  the  steam  bath  for 
it  least  1  hour  to  ensure  complete  precipitation  of  aluminum  hy¬ 
droxide.  Filter,  by  gravity,  through  No.  1  Whatman  filter  paper, 
into  a  100-cc.  Nessler  tube,  and  wash  the  filter  with  two  or  three 
small  portions  of  hot  distilled  water. 

To  the  solution  in  the  Nessler  tube,  add  1  cc.  of  a  5  per  cent 
gum  arabic  solution,  10  cc.  of  c.  p.  ammonium  hydroxide,  and  10 
cc.  of  sodium  diethyl  dithiocarbamate  solution  in  the  order 
named.  Dilute  to  the  mark  and  mix  well.  To  a  second  tube  con¬ 
taining  a  similar  aliquot  of  a  blank  solution  carried  through  the 
entire  analysis  in  the  same  manner  as  the  sample,  add  equal 
amounts  of  the  same  reagents,  dilute  to  about  90-cc.  volume,  and 
mix.  Titrate  into  the  second  tube  with  the  standard  copper  solu¬ 
tion  from  a  10-cc.  buret  (preferably  graduated  in  twentieths  of 
a  cubic  centimeter)  until  its  color  matches  that  of  the  sample 
when  diluted  to  the  same  volume.  Mix  well  after  each  addition 
of  copper  solution. 

If  the  color  in  the  sample  tube  is  too  deep  for  comparison,  a 
smaller  aliquot  portion  of  the  solution  from  the  acid  digestion 
must  be  used.  If  the  color  in  the  sample  tube  is  too  light  for  a 
good  comparison,  the  amount  of  copper  present  (on  the  basis  of 
a  5-gram  sample)  is  below  the  accuracy  of  the  method.  Best  re¬ 
sults  will  be  obtained  when  the  aliquot  contains  copper  equivalent 
to  1  to  5  cc.  of  the  standard  copper  solution. 

In  case  the  solution  in  the  tube  containing  the  sample  is  turbid, 
some  interfering  substance  is  present.  If  one  of  the  following 
modifications  does  not  remove  the  turbidity  the  method  is  not 
applicable  and  a  modified  or  different  procedure  will  be  neces¬ 
sary. 

When  Lead  Is  Present.  Add  2  to  5  cc.  of  1  per  cent  ferric 
chloride  to  a  25-cc.  aliquot  of  the  solution  from  the  acid  digestion. 
Make  just  alkaline  to  litmus  with  ammonium  hydroxide,  add  1 
to  2  cc.  excess  ammonium  hydroxide,  and  heat  as  before,  to 
coagulate  the  precipitate.  Filter  into  a  100-cc.  Nessler  tube, 
wash  the  filter,  add  the  gum  arabic,  and  proceed  as  above. 

When  Zinc  Is  Present.  Zinc  causes  a  turbidity  only  when 
present  in  comparatively  large  amounts.  Sometimes  this  can 
be  overcome  by  simply  making  the  solution  in  the  Nessler  tube 
more  alkaline  with  ammonium  hydroxide.  (Add  as  much  am¬ 
monium  hydroxide  to  the  known  comparison  tube.  As  much  as 
20  or  30  cc.  of  ammonium  hydroxide  may  be  used.)  When  this 
expedient  fails,  treat  a  suitable  aliquot  portion  from  the  volu¬ 
metric  flask  as  follows: 

Adjust  with  ammonia  until  neutral  to  litmus,  add  5  cc.  of  con¬ 
centrated  hydrochloric  acid,  and  pass  in  hydrogen  sulfide  for  10 
minutes.  Boil  and  pass  in  hydrogen  sulfide  again  for  5  minutes. 
Filter,  but  do  not  wash.  Place  the  filter  paper  in  the  original 
beaker  and  treat  with  10  cc.  of  25  per  cent  sulfuric  acid.  Boil  for 
a  few  minutes.  Dilute  with  25  cc.  of  water,  filter,  and  wash 
thoroughly.  Neutralize  the  filtrate  with  concentrated  am¬ 
monium  hydroxide.  Place  in  a  100-cc.  Nessler  tube,  add  the  gum 
arabic,  and  proceed  as  above. 


Determination  of  Manganese 

Reagents,  c.  p.  phosphoric  acid,  85  per  cent.  c.  p.  potassium 
periodate. 

Standard  manganese  solution.  Prepare  a  standard  manganese 
solution  by  diluting  as  much  standard  potassium  permanganate  as 
is  given  by  the  formula  cc.  =  4.551/N  to  500  cc.  in  a  volumetric 
flask.  ( N  =  normality  of  the  potassium  permanganate  used.) 
This  solution  contains  0.0001  gram  of  manganese  per  cc.  Do  not 
keep  this  solution  for  more  than  one  week. 

Procedure.  Transfer  a  suitable  aliquot,  usually  the  balance 
of  the  solution  in  the  250-cc.  volumetric  flask,  to  a  250-cc.  beaker 
and  evaporate  to  about  75-cc.  volume.  (If  the  manganese  con¬ 
tent  is  very  low  a  separate  sample  should  be  used  and  the  whole 
solution  from  the  acid  digestion  should  be  evaporated  for  the 
comparison.)  Add  10  cc.  of  85  per  cent  c.  p.  phosphoric  acid  to 
decolorize  iron  if  present.  Sprinkle  in  0.5  gram  of  potassium  peri¬ 
odate  and  bring  the  solution  to  a  boil.  Cool  slightly,  sprinkle  in 
another  small  portion  of  potassium  periodate  (about  0.1  gram), 
and  boil  again. 

When  the  color  seems  to  have  developed  to  a  maximum,  place 
the  beaker  on  a  steam  bath  and  keep  hot  for  15  minutes.  Should 
there  be  any  doubt  about  the  completeness  of  the  reaction,  add 
more  potassium  periodate.  After  the  sample  has  stood  on  the 
steam  bath  for  15  minutes  remove  it  and  allow  it  to  cool.  If  the 
color  is  too  deep  for  a  good  comparison,  wash  into  a  250-cc. 
volumetric  flask  and  dilute  to  volume  with  distilled  water. 
Place  a  suitable  aliquot  (or  the  whole  sample)  in  a  100-cc.  Nessler 
tube  and  dilute  to  the  mark  with  distilled  water.  Place  a  similar 
aliquot  of  a  blank  solution,  carried  through  the  entire  analysis 
in  the  same  manner  as  the  sample,  in  a  second  tube  and  dilute 
almost  to  the  mark.  Titrate  into  this  second  tube  with  the  stand¬ 
ard  permanganate  solution  from  a  10-cc.  buret  (preferably 
graduated  in  twentieths  of  a  cubic  centimeter)  until  its  color 
matches  that  of  the  sample  wfien  diluted  to  the  same  volume.  Mix 
the  contents  of  the  tube  by  pouring  into  a  small  beaker  and 
stirring,  not  by  shaking  in  the  stoppered  tube  or  by  using  the 
hand  as  a  stopper. 

Calculation. 


Cc.  of  standard  KMn04  solution  added  X  0.01 
weight  of  sample  in  aliquot 


%  of  manganese 


Applicability  and  Accuracy 

These  procedures  have  been  checked  on  samples  of  azo, 
sulfur,  basic,  and  vat  colors,  intermediates,  rubber  chemicals, 
and  rubber,  both  as  produced  and  after  the  addition  of  known 
amounts  of  copper  and  manganese.  Both  elements  can  be 
determined  in  these  products  in  the  presence  of  iron,  lead, 
zinc,  barium,  aluminum,  and  small  amounts  of  cadmium,  and 
in  the  presence  of  each  other.  The  methods  may  be  applied 
to  other  materials  such  as  fabrics,  pigments,  and  inorganic 
chemicals,  provided  other  metals  are  not  present  in  inter¬ 
fering  amounts. 

The  accuracy  of  both  methods  is  about  ±5.0  per  cent  of 
the  amount  of  metal  present.  In  some  cases  as  little  as  0.0002 
per  cent  (0.01  mg.)  of  copper  and  0.0001  per  cent  (0.005  mg.) 
of  manganese  may  be  detected  on  5-gram  samples.  The 
amount  of  copper  in  the  solution  to  be  compared  should  not 
exceed  0.1  mg.  per  100  cc.  (10  cc.  of  the  standard  copper 
solution);  above  this  concentration  the  color  becomes  too 
intense  for  satisfactory  matching. 


96 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  2 


Discussion 

In  developing  the  above  methods  the  indicators,  potassium 
ferrocyanide  and  potassium  periodate,  were  first  tried  on 
aqueous  solutions  containing  known  amounts  of  copper  and 
manganese.  Later,  sodium  diethyldithiocarbamate  was  in¬ 
vestigated  as  the  indicator  for  copper  and  found  to  be  more 
sensitive.  Following  the  establishment  of  satisfactory  in¬ 
dicators  the  destruction  of  the  organic  matter  was  investi¬ 
gated.  Obviously,  the  organic  matter  must  be  completely 
destroyed  without  the  loss  of  copper  or  manganese  or  the  intro¬ 
duction  of  appreciable  amounts  of  the  same  or  interfering  sub¬ 
stances.  Ignition  in  porcelain  or  platinum  crucibles  had  been 
used  and  found  unsuitable  in  most  cases,  owing  to  the  forma¬ 
tion  of  insoluble  residues.  Ashing  in  porcelain  frequently  re¬ 
sults  in  contamination  with  siliceous  matter  or  losses  due  to 
embedding  of  part  of  the  copper  or  manganese.  Platinum 
ware  is  sometimes  attacked  and  if  platinum  is  dissolved  it  in¬ 
terferes  with  the  copper  determination.  Wet  digestion  with 
mixed  acids  is  somewhat  longer  than  ashing  but  gives  more 
accurate  results  because  of  the  solubilizing  action  of  the  acids. 
An  excellent  article  by  Hiltner  (ft)  emphasizes  the  benefits  of 
the  acid  digestion  procedure. 

Summary 

Methods  have  been  described  for  the  determination  of  small 
quantities  of  copper  and  manganese  in  dyes,  intermediates, 
rubber  chemicals,  and  rubber,  which  may  contain,  in  addition 


to  copper  and  manganese,  iron,  lead,  zinc,  barium,  aluminum, 
and  small  amounts  of  cadmium.  Materials  containing  other 
metals  may  require  special  treatments. 

Both  methods  are  accurate  within  ±5.0  per  cent  of  the 
amount  of  metal  present.  Under  best  conditions  amounts  as 
low  as  0.0002  per  cent  of  copper  and  0.0001  per  cent  of 
manganese  may  be  determined  on  5-gram  samples. 
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Stability  of  Peroxidized  Titanium  Solutions 

GILBERT  II.  AYRES  AND  EDMAY  M.  VIENNEAU 
Smith  College,  Northampton,  Mass. 


N  THE  colorimetric  determination  of  titanium  by  the 
hydrogen  peroxide  method  (4-),  the  color  comparison  is 
usually  made  by  the  method  of  balancing,  dilution,  or  duplica¬ 
tion.  For  the  analysis  of  titanium  in  bauxite,  Gautier  ( 1 ) 
recommended  comparison  with  a  series  of  standards,  but  indi¬ 
cated  that  the  color  was  so  unstable  that  renewal  of  standards 
was  necessary  after  8  days.  He  therefore  ( 2 )  proposed  the 
use  of  helianthin,  or  methyl  orange  III,  for  the  preparation 
of  artificial  standards  which  do  not  fade. 

The  data  presented  herewith  show  that  the  color  of  titanium 
by  the  hydrogen  peroxide  method  is  stable  over  a  period  of 
at  least  2  years. 


Table  I.  Light  Absorption  by  Peroxidized  Titanium 
Solutions 


Concentration 

From  Standard  A 

From  Standard  B, 

of  Ti 

November,  1936 

November,  1938 

November,  1938 

Mg. /I. 

% 

% 

% 

4 

6.0 

6.0 

5.4 

8 

8.6 

9.2 

8.6 

12 

10.8 

11.6 

10.6 

16 

12.8 

12.8 

12.6 

20 

14.0 

14.4 

14.6 

24 

15.2 

14.8 

15.4 

28 

16.6 

16.0 

32 

17.8 

17.4 

18’0 

36 

18.8 

18.6 

19.2 

40 

19.8 

19.8 

20.4 

48 

21.2 

20.6 

22.0 

56 

22.8 

22.6 

23.6 

64 

23.6 

24.0 

24.6 

72 

25.0 

25.2 

25.6 

80 

26.6 

26.2 

26.6 

In  November,  1936,  standard  titanum  solution  A  was  pre¬ 
pared  from  pure  titanium  oxide  by  fusion  with  potassium  pyro- 
sulfate  followed  by  solution  in  sulfuric  acid;  the  solution  was 
standardized  gravimetrically.  Suitable  dilutions  were  used  for 
the  development  of  the  yellow  color  by  hydrogen  peroxide. 
Colorimetric  measurements  were  made  with  a  Yoe  (-5)  photo¬ 
electric  colorimeter.  The  second  column  of  Table  I  gives  the 
per  cent  of  light  absorption  by  these  solutions.  Column  three 
shows  the  light  absorption  by  the  same  solutions  in  November, 
1938 — that  is,  after  standing  for  2  years.  During  this  time  the 
samples  were  stored  in  glass-stoppered  Pyrex  bottles,  but  no 
special  precautions  were  taken  to  protect  them  from  light. 
Column  four  shows  the  results  obtained,  also  in  November,  1938, 
on  freshly  prepared  samples  made  from  standard  titanium  solu¬ 
tion  B  obtained  from  potassium  titanium  oxalate  by  the  method 
of  Thornton  and  Roseman  (S). 

In  most  cases  the  readings  are  within  the  limit  of  accuracy 
of  the  instrument — namely,  0.4  per  cent  light  absorption. 
At  any  rate,  there  is  no  indication  of  fading  of  the  color.  The 
results  indicate  that  the  yellow  color  of  titanium  in  acid  solu¬ 
tion  of  hydrogen  peroxide  is  entirely  stable,  so  that  the  use  of 
artificial  standards  for  the  purpose  of  obtaining  stability  is 
unnecessary. 
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Estimation  of  Small  Amounts  of  Arsenic 

in  Copper 

BARTHOLOW  PARK 

Michigan  College  of  Mining  and  Technology,  Houghton,  Mich. 


rHREE  ways  of  separating  arsenic  from  copper  are  in 
general  use,  each  depending  upon  a  different  property. 
The  insolubility  of  copper  arsenate  in  slightly  acid  (6,  10,  14) 
r  ammoniacal  (3,  5,  9, 12)  solution  is  the  basis  of  the  precipi- 
ition  method.  All  the  arsenic  may  be  removed  from  copper 
i  this  way  but  the  procedure  is  slow,  requiring  the  filtration 
f  large  amounts  of  liquid  containing  ferric  hydroxide,  which 
i  added  as  a  collector.  The  volatility  of  arsenious  chloride 
lakes  possible  its  separation  from  copper  by  distillation 
t,  2,  9,  11,  13,  16).  This  method  gives  fairly  good  results 
'hen  rather  large  amounts  of  arsenic  are  involved  but  is  open 
3  criticism  on  several  scores :  Comparatively  large  amounts 
f  cuprous  chloride  or  ferric  chloride  are  usually  added,  either 
f  which  may  contain  more  arsenic  than  the  copper  to  be 
nalyzed,  special  apparatus  is  required,  and  the  last  traces  of 
rsenic  are  hard  to  expel. 

The  third  way  of  separating  the  two  metals  depends  upon 
leir  different  behavior  when  a  current  is  passed  through  a 
trongly  acid  solution  containing  them.  The  electrolytic 
iparation  of  copper  from  arsenic  (7,  9)  has  been  known  for  a 
>ng  time,  and  may  be  carried  out  simply  and  accurately,  al- 
liough  Heath  states  (9)  that  electrolytic  separations  cannot 
e  considered  as  reliable  as  methods  in  which  the  arsenic 
roup  is  separated  from  the  bulk  of  the  copper  by  a  special 
recipitant. 

Preparation  of  Arsenic-Free  Copper 

Arsenic-free  copper  was  prepared  from  refined  copper  low  in 
rsenic  by  electrolyzing  10  grams  of  copper  dissolved  in  20  cc.  of 
oncentrated  sulfuric  acid  and  20  cc.  of  concentrated  nitric  acid 
l  about  100  cc.  of  water.  After  the  brown  fumes  were  boiled  off 
bout  10  grams  of  tartaric  acid  were  added  and  the  solution  was 
iluted  to  about  350  cc.  A  large  platinum  gauze  cathode  and  a 
latinum  wire  anode  were  used.  A  current  of  about  4  amperes 
t  about  2.5  volts  was  allowed  to  flow  until  nearly  all  the  copper 
ad  been  deposited  and  the  solution  was  faintly  blue  (about  4 
ours).  The  deposited  copper  was  removed  from  the  solution, 
•ashed  well,  and  then  dissolved  and  reelectrolyzed  as  before, 
'he  copper  was  dissolved  a  third  time,  0.5  mg.  of  arsenic  added, 
nd  the  electrolysis  repeated.  Each  of  the  three  residual  solu- 
ions  was  neutralized  with  ammonium  hydroxide  and  then  acidi- 
ed  with  3.4  cc.  of  1  to  1  hydrochloric  acid  per  100  cc.  as  recom- 
lended  by  Di  Pascal  (8).  Hydrogen  sulfide  was  passed  through 
he  hot  solutions  until  they  cooled.  The  sulfides  were  filtered 
ff  on  a  Jena  glass  filter  and  boiled  with  concentrated  nitric  acid, 
'he  solutions  of  the  sulfides  were  filtered  and  then  concentrated 
o  5  cc.,  0.4  cc.  of  the  concentrates  was  measured  into  hollowed 
raphite  electrodes,  and  the  dried  electrodes  were  subjected  to 
pectrographic  analysis. 

The  estimations  were  made  by  comparison  with  standard 
olutions  according  to  the  method  of  Nitchie  (15).  The  lines 
t  2780.23  A.  and  2860.46  A.  were  found  to  be  well  suited  for 
his  purpose.  The  smallest  amount  of  arsenic  to  give  a  visible 
ne  was  5  micrograms.  These  analyses  showed :  first,  residual 
olution,  a  trace  of  arsenic;  second,  no  spectrographic  trace; 
hird,  about  0.5  mg.  Therefore,  under  these  conditions  of 
lectrolysis  any  arsenic  present  remains  in  the  residual  solu- 
ion.  All  other  estimations  referred  to  in  this  paper  were 
aade  in  the  same  way. 

A  series  of  runs  was  made  to  determine  the  effect  of  acid  con- 
entration  on  the  separation  of  copper  from  arsenic.  Solutions 
/ere  prepared  from  arsenic-free  copper  by  dissolving  as  before  in 
mixture  of  sulfuric  and  nitric  acids.  Instead  of  being  electro- 
yzed  directly  the  solutions  were  neutralized  with  ammonium 


hydroxide,  and  a  known  amount,  20  mg.,  of  pentavalent  arsenic 
was  added  to  each.  Electrolysis  was  carried  out  with  a  current 
of  about  2  amperes  at  about  2  volts  until  all  but  a  small  amount  of 
copper  had  been  deposited.  The  deposited  copper  was  redis¬ 
solved  and  electrolyzed  again  under  the  conditions  described  for 
the  preparation  of  arsenic-free  copper.  Each  solution  contained 
10  grams  of  copper  in  a  volume  of  350  cc. 

Table  I.  Deposition  of  Arsenic 
HNO3  Arsenic  Deposited 

Cc.  Mg. 

1  20 

2  15 

3  Trace 

4  None 

6  None 

8  None 

The  results  (Table  I)  show  that  pentavalent  arsenic  does 
not  deposit  with  copper  if  sufficient  nitric  acid  is  present. 
Torrance  (17)  has  shown  that  trivalent  arsenic  will  deposit 
from  hydrochloric  acid  solution  but  that  the  pentavalent  form 
will  not.  It  was  thought  advisable  to  check  this  work  and 
also  to  find  out  whether  trivalent  arsenic  would  deposit  from 
a  nitric  acid  solution.  A  series  of  runs  was  made,  the  results 
of  which  are  given  in  Table  II.  In  each  case  10  grams  of 
copper  dissolved  in  20  cc.  of  concentrated  sulfuric  acid  and 
20  cc.  of  concentrated  nitric  acid  were  present  in  a  volume  of 
about  350  cc.  Because  trivalent  arsenic  forms  a  complex  with 
tartaric  acid  (4),  some  tartaric  acid  was  added  to  find  out 
whether  or  not  its  presence  would  retard  the  deposition  of 
arsenic.  Runs  were  also  made  to  see  whether  larger  amounts 
of  arsenic  could  be  successfully  separated. 


Table  II.  Deposition  op  Trivalent  Arsenic 


Arsenic 

Present 

Valence 

HC1 

Tartaric 

Acid 

Arsenic 

Deposited 

Mg. 

Cc. 

Grams 

Mg. 

20 

3 

None 

20 

3 

io 

20 

20 

3 

10 

io 

Trace 

20 

5 

None 

20 

5 

io 

None 

20 

5 

io 

None 

200 

5 

io 

None 

The  results  of  these  experiments  lead  to  the  following  con¬ 
clusions.  Neither  tri-  nor  pentavalent  arsenic  deposits  with 
copper  from  strong  acid  solutions  which  are  free  from  chlo¬ 
rides.  Trivalent  arsenic  deposits  from  strong  acid  solutions 
containing  chlorides,  but  the  pentavalent  form  does  not. 
Tartaric  acid  greatly  reduces  the  tendency  toward  deposition. 
Arsenic  deposits  from  slightly  acid  solutions. 

Recommended  Procedure 

Dissolve  10  grams  of  sample  in  100  cc.  of  water  containing  20 
cc.  each  of  concentrated  sulfuric  and  nitric  acids.  Boil  off  brown 
fumes,  add  10  grams  of  tartaric  acid  dissolved  in  water,  dilute  to 
about  350  cc.,  and  electrolyze  until  nearly  all  the  copper  is  de¬ 
posited.  Remove  and  wash  the  electrodes.  Neutralize  the 
electrolyte  with  ammonium  hydroxide  and  then  add  3.4  cc.  of  1 
to  1  hydrochloric  acid  for  each  100  cc.  of  solution.  Pass  hydro¬ 
gen  sulfide  until  all  sulfides  are  precipitated.  Let  settle,  filter, 
and  dissolve  by  boiling  with  concentrated  nitric  acid.  Filter, 
and  concentrate  to  5  cc.  This  concentrate  should  contain  all  the 
arsenic  from  the  original  sample.  The  final  estimation  of  the 
amount  present  may  be  made  spectrographically  or  by  any  other 
convenient  method. 

As  a  final  check  on  this  method  0.25  mg.  of  arsenic  was 
added  to  50  grams  of  copper  which  had  been  deposited  three 
consecutive  times  under  the  conditions  first  described.  The 
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last  two  residual  solutions  from  these  deposits  showed  no 
trace  of  arsenic.  This  was  run  as  a  sample,  and  all  the  added 
arsenic  appeared  in  the  concentrate. 
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Qualitative  Test  for  Ethyl  Vanillin  in 

Vanilla  Extract 

HOWARD  W.  CHENOWETH 
Virginia  Dare  Extract  Co.,  Inc.,  Brooklyn,  N.  Y. 


The  undeclared  addition  of  small  amounts 
of  ethyl  vanillin  to  pure  vanilla  extracts 
constitutes  an  adulteration  which  cannot 
be  detected  by  the  usual  methods  of  analy¬ 
sis. 

A  new  method  definitely  indicates  the 
addition  of  0.5  gram  or  more  of  ethyl  vanil¬ 
lin  to  3.785  liters  of  vanilla  extract.  The 
source  or  kind  of  vanilla  bean  used  does  not 
affect  the  results.  The  test  is  simple  to  per¬ 
form  and  only  usual  laboratory  reagents  are 
required. 

THE  ethyl  ester  of  protocatechuic  aldehyde  is  known 
erroneously  as  “ethyl  vanillin”  and  commercially  bears 
several  trade  names,  the  most  popular  of  which  is  “Bour- 
bonal”.  In  intensity  of  taste  and  odor,  this  compound  is  three 
to  four  times  as  strong  as  vanillin.  Ethyl  vanillin  melts  ap¬ 
proximately  4°  C.  lower  than  regular  vanillin  but  the  com¬ 
pounds  are  chemically  similar.  Since  ethyl  vanillin  possesses 
such  flavoring  strength  and  reacts  in  so  many  ways  like  vanil¬ 
lin,  the  flavor  manufacturer  is  tempted  to  fortify  his  pure 
vanillas  by  the  judicious  additions  of  small  amounts  of  ethyl 
vanillin.  Such  small  additions,  usually  on  the  order  of  a 
few  grams  per  gallon,  materially  strengthen  the  flavor  of  the 
product  but  do  not  alter  the  analyses  sufficiently  to  indicate 
adulteration.  The  determination  of  the  melting  point  of  the 
residue  from  the  ether  extraction  does  not  indicate  the  pres¬ 
ence  of  ethyl  vanillin  unless  a  considerable  quantity  has  been 
added. 

A  search  of  the  literature  shows  no  chemical  tests  that  in¬ 
dicate  the  addition  of  ethyl  vanillin  to  vanilla  extract.  How¬ 
ever,  several  reports  ( 2 ,  8)  published  in  Germany  set  forth 
methods  for  chemically  distinguishing  vanillin  and  ethyl 
vanillin  in  the  pure  state  and  in  mixtures  with  powdered  sugar. 
The  writer  has  devised  a  modification  of  these  methods,  by 
which  the  addition  of  as  little  as  0.5  gram  of  ethyl  vanillin  to 
3.785  liters  (1  gallon)  of  vanilla  extract  is  easily  and  defi¬ 
nitely  detected.  Several  samples  of  commercial  vanilla  ex¬ 
tracts  which  purported  to  be  pure  were  examined  and  gave 


very  positive  results,  indicating  the  addition  of  ethyl  vanillin 
and  proving  the  existence  of  this  type  of  adulteration. 

Procedure 

Dealcoholize  50  cc.  of  the  sample,  treat  with  lead  acetate 
solution,  and  extract  with  ether  in  exactly  the  manner  prescribed 
in  the  official  A.  0.  A.  C.  gravimetric  method  for  vanillin  (I). 
Place  the  ether  extract  in  a  small  beaker  and  allow  the  residue 
to  remain  overnight  in  a  desiccator.  Then  add  1  cc.  of  an  acid 
solution  made  by  diluting  2  parts  of  concentrated  hydrochloric 
acid  with  1  part  of  water.  Place  the  beaker  in  a  water  bath  at 
55°  C.  until  the  residue  is  dissolved,  then  pour  the  solution  into 
a  medium-sized  test  tube.  Use  no  wash  water,  as  a  quantitative 
transfer  is  not  required.  Add  1  cc.  of  3  per  cent  hydrogen  per¬ 
oxide  solution  to  the  test  tube,  and  shake  frequently  while  the 
color  changes  to  yellow,  brown,  then  red.  Finally  a  deep  purple 
color  appears  and  a  blue  precipitate  forms. 

After  standing  15  minutes  add  5  cc.  of  benzene  and  place  the  test 
tube  in  the  water  bath  at  55°  C.  Shake  frequently  and  allow  the 
test  tube  to  remain  in  the  water  bath  until  the  lower  aqueous 
layer  becomes  a  dirty  yellowish  brown  (about  15  to  20  minutes). 
Then  remove  it  from  the  water  bath  and  carefully  pour  or  pipet 
a  major  portion  of  the  benzene  layer  into  a  small  dry  test  tube. 
If  the  benzene  is  colored  violet,  ethyl  vanillin  is  present  in  the 
original  sample.  In  the  absence  of  ethyl  vanillin,  the  benzene 
is  colored  a  light  or  dirty  yellow. 

Discussion 

Several  different  compounds  have  been  identified  in  vanilla 
extracts  prepared  from  beans  of  varying  geographic  origin— 
for  example,  cinnamic  acid  esters  from  Bourbon  beans,  and 
anisic  alcohol  and  aldehyde  from  Tahiti  beans.  For  this  rea¬ 
son,  standard  extracts  were  prepared  from  Mexican,  Bourbon, 
Tahiti,  and  Java  beans  and  blank  determinations  were  car¬ 
ried  out  on  these  samples.  In  no  case  was  the  slightest  posi¬ 
tive  result  obtained,  indicating  that  the  origin  or  variety  of 
the  bean  does  not  affect  the  results  of  this  test. 

In  an  endeavor  to  establish  the  fact  that  this  method  is 
specific  for  ethyl  vanillin,  tests  were  carried  out  with  the  addi¬ 
tion  of  coumarin,  heliotropine,  and  several  so-called  “vanillin 
esters”.  None  of  the  compounds  tested  gave  the  character¬ 
istic  violet  color  which  the  presence  of  ethyl  vanillin  imparts 
to  the  benzene  layer,  and,  therefore,  it  is  safe  to  assume  that 
of  the  various  compounds  which  might  logically  be  en¬ 
countered,  this  method  is  specific  for  ethyl  vanillin. 

A  series  of  experiments  was  made  to  determine  the  sensi¬ 
tivity  of  this  method,  and  it  was  found  that  the  addition  of 
13.2  mg.  of  ethyl  vanillin  to  100  cc.  of  standard  vanilla  extract 
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0.5  gram  per  gallon)  could  be  positively  detected.  However, 
,n  experienced  operator,  exercising  sufficient  care,  can  easily 
trove  the  addition  of  as  little  as  6.6  mg.  per  100  cc.  (0.25  gram 
ter  gallon).  In  an  adulteration  of  this  kind  little  is  gained  by 
dding  less  than  1  gram  of  ethyl  vanillin  per  gallon. 

Each  detail  of  this  test  must  be  carried  out  exactly  as  de- 
cribed.  While  working  with  the  original  test  described  by 
Stadler  and  Wagner,  positive  results  were  frequently  obtained 
phen  ethyl  vanillin  was  definitely  known  to  be  absent.  An 
uvestigation  into  the  causes  of  these  inconsistencies  revealed 
hat  the  merest  trace  of  ether  or  of  ethyl  alcohol  resulted  in  a 
>ositive  test.  For  this  reason  it  is  imperative  that  the  residue 
rom  the  ether  extraction  remain  overnight  in  a  desiccator, 
rhe  dried  residue  should  not  be  transferred  to  the  test  tube 
pith  ether  or  alcohol  but  should  first  be  dissolved  in  the  acid 
olution  prepared  as  described.  Additional  experimentation 
howed  that  positive  results  might  be  obtained  in  the  absence 
if  ethyl  vanillin  if  the  residue  were  dissolved  in  too  concen- 
rated  hydrochloric  acid.  Solution  of  the  residue  was  very 
lifficult  to  effect  with  dilute  acid,  but  repeated  tests  estab- 
ished  the  fact  that  1  cc.  of  an  acid  prepared  by  diluting  2 
larts  of  concentrated  hydrochloric  acid  with  1  part  of  water 


gave  consistent  results  in  every  case.  The  use  of  3  per  cent 
hydrogen  peroxide  preserved  with  acetanilide  in  no  way 
affected  the  results  of  the  test. 

The  removal  of  the  benzene  layer  from  the  aqueous  phase  is 
an  important  step  in  the  development  of  this  test.  If  the 
benzene  is  left  in  contact  with  the  acid,  the  violet  color  formed 
in  the  presence  of  ethyl  vanillin  fades  out  very  rapidly.  How¬ 
ever,  by  transferring  a  portion  of  the  benzene  layer  into  a 
dry  test  tube,  the  permanence  of  this  color  is  assured  for 
many  hours. 

At  the  present  time  the  quantitative  aspects  of  this  test 
are  being  studied.  There  are  indications  that  at  least  semi- 
quantitative  results  may  be  obtained,  but  sufficient  work  has 
not  as  yet  been  completed  to  warrant  including  in  this  report 
a  discussion  of  this  problem. 
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Measuring  the  Permeability  of  Rubber 

to  Various  Gases 

A.  S.  CAR P ENTER  AMD  D.  F.  TWISS,  Dunlop  Rubber  Co.,  Birmingham,  England 


CONSIDERABLE  difficulty  has  been  experienced  in 
assessing  the  ability  of  sheets  of  rubberlike  materials  to 
esist  permeation  by  gases.  The  slowness  of  the  process  in 
he  most  important  case  of  the  “permanent”  gases  neces- 
itates  special  experimental  conditions  to  give  a  compara- 
ively  great  permeation  rate,  and  so  introduces  several  factors 
s'hich  tend  to  decrease  the  trustworthiness  of  the  results. 
Lmong  the  difficulties  introduced  may  be  mentioned  the 
reparation  of  suitable  test  pieces  (thin,  uniform  sheets  free 
rom  pinholes),  accurate  temperature  control  of  bulky  ap- 
>aratus,  the  prevention  of  deformation  of  the  sheets,  and 
he  measurement  of  the  quantities  of  gas  passed  after  reason- 
ible  periods  of  time.  Moreover,  in  investigations  which 
lo  not  approximate  the  conditions  under  which  the  material 
s  to  be  employed  in  practice,  interfering  factors  may  be 
ntroduced  which  may  make  results  worthless  even  though 
hey  may  be  reproducible.  For  example,  when  the  experi- 
nental  conditions  are  such  as  to  give  comparatively  rapid 
jermeation  rates,  rate  of  solution  and  of  evaporation  of  gas 
nay  be  influential  factors,  whereas  under  the  conditions 
n  which  the  material  is  to  be  used  in  practice,  the  governing 
actor  may  be  the  rate  of  diffusion  of  dissolved  gas  in  the 
naterial. 

The  indirect  method  of  assessing  permeability,  outlined 
>elow,  overcomes  in  a  large  measure  the  difficulties  of  the 
lirect  method,  and  also  gives  independent  values  for  the  two 
actors  which  are  shown  to  govern  permeability. 

Diffusion  of  Gases 


constant,  an  equilibrium  is  attained  at  which  dissolved  gas  is 
uniformly  distributed  throughout  the  material.  This  satura¬ 
tion  concentration  is  dependent  upon  the  chemical  nature  of 
the  solute  and  of  the  solvent,  upon  the  temperature,  and  upon 
the  gas  pressure.  If,  after  equilibrium  has  been  attained,  the 
gas  pressure  is  changed  isothermally  and  maintained  at  a  new 
value,  gas  dissolves  or  evaporates  at  the  surface,  according, 
respectively,  as  the  new  pressure  is  greater  or  less  than  the 
original  pressure,  and  diffusion  takes  place  in  the  body  of 
the  solvent  material  until  a  new  equilibrium  is  reached  at 
which  dissolved  gas  is  once  more  uniformly  distributed  and  at 
the  saturation  concentration  corresponding  with  the  new 
gas  pressure.  We  may  regard  the  dissolution  of  free  gas,  or 
the  evaporation  of  dissolved  gas  in  an  infinitesimally  thin 
layer,  as  occurring  instantaneously  with  change  of  gas  pres¬ 
sure,  and  assume  the  gas  dissolved  in  the  surface  layer  to  be 
always  in  equilibrium  with  the  external  gas.  As,  however, 
in  the  interior  of  the  solvent  material  (as  distinct  from  the 
infinitesimally  thin  surface  layer)  change  of  concentration 
can  take  place  only  by  the  movement  of  dissolved  gas  by 
diffusion  under  a  concentration  gradient,  the  concentration 
of  gas  in  the  interior  is  a  function  of  time. 

When  a  solute  is  not  uniformly  distributed  throughout  a 
solvent  medium  the  change  of  concentration  which  takes 
place  at  any  point  due  to  diffusion  is  given  by  the  Fick’s 
law  relationship 


dc  _  ,  Td*c  . _ d2c  d2c“l 

di  ~  +  5?  +  £>FJ J 


(1) 


Gases  are  soluble  in  rubberlike  substances.  When  such 
ubstances  are  placed  in  a  gas,  solution  takes  place  at  the 
urfaces  and  dissolved  gas  diffuses  into  the  interior.  If  the 
;as  pressure  is  maintained  constant,  or  allowed  to  become 


where  c  =  concentration 
t  =  time 

k  =  diffusion  constant 

x,  y,  and  z  =  coordinates  of  the  point  with  respect  to  rec¬ 
tangular  axes 
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The  diffusion  constant  is  defined  by  the  fundamental  dif¬ 
fusion  relationship 

dQ  =  -k  X  A  XjtX  dt  (2) 

where  Q  =  quantity  of  solute 
l  =  distance 

A  =  cross-section  area  perpendicular  to  the  direction  in 
which  l  is  measured;  its  dimensions  are  (length)2 
(time) 

The  diffusion 
constant  is  char¬ 
acteristic  of  any 
pair  of  substances, 
solute  and  solvent, 
and  is  dependent 
upon  temperature. 

Justification  for 
the  assumption  of 
Equations  1  and  2, 
that  the  diffusion 
constant  is  inde¬ 
pendent  of  the 
actual  concentra¬ 
tion,  is  given  below. 

Permeation  through  a  Uniform  Sheet 

The  mechanism  of  permeation  here  described,  involving 
solution,  diffusion,  and  evaporation,  has  been  clearly  in¬ 
dicated  by  Daynes  ( 1 ).  Consider  a  sheet  of  a  rubberlike 
substance,  of  uniform  thickness,  L,  and  cross-sectional  area, 
A,  separating  two  reservoirs  of  gas  maintained  at  different 
constant  pressures,  p i  and  p2.  Gas  dissolves  at  the  surfaces 
and  diffuses  into  the  interior.  No  static  equilibrium  can 
be  reached  as  the  saturation  gas  concentrations,  corresponding 
with  the  two  gas  pressures,  are  maintained  in  the  respective 
faces  and  a  constant  concentration  difference  is  maintained 
between  them.  A  dynamic  equilibrium  will,  however,  be 
attained  at  which  gas  passes  through  the  sheet  at  a  constant 
rate. 

We  may  assume  Henry’s  law  and  write  c  =  hp,  where  p  = 
gas  pressure,  c  =  equilibrium  gas  concentration  in  the  material — 
i.  e.,  the  solubility  at  gas  pressure  p — and  h  =  proportionality 
constant  characteristic  of  the  solute  and  solvent.  The  simpler 
diffusion  Equation  2  may  be  applied  and  used  to  show,  first, 
that 


c  =  Ci  +  (C2  —  Ci) 

where  c  is  the  gas  concentration  at  a  point  distant  l  from  the 
face  in  contact  with  the  gas  at  pressure  px,  and  Ci  and  C2  are  the 
equilibrium  gas  concentrations  corresponding  with  gas  pressures 
Pi  and  p2,  respectively — i.  e.,  Ci  =  hpx  and  Ci  =  hp2 — that  is,  the 
concentration  varies  linearly  with  distance  from  one  face. 
Secondly,  it  can  be  deduced  that 

Q  =  (3) 

In  this  relationship,  the  factors  characteristic  of  the  materials 
are  k  and  h,  and  with  standardized  experimental  conditions  we 
may  write 


Q  =  (constant)  X  kh  (4) 

Or,  in  a  comparison  of  the  resistance  offered  by  sheets  of  mar 
terials  to  the  passage  of  gases, 


Qa  •  Qb  •  Qc  ••  kaha  .  kbhb  •  kchg 

where  Qa,  Qb,  Qc - are  the  quantities  of  the  gases  passing,  and 

kaha,  kbhb,  kchc  -  are  the  corresponding  products  of  the  dif¬ 

fusion  constant  and  the  Henry’s  law  constant  for  the  correspond¬ 
ing  combinations  of  rubberlike  substance  and  gas. 


Absorption  by  a  Block 

Considering  now  the  change  in  the  total  quantity  of  gas 
dissolved  in  a  solid  block  of  rubberlike  material,  when  after 
attaining  equilibrium  in  the  gas  at  one  pressure,  the  pressure 
is  instantaneously  and  isothermally  changed  and  maintained 
at  a  new  value,  the  total  quantity  of  gas,  q,  dissolved  at  any 
time  is  given  by 


9  = 


c  X  dx  X  dy  X  dz 


(5) 


where  c,  the  concentration  of  gas  dissolved  in  the  element  of 
volume  dx  X  dy  X  dz  at  the  point  x,  y,  z,  is  given  by  the 
Fick’s  law  relationship,  Equation  1.  It  is  possible,  under 
the  above  conditions  of  gas  pressure,  and  limiting  con¬ 
sideration  to  certain  geometric  shapes  for  the  block  of  ma¬ 
terial,  to  integrate  the  Fick’s  law  equation  and  evaluate  c  as 
a  function  of  the  product  kt  and  x,  y,  and  z,  and  further,  to 
carry  out  the  integrations  to  determine  q  as  a  function  of  kt 
and  of  the  dimensions  of  the  block  of  material. 

The  particular  geometric  shape  of  the  block  which  we  con¬ 
sider  here  (Figure  1)  is  that  of  a  right-rectangular  prism  of 
dimensions  X,  Y,  and  Z,  and  we  discuss  the  three  particular 
cases  in  which  (1)  two  pairs  of  opposite  faces  are  impermeable, 
the  pair  of  faces  of  dimensions  YZ  only  being  permeable; 

(2)  one  pair  of  opposite  faces  is  impermeable,  the  two  pairs  of 
faces  of  dimensions  YZ  and  XZ  only  being  permeable;  and 

(3)  all  six  faces  are  permeable. 

The  condition  of  impermeability,  or  negligible  permeability, 
is  easily  experimentally  realized  either  by  the  obvious  method 
of  the  application  of  impermeable  coatings — e.  g.,  of  tinfoil — 
by  means  of  a  suitable  adhesive,  or  by  employing  test  pieces 
the  dimensions  of  which  are  great  in  certain  directions — 
for  example,  case  1  is  met  by  employing  a  sheet  of  relatively 
thin  material  of  great  area  and  case  2  by  a  rectangular- 
sectioned  prism  of  great  length. 

In  the  first  case,  diffusion  of  dissolved  gas  may  be  regarded 
as  taking  place  in  one  direction  only  (parallel  to  the  axis  of 
x);  in  the  second  case,  in  two  directions  at  right  angles 
(parallel  to  the  axes  of  x  and  y)]  and  in  the  third  case,  in 
three  directions  at  right  angles  (parallel  to  the  axes  of  x,  y, 
and  z).  In  spite  of  the  simplicity  of  these  conditions,  in 
no  case  is  it  possible  to  obtain  a  simple  expression  for  c,  the 


kt  =  oo 
kt=3.0 

kt=2.0 
kt=  1.5 

kt = 1 .0 
kt=0.75 

kt*0.5 

kt»0.25 


x(  DISTANCE  FROM  SURFACE  AS  A  FRACTION 
OF  THE  THICKNESS.) 

Figure  2.  Variation  of  Fractional  Concentration 
of  Gas  in  a  Sheet  with  Distance  from  Surface 
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oncentration  of  gas  at  the  point  x,  y,  z,  from  the  Fick’s 
iw  equation;  solutions  can,  however,  be  obtained  in  series 
jrm.  These  may  be  written 


C  —  Cp 
Cro  Co 

C  —  Cp 
cm  Co 


C  —  Cp 
c  CO  Co 


_  iV'! 

tt  /  JU 

_  i& 

it2  /  jrm 


kn  X*1  .  TC 

e  sine  n-^  x 

n  X 


2  +  niYi)1 


(6) 


in  ■  m  y  x  X  sine  nyy  (7) 


i  _  i  e  ~k(li  h  +  m2  h  +  n*  h)1 

tt3  /  Am.n 

sine  i^X  sine  m  \  y  X  sine  n  —  z  (8) 

A  I  7 


sheet  of  material  in  which  the  diffusion  constant  of  the  gas  is 
h — i.  e.,  kt  =  fcdi — is  given  by 


I  e"32  h  klU  + 


1  7T^ 

ie"5!  xi**  +  - 


The  series  is  rapidly  convergent  and  can  be  summed  by 
evaluating  the  first  few  terms. 


'here  l,  m,  and  n  are  positive  odd  integers;  c0  = 
oncentration  of  gas  in  the  block  at  equilibrium  under 
be  original  gas  pressure — i.  e.,  the  uniform  concentra- 
ion  at  zero  time — c  m  =  concentration  of  gas  in  the 
lock  at  equilibrium  under  the  new  gas  pressure — i.  e., 
be  uniform  concentration  after  infinite  time — Ch  C2, 
nd  C3  are  the  fractional  increases  in  concentration  at 
be  point  ( x ,  y,  z)  in  cases  1,  2,  and  3,  respectively, 
’he  summations  may  be  carried  out  by  assuming 
articular  values  for  the  product  kt  and  for  x,  y,  and  z. 
’or  example,  the  fractional  increase  in  gas  concentra- 
ion  after  a  time  tu  at  points  one  quarter  of  the  way 

hrougha  sheet  of  material — i.  e.,  x  =  -j — in  which  the 


iffusion  constant  of  the  gas  is  kx — i.  e.,  kt  =  kxti — is 
iven  by 


,  .  4  Tl  -12  X-  kit,  .  TT  , 

i=l - I  rr  e  x 2  sine  -  + 

TT  LI  4 


1  —  32  ~~  kiti  .  „  7 r  , 

»  e  x 2  sine  3  -  + 
3  4 


1  7T‘ 

1  -52  X-kitl  .  -  7T 

■=  e  X 2  sine  5  T 

5  4 


-] 


The  series  is  rapidly  convergent  and  can  be  summed  by 
valuating  the  first  few  terms.  Figure  2,  which  was  derived 
a  this  way,  shows  the  gas  concentration  at  all  points  through 
sheet  after  several  time  intervals. 

The  quantities  of  gas  absorbed  at  any  time  are  obtained 
rom  relationships  6,  7,  and  8  by  integration  (see  Equation 
),  the  results  again  being  in  series  form.  They  may  be 
written 


f.  =  " 

9 


l  _  9 
'2  —  — 

Q 


h  =  q~ 


-  9o  ,  8^1  -km^-t 

=  *  (9) 

=  1  -  1  e~k  (m2  +  "2  yi)1  fiof 

-  9o  tt *Z^m*n* 6  V  Y  '  (10) 

~  9o  _  ^  _  512  \  ^  1 

-  9o  tt6  /  jVhri- 


ilhr^n2 


-*('■£ +-f;+-s> 

(ii) 


I'here  l,  m,  and  n  are  positive  odd  integers;  go  =  quantity  of 
,as  in  the  block  at  equilibrium  under  the  original  gas  pressure — 
■  e.,  at  zero  time  =  quantity  of  gas  in  the  block  at 
quilibrium  under  the  new  gas  pressure — i.  e.,  after  infinite 
imc  and  Qlt  Q2,  and  Q3  are  the  fractional  increases  in  the 
juantities  of  gas  absorbed  in  cases  1,  2,  and  3,  respectively, 
he  summations  may  be  carried  out  by  assuming  particular 
alues  for  the  product  kt.  For  example,  the  fractional  in- 
rease  in  the  quantity  of  gas  absorbed  after  a  time  h  by  a 


Figure  3.  Variation  of  Fractional  Quantity  of  Gas 
Absorbed  by  Sheet,  Square-Section  Rod,  and  Cube 
with  Time 

It  is  to  be  noted  that  Qu  Q2,  and  Q3  are  independent  of  q0, 
<?co ,  k,  and  f  and  are  dependent  only  upon  x,  y,  z,  and  the 
product  kt.  That  is,  two  identical  blocks  of  materials  in 
which  the  diffusion  constants  of  the  gases  are  ki  and  k2 
reach  the  same  degree  of  fractional  saturation  after  times 
ti  and  <2  which  bear  the  relation  t3/t2  =  k2/kx. 

Relationships  9,  10,  and  11  may  be  simplified,  as  may  also 
6,  7,  and  8,  by  considering  test  pieces  the  dimensions  of  which 
are  equal  in  the  directions  in  which  diffusion  takes  place  and 
by  choosing  units  of  length  such  that  these  dimensions  are 
equal  to  tt  units;  or,  in  other  words,  by  considering,  for 
example,  (1)  an  infinite  sheet  of  thickness  tt  units  of  length 
( X  =  r);  (2)  an  infinite  rod  of  square  cross  section  ir  X  t 
(units  of  length)2,  (X  =  Y  =  71);  and  (3)  a  cube,  jrXxX  ir 
(units  of  length)3,  (X  —  Y  =  Z  =  ir). 

Relationships  9,  10,  and  11  reduce  to 


Q 1  = 

1  -  S 

(12) 

and 

Q  2  — 

1  -  S 2 

(13) 

Qs  = 

1  -  S3 

(14) 

where 

V  -  8 

\  1  1  ^  —  n^kt 
/  j  n2 

and  n  is  a 

positive  odd  integer. 

Table  I  gives  the  values  of  Qu  Q2,  and  Q3  for  a  range  of 

O  2 

values  of  kt;  it  also  includes  the  values  of  ~  for  these  values 


of  kt.  It  is  seen  from  the  table  that,  up  to  a  value  of  about  0.6 
Q12 

for  Qi,  the  value  of  yy  remains  substantially  constant.  This 

is  a  purely  empirical  relationship.  Figure  3  gives  the  values 

of  Table  I  plotted  graphically.  This  constancy  of  —■  in  the 

experimental  results  of  investigations  covering  only  an  initial 
fraction  of  the  absorption  has  led  to  an  erroneous  assumption 
that  this  law  applies  over  the  whole  absorption  period;  the 
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Table  I. 

Quantities  of 

Gases  Absorbed 

kt 

Qi 

Qi 

Qz 

Qi_2 

kt 

0.05 

0.1606 

0.2954 

0.4087 

0.51600 

0.1 

0.2272 

0.4027 

0.5383 

0.51600 

0. 15 

0.2782 

0.4790 

0.6240 

0.51601 

0.2 

0.3214 

0.5393 

0.6873 

0.51602 

0.25 

0.3592 

0.5876 

0.7369 

0.51602 

0.3 

0.3934 

0.6321 

0.7769 

0.51600 

0.35 

0.4249 

0.6691 

0.8097 

0.51599 

0.4 

0.4542 

0.7021 

0.8374 

0.51574 

0.45 

0.4816 

0.7314 

0.8607 

0.51538 

0.5 

0.5074 

0.7573 

0.8805 

0.51484 

0.55 

0.5317 

0.7807 

0.8973 

0.51402 

0.6 

0.5547 

0.8016 

0.9117 

0.51290 

0.65 

0.5766 

0.8207 

0.9241 

0.51147 

0.7 

0.5973 

0.8378 

0.9347 

0.50970 

0.75 

0.6170 

0.8533 

0.9438 

0.50760 

0.8 

0.6357 

0.8673 

0.9516 

0.50517 

0.85 

0.6535 

0.8801 

0.9584 

0.50248 

0.9 

0.6704 

0.8914 

0.9642 

0.49940 

0.95 

0.6865 

0.9017 

0.9692 

0.49609 

1.0 

0.7018 

0.9119 

0.9738 

0.49252 

1.2 

0.7559 

0.9404 

0.9854 

0.47611 

1.4 

0.8001 

0.9600 

0.9920 

0.45726 

1.6 

0.8363 

0.9732 

0.9956 

0.43717 

1.8 

0.8660 

0.9820 

0.9976 

0.41665 

2.0 

0.8903 

0.9880 

0.9987 

0.39632 

2.5 

0.9335 

0.9956 

0.9997 

0.34854 

3.0 

0.9596 

0.9984 

0.30697 

3.5 

0.9755 

0.9994 

0.27189 

4.0 

0.9852 

0.9998 

0.24263 

continued  absorption  over  long  periods  implied  by  this  as¬ 
sumption  has  been  explained  as  being  due  to  swelling  ( 6 ) . 

All  the  foregoing  considerations  have  been  based  upon  the 
assumption  that  the  diffusion  constant  is  independent  of 
concentration.  This  assumption  is  justified  on  two  grounds. 
In  the  first  place,  diffusion  arises  out  of  the  molecular  move¬ 
ment,  and  the  diffusion  law,  stated  in  Equation  2,  is  a  neces¬ 
sary  consequence  of  the  kinetic  theory,  assuming  only  that 
there  is  no  mutual  interference  between  the  diffusing  mole¬ 
cules — i.  e.,  assuming  conditions  comparable  with  those  under 
which  the  gas  laws  may  be  applied  to  solutions.  In  the  case 
of  the  “permanent”  gases  with  which  we  are  here  primarily 
concerned,  the  solubilities  are  so  low  under  all  normal  condi¬ 
tions  of  gas  pressure  and  temperature  as  to  be  well  within 
the  range  of  noninterference  between  their  molecules.  For 
example,  soft  rubber  at  30°  C.  dissolves  about  5.5  X  10-2  cc. 
of  nitrogen  measured  at  normal  temperature  and  pressure  per 
cc.,  per  atmosphere  pressure.  The  saturation  concentration 
of  nitrogen,  therefore,  at  30°  C.  under  a  pressure  of  3  atmos¬ 
pheres  (the  highest  pressure  which  would  normally  be  met 
with  in  practice)  is  0.0074  gram  molecule  per  liter.  In  the 
second  place,  there  is  ample  experimental  evidence  that  the 
solubility  of  gases  in  rubberlike  substances  obeys  Henry’s 
law  (2, 5,  7) ;  furthermore,  the  available  experimental  evidence 
shows  that  permeation  rates  are  proportional  to  pressure  dif¬ 
ference  ( 1 ,  4).  It  is  readily  realized  that  these  conditions 
necessitate  the  independence  of  the  diffusion  constant  of 
concentration. 

Application  of  Absorption  Experiments  to 
Measurement  of  Permeability 

Relationships  12,  13,  and  14  show  that  in  all  cases  the 
fractional  increase  in  the  quantity  of  gas  absorbed  is  de¬ 
pendent  only  upon  the  product  of  the  diffusion  constant  and 
time.  Furthermore,  the  total  quantity  of  gas  absorbed  at 
equilibrium  is  independent  of  the  diffusion  constant  and 
of  time.  Therefore  experimental  results  giving  the  relation¬ 
ship  between  the  quantity  of  gas  absorbed  and  time  can  be 
used  to  evaluate  k  and  h  independently  and  hence  to  evaluate 
the  product,  kh,  which  has  been  shown  to  be  directly  pro¬ 
portional  to  permeability. 

We  assume  the  availability  of  experimental  means  (de¬ 
tailed  below)  of  determining  the  q/t  relationship  and  outline 
methods  of  determining  k  and  h. 


If  the  change  in  the  total  quantity  of  gas  absorbed  after 
infinite  time — i.  e.,  at  saturation— is  q„ 

2.  =  2  *  -  9o  =  v(ca  —  Co)  =  v(p2  -  pi)h 

where  v  is  the  total  volume  of  the  solvent  material,  and 
hence 


v  ( Pt  ~  Pi) 

the  units  depending  upon  those  used  to  measure  quantity  of 
gas  and  gas  pressure. 

For  the  evaluation  of  the  diffusion  constant,  the  experi¬ 
mental  times  (Tx,  T2,  T3,  etc.)  to  reach  any  selected,  suitable 
values  of  the  fractional  increase  in  the  quality  of  gas  absorbed 
are  compared  with  the  corresponding  values  of  the  product 
kt  k2t2,  k3t3,  etc.),  deduced  from  the  appropriate  theo¬ 
retical  relationships  12,  13,  or  14.  This  is  most  conveniently 
carried  out  by  means  of  the  graph  of  Figure  3.  The  cor¬ 
responding  values  of  T  and  kt  are  equated  to  give  values  for 
k  (these  should  be  identical)  and  an  average  is  taken.  The 
following  points  have,  however,  to  be  borne  in  mind.  The 
dimensions  of  the  diffusion  constant  are  (length)3  (time)-1 
and  when  corresponding  values  of  T  and  kt  are  equated  the 
units  of  time  for  the  resulting  value  of  the  diffusion  constant 
are  the  same  as  those  used  in  measuring  T.  The  units  of 
length  have  already  been  chosen  such  that  the  dimensions 
of  the  test  piece,  measured  in  the  direction  in  which  diffusion 
takes  place,  are  7r  units.  If  these  dimensions,  measured  hi 
the  ordinary  units,  are  a  cm.  the  value  of  the  diffusion  con¬ 
stant  deduced  as  above  must  be  multiplied  by  (a/V)3  tc 
give  its  value  with  centimeters  as  the  units  of  length. 


\2 


Figure  4.  Variation  of  Fractional  Quantity  of  Gas 
Absorbed  by  Sheets  of  Different  Thicknesses 
with  Time 

This  method  of  determining  k  may  conveniently  be  modifiec 
in  the  following  way.  It  has  been  shown  (Table  I)  that  th( 

Q  2 

value  of  remains  substantially  constant  ( =  p)  up  to  a  valuf 

of  about  0.6  for  Qi.  In  the  experimental  results,  the  value  oi 
n.2 

should  also  be  constant  ( =  <r)  up  to  this  value  of  Qi.  (Experi¬ 
mental  variation  may  be  overcome  by  averaging  in  any  con¬ 
venient  manner.)  The  value  of  k  is  therefore  obtained  bj 
eliminating  Qi  from 


Oil 

kt 

and 

Qi* 

T 

to  give 

kt 

T  P 
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d  if  k  is  measured  with  centimeters  as  the  units  of  length  and 
e  same  units  of  time  as  in  the  experimental  procedure  (say 
:onds) 


Table  I  shows  that  if  a  value  of  0.514  is  taken  for  p,  the 
ror,  for  values  of  Qi  up  to  about  0.6,  is  less  than  1  per  cent. 
If  the  experimental  results  have  been  obtained  under  con- 
t-ions  which  allow  diffusion  to  take  place  in  more  than  one 
rection,  use  may  be  made  of  the  relationships 

Qi  =  1  -  (1  -  Q 2)1/2 

d 

Qx  =  l  —  (l  —  Qi)* 1'3 

order  that  this  method  may  be  employed  to  determine  k. 
In  connection  with  the  alteration  of  the  numerical  value 
k  with  adjustment  of  the  units  of  length,  a  point  which 
ises  is  the  theoretical  comparison  of  the  absorption  of  gas 
r  specimens  of  different  essential  dimensions.  We  consider 
re  only  the  cases  of  sheets  of  great  area  relative  to  their 
icknesses,  of  square-sectioned  prisms  of  great  length  relative 
their  cross-sectional  dimensions,  and  of  cubes.  Equations 
10,  and  11  are  modified  to 


lere  i  =  1,  2,  or  3  according,  respectively,  as  diffusion  of 
ssolved  gas  takes  place  in  one  direction  only,  or  in  two  or 
ree  directions  at  right  angles  and  where  k  is  the  value  of  the 
[fusion  constant  with  the  same  units  of  length  which  are  used 
measure  a,  the  dimensions  of  the  test  piece  in  the  direction 
directions  in  which  diffusion  takes  place.  Figure  4  shows 
e  variation  of  the  fractional  quantity  of  a  gas  absorbed  by 
liform  sheets  of  different  thicknesses.  In  this  graph,  one 
rticular  thickness  is  chosen  for  reference  and  the  thicknesses 
the  other  sheets  are  given  as  multiples  (X)  of  this  thickness. 

le  curves  are  all  on  the  same  scale,  the  factor  — 2  being 

cessary  in  the  abscissas  in  order  to  retain  a  constant  abso- 
te  value  for  k  with  various  thicknesses  of  specimen. 

Applicability  of  Method  to  Nonhomogeneous 
Rubberlike  Products 

One  of  the  most  common  and  most  obvious  methods  for 
ducing  the  permeability  of  sheets  of  rubberlike  materials 
gas  is  compounding  with  finely  divided  inert  substances 
ch  as  clay,  whiting,  and  barytes.  The  reduction  of  perme- 
lility  by  the  incorporation  of  these  substances  may  be 
nsidered  as  arising  out  of  at  least  two  separable  effects, 
rst,  they  replace  some  of  the  solute  material  and  thus  reduce 
e  cross-sectional  area  through  which  gas  may  pass; 
condly,  they  cause  the  gas  to  take  a  devious  path  and  so 
crease  the  effective  thickness. 

Considering  the  first  effect,  it  can  be  shown  that  if  a  fractional 
ilume,  8,  of  the  continuous  medium  is  replaced  by  uniformly 
spersed  particles,  the  fractional  area  of  any  cross  section  oc- 
ipied  by  the  particles  is  also  B.  This  result  is  independent  of 
irticle  shape  or  size,  provided  only  that  the  numbers  of  particles 
the  volume  and  area  considered  are  sufficiently  great  to  allow 
e  law  of  averages  to  apply.  If,  therefore,  a  sheet  through 
tdch  gas  is  permeating  contains  a  fractional  volume  of  filler  8, 
e  effective  area  through  which  gas  is  passing  is  reduced  to  a 
action  (1  —  8)  of  the  total  area  and  the  permeability  is  reduced 
•  this  effect  to  a  fraction  (1  —  8)  of  that  of  the  corresponding 
eet  containing  no  filler.  As  the  solubility  per  unit  volume 
the  mixture  is  also  reduced  to  a  fraction  (1  —  8)  of  the  original 
due  by  the  introduction  of  the  filler,  it  is  seen  that  in  assessing 
■rmeability  by  absorption  experiments,  the  reduction  due  to 
is  effect  is  quantitatively  allowed  for  in  the  reduced  Henry’s 
w  constant. 

The  second  effect  of  fillers,  the  increased  effective  thickness  of 
e  sheet,  is  less  readily  assessed,  as  particle  shape  and  orienta¬ 


tion  have  to  be  taken  into  account.  If,  however,  we  regard  the 
reduction  of  permeability  by  this  effect  as  arising  not  out  of 
increased  effective  sheet  thickness,  but  out  of  a  reduced  diffusion 
constant,  it  is  readily  seen  that  the  diffusion  constant  obtained 
from  permeation  experiments,  although  having  no  exact  physical 
interpretation,  can  be  applied  quantitatively  to  the  assessment 
of  permeability  of  sheet  material,  provided  only  that  in  the  case 
of  anisometric  filler  particles,  their  orientation  with  respect 
to  the  direction  or  directions  in  which  diffusion  takes  place  in  the 
absorption  experiments  is  the  same  as  that  of  permeation  under 
service  conditions.  On  account  of  this  provision  it  is  preferable, 
in  the  absorption  experiments,  to  cut  sections  from  the  sheet 
material  and  to  allow  diffusion  to  take  place  only  in  the  ap¬ 
propriate  direction. 

A  third  possible  effect  of  fillers  arises  out  of  experimental 
results  given  below  (Table  IV).  With  diatomite-compounded 
rubber  mixings  the  solubility  of  nitrogen  in  the  rubber  (as  op¬ 
posed  to  the  mixing)  decreases  with  increasing  proportions  of 
diatomite  (see  Table  II). 

Rubber  removed  by  adsorption  is  calculated  from  the  relative 
solubility  values  assuming  that  adsorption  of  rubber  by  diatomite 
provides  a  complete  explanation  for  the  irregularity  in  solubility 
values. 

It  is  suggested  that  the  diatomite  may  remove  some  of  the 
rubber  from  the  rubber  phase  by  adsorption,  so  that  it  is  not  free 
to  dissolve  gas.  The  reduction  of  permeability  by  diatomite  will, 
therefore,  be  greater  than  that  anticipated  from  the  volumes  of 
filler  incorporated,  owing  to  the  effective  reduction  in  the  quan¬ 
tity  of  available  rubber  and  the  corresponding  increase  in  particle 
size  of  the  diatomite. 

Barytes  does  not  show  a  similar  adsorption  effect.  On  the 
other  hand,  the  incorporation  of  carbon  black  in  rubber  mixings 
increases  the  solubility  of  gases  by  adsorption  of  gas  and  this 
method  of  measuring  permeability  cannot  be  applied,  without 
further  consideration,  to  rubberlike  substances  compounded 
with  carbon  black. 


Table  II.  Diatomite-Compounded  Rubber 


(Vulcanization,  1  hour  at  150°  C.) 

Dia-  Relative  Rubber  Removed 
tomite  Solubility^  by  Adsorption 


Rubber 

Sulfur 

100 

3 

0 

1.00 

%° 

0 

Gramb 

Zinc  oxide 

5 

20 

0.92 

8 

o(4o 

Stearic  acid 

2 

40 

0.88 

12 

0.30 

Nonox 

1 

60 

0.82 

18 

0.30 

Mercaptobenzothiazole 

1 

80 

0.76 

24 

0.30 

Diatomite 

100 

0.69 

31 

0.31 

°  In  total  rubber. 

f>  Per  gram  of  diatomite. 


Apparatus  and  Experimental  Procedure 

The  authors  have  devised  several  forms  of  apparatus  for 
following  the  absorption  or  desorption  when  the  gas  in  which 
a  test  piece  of  specified  shape  is  immersed  is  subjected  to  a 
pressure  increase  or  decrease.  Those  found  most  con¬ 
venient  of  manipulation  are  described  below. 

Torsion  Pendulum.  The  curved  surface  of  a  disk  of  the 
material  of  uniform,  known  thickness  is  rendered  resistant  to 
gas  by  the  application  of  a  uniform  impermeable  surface  cover¬ 
ing.  The  disk  is  suspended  axially  upon  a  quartz  fiber  in  a  vessel 
into  which  the  gas  can  be  introduced  at  a  definite  measured 
pressure.  At  intervals,  the  disk  is  set  in  oscillatory  rotational 
motion  and  the  oscillation  period  is  determined.  If  the  weights 
of  the  disk,  of  the  surface  covering,  and  of  the  gas  absorbed  are 
wd,  wc,  and  wg,  respectively,  and  if  the  times  to  describe  a  cer¬ 
tain  number  of  oscillations  for  the  unprotected  disk,  for  the 
protected  disk,  and  for  the  protected  disk  containing  absorbed 
gas  are  T D,  Tdc,  and  Tdcg,  respectively 


wg 


rp  2  rji  2 

i  DCG  —  1  DC 


Td2 


X  Wd 


Alternatively,  the  determination  of  the  oscillation  period  of 
the  uncovered  disk  may  be  omitted,  and 


wg 


rp  2 

i  DCG 

rp  2 
i  DC 


+  2  wc) 


The  shape  and  covering  of  the  test  piece  allow  Equation  12 
to  be  applied  to  determine  the  diffusion  constant. 


104 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO 


The  apparatus  shown  (Figure  5), 
which  was  constructed  of  glass,  was 
used  to  follow  the  absorption  of  sul¬ 
fur  dioxide  by  various  substances  at 
atmospheric  pressure.  After  the 
initial  measurements  had  been  carried 
out  in  air  (the  solubility  of  which  is 
negligibly  small  compared  with  that 
of  sulfur  dioxide),  sulfur  dioxide  was 
passed  through  the  apparatus  at  a 
constant  rate  and  the  oscillation  period 
measured  from  time  to  time.  (When 
sulfur  dioxide  is  used,  it  is  necessary  to 
exclude  sunlight  in  order  to  prevent 
photochemical  action.)  With  gases 
such  as  nitrogen,  which  are  much  less 
soluble  than  sulfur  dioxide,  higher 
pressures  must  be  employed,  in  order 
that  the  absorbed  gas  may  bring 
about  readily  measured  alterations  in 
the  oscillation  periods.  A  metal 
pressure  vessel  with  thick  glass 
windows,  capable  of  withstanding  a 
pressure  of  150  atmospheres,  has  been 
used  for  this  purpose. 


Figure  5.  Apparatus 
for  Gas  Absorption 
by  Disk 


A  possible  objection  to  this 
method  is  that  the  absorption  of 
gas  may  result  in  swelling  of 
the  disk  and  consequent  altera¬ 
tion  of  the  radius  of  gyration.  The  objection  can  be  over¬ 
come  by  measuring,  for  example,  the  absorption  of  gas  by 
two  identical  cubes,  having  appropriate  surface  coverings 
if  desired,  fixed  symmetrically  on  a  light  rod  suspended 
horizontally  on  a  quartz  fiber,  the  distance  between  the 
cubes  being  several  times  as  great  as  their  linear  dimensions 
(Figure  6),  or  by  other  modifications  of  the  same  principle. 


RADIUS  OF  GYRATION 

Figure  6.  Torsion  Pendulum 


specimen  is  small.  When  the  apparatus  is  placed  in  the  vertit 
position  (tap  downwards),  the  mercury  is  out  of  contact  wi 
the  capillary  and  there  is  free  gaseous  connection  between  tl 
and  the  main  tube.  With  the  apparatus  in  this  position  t 
initial  gas  pressure  is  produced  inside,  by  introducing  or  wit 
drawing  gas  through  the  tap,  and  this  pressure  is  maintain 
constant  until  equilibrium  is  reached.  The  pressure  is  then  i 
creased  to  its  new  value  and  the  tube  turned  until  the  capillary 
horizontal  and  in  contact  with  the  mercury.  As  gas  is  absorb 
the  mercury  moves  along  the  capillary  and  the  volume  absorb 
at  any  time  (measured  at  the  pressure  of  the  experiment)  is  eqi 
to  the  bore  of  the  capillary  multiplied  by  the  distance  of  mo; 
ment  of  the  mercury  meniscus.  The  quantity  of  gas  absorb 
is  negligibly  small  compared  with  the  total  quantity  in  the  a 
paratus  and  so  the  fall  in  pressure  during  the  experiment  is  al 
negligibly  small. 

The  dimensions  of  the  bulb  and  the  quantity  of  mercury 
it  are  so  arranged  that  the  height  of  the  free  surface  of  the  mercu 
above  the  axis  of  the  capillary  is  equal  to  the  extent  to  which  m< 
cury  would  be  depressed  by  virtue  of  its  surface  tension  in 
vertical  tube  of  the  same  dimensions  as  the  capillary  tut 
There  is  thus  no  pressure,  positive  or  negative,  on  the  gas  in  t 
specimen-containing  tube  due  to  the  mercury,  and  the  menisc 
is  free  to  move  as  gas  is  absorbed. 


Figure  7.  Variation  of  Solubility  of  Sulfur 
Dioxide  in  Rubber  Thread  with  Variation  of 
Gas  Pressure 


The  torsion  pendulum  has  also  been  used  to  show  that  the 
solubility  of  gases  in  rubberlike  materials  is  in  accordance  with 
Henry’s  law. 

The  material,  in  the  form  of  thin  thread,  is  helically  wound  on 
a  light  cylindrical  frame  suspended  axially  upon  a  quartz  fiber, 
and  the  whole  is  enclosed  in  a  suitable  gas-tight  vessel.  (The 
cylinder  and  thread  are  previously  weighed,  and  the  oscillation 
periods  of  the  cylinder  alone,  and  the  cylinder  and  thread,  are 
determined.)  The  gas  at  a  definite  pressure  is  introduced  into 
the  vessel,  and  when  equilibrium  is  attained  the  oscillation  period 
is  noted.  The  obvious  calculation  gives  the  amount  of  gas 
absorbed  at  saturation  at  the  particular  gas  pressure.  The 
use  of  thin  thread,  helically  wound  to  expose  maximum  surface, 
ensures  rapid  attainment  of  equilibrium. 


Equation  12  or  13  may  be  applied  to  determine  the  di 
fusion  constant  according,  respectively,  as  the  specimen  hi 
been  covered  on  two  opposite  faces  or  left  uncovered.  F< 
the  calculation  of  the  Henry’s  law  constant,  the  free  spai 
in  the  specimen-containing  tube  must  be  determined.  Th 
type  of  apparatus  works  well  at  pressures  of  several  atmo; 
pheres,  but  is  less  satisfactory  at  lower  pressures. 

Pressure  Measurements  at  Constant  Volume.  E: 
periments  have  been  carried  out  in  which  the  desorption  < 
gas  from  a  specimen  in  a  vacuum,  after  saturation  at  a  defiuil 
pressure  of  1  to  2  atmospheres,  is  followed  by  measurin 
pressure  change  at  constant  volume  due  to  the  desorbe 


Figure  7,  which  records  experiments  carried  out  with  rubber 
thread  and  sulfur  dioxide,  shows  that  the  solubility  is  pro¬ 
portional  to  the  pressure. 

Volume  Measurements  at  Constant  Pressure.  One 
form  of  the  apparatus  suitable  for  use  with  gases  of  solubilities 
comparable  with  that  of  nitrogen  is  shown  in  Figure  8. 

The  specimen,  in  the  form  of  a  long  square-sectioned  rod,  is 
sealed  into  the  narrow  tube  in  the  manner  shown,  the  dimensions 
being  so  chosen  that  the  free  space  in  the  tube  containing  the 


CAPILLARY 

Figure  8.  Apparatus  for  Measuring  Volume  of  Gas 
Absorbed  by  Rod 
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s.  The  apparatus,  although  giving  satisfactory  results, 
comparatively  inconvenient  and  is  not  described  here. 
Measurements  Involving  Simultaneous  Change  in 
ilume  and  Pressure.  An  experimental  method  which  is 
ry  conveniently  applied  in  the  important  cases  of  gases 
ch  as  nitrogen  and  hydrogen,  where  the  solubility  in  rubber- 
;e  substances  is  low,  is  based  on  the  removal  of  gas  by  ab- 
rption  from  a  reference  quantity  changing  both  volume 
d  pressure.  The  specimen,  saturated  with  gas  at  a  low 
essure  is  confined  over  mercury  in  a  quantity  of  gas  at  a 
?her  pressure.  With  progressive  absorption,  mercury  rises 
to  the  enclosed  space  and  simultaneously  reduces  both 
lume  and  pressure.  The  calculation  of  the  Henry’s  law 
nstant  is  based  on  the  final  equilibrium  pressure  and  no 
error  is  introduced  into  its  calcula¬ 
tion  by  the  change  in  pressure  during 
the  experiment.  Change  of  pressure, 
however,  during  the  absorption 
affects  the  progress  of  absorp¬ 
tion,  and  for  a  strict  calculation  of 
the  diffusion  constant,  the  experi¬ 
mental  results  cannot  be  used  in 
Equations  12, 13,  and  14.  It  is  shown 
below,  however,  that  if  the  change  in 
pressure  is  not  great,  the  error  is  small. 

A  simple  form  of  the  apparatus  is 
shown  in  Figure  9. 

The  specimen  of  square  cross  sec¬ 
tion  is  sealed  inside  a  glass  tube,  one 
end  of  which  is  fused  to  a  communicat¬ 
ing  graduated  capillary  tube  of  known 
bore.  The  dimensions  are  so  chosen 
that  the  internal  free  space  is  small.  In 
order  to  prevent  possible  harm  to  the 
specimen  during  the  sealing  of  the 
tube,  it  may  be  convenient  to  insert 
a  short,  well-fitting  glass  rod  (as  shown) 
behind  the  specimen.  The  loaded  tube 
is  suspended  from  the  stopper  of  the 
large  outer  vessel  by  means  of  a  wire 
sealed  into  a  small  piece  of  sealing  wax, 
so  that  when  the  stopper  is  secured  in 
place  with  a  gas-tight  fit,  the  capillary 
tube  does  not  reach  the  mercury  con¬ 
tained  in  the  outer  vessel. 

The  initial  gas  pressure  is  produced  in  the  assembled  apparatus, 
ing  the  tap,  and  is  maintained  until  equilibrium  is  reached, 
le  pressure  is  then  increased  to  the  new  value,  the  tap  is 
>sed,  and  the  sealing  wax  support  is  softened  by  a  small  flame 
plied  externally,  to  allow  the  capillary  to  descend  into  the  mer¬ 
ry.  The  pressure  inside  the  specimen-containing  tube  is 
ginally  the  same  as  that  in  the  outer  vessel,  but  as  gas  is 
sorbed  by  the  specimen  the  pressure  falls  and  mercury  ascends 
e  capillary.  The  position  of  the  mercury  meniscus  is  noted 
>m  time  to  time.  The  total  quantity  of  gas  in  the  whole  ap- 
ratus  is  great  compared  with  the  quantity  absorbed,  so  that 
?  alteration  in  pressure  in  the  outer  vessel  due  to  the  absorption 
negligible.  At  equilibrium  the  final  saturation  pressure  is 
it  of  the  gas  in  the  outer  vessel,  less  the  back  pressure  due  to 
■rcury  in  the  capillary.  At  the  conclusion  of  the  experiment, 

?  free  volume  of  the  tube  containing  the  specimen  is  determined 
weighing  before  and  after  filling  with  water.  This  volume 
required,  together  with  the  initial  and  final  equilibrium  pres- 
res,  in  order  to  calculate  the  Henry’s  law  constant. 


taining  the  specimens  (only  two  tubes  are 
shown  in  the  diagram).  The  specimens  are 
in  the  form  of  rods  15  cm.  long  and  0.4  by 
0.4  cm.  in  cross  section.  Behind  the  capil¬ 
lary  tubes  is  a  cylindrical  paper  scale,  C. 
The  tubes  and  scale  are  held  in  position  on 
the  rod  by  means  of  the  cork,  D,  and  the  bind¬ 
ing,  E  (ordinary  adhesive  tape) .  The  coarsely 
ground  stopper  is  secured  in  a  gas-tight  fit 
in  the  main  vessel  by  means  of  sealing  wax. 
(This  method  of  securing  the  stopper  is  capa¬ 
ble  of  satisfactorily  withstanding  an  internal 
excess  pressure  of  several  atmospheres  at 
30°  C.  A  thin  layer  of  warm  sealing  wax  is 
applied  to  the  ground  surfaces,  previously 
warmed  to  about  100°  C.,  and  the  stopper 
is  firmly  pressed  into  position  in  its  seating, 
expelling  most  of  the  sealing  wax.  The  ap¬ 
paratus  is  allowed  to  cool.)  The  ends  of  the 
capillaries  are  arranged  to  be  about  0.5  cm. 
above  the  surface  of  the  mercury,  G,  when  the 
central  rod  is  suspended,  and  they  dip  about 

1  cm.  below  the  surface  when  it  is  lowered. 
In  a  large  number  of  experiments  with 

this  apparatus,  the  specimens,  originally  con¬ 
taining  very  little  gas  (the  whole  apparatus 
having  been  evacuated  to  a  pressure  of  about 

2  cm.  of  mercury),  were  confined  in  nitrogen 
at  a  pressure  of  about  200  cm.  of  mercury 
and  30°  C.  The  apparatus,  assembled  as  in 
the  diagram,  was  placed  in  a  thermostat  at 
30°  C.  and  was  maintained  evacuated  by 
means  of  an  ordinary  water  pump,  until 
nearly  all  the  dissolved  air  was  removed  from 
the  specimens  (at  least  24  hours).  The  ap¬ 
paratus  was  filled  with  nitrogen  at  one  atmos¬ 
phere  pressure  and  reevacuated.  This  pro¬ 
cedure  was  necessary  because  the  removal  of 
foreign  gases  by  a  single  evacuation  was  in¬ 
adequate.  The  apparatus  was  maintained 
evacuated  for  at  least  48  hours  for  equilib¬ 
rium  to  be  reached  at  this  low  initial  pres¬ 
sure  of  nitrogen. 

To  commence  the  experiment,  nitrogen  at  30°  C.  was  intro¬ 
duced  into  the  apparatus  at  a  fairly  rapid,  steady  rate  until 
a  pressure  of  195  cm.  of  mercury  was  reached.  This  pressure 
was  maintained  while  the  capillaries  were  allowed  to  descend 
(as  described)  into  the  mercury.  The  pressure  in  the  outer  vessel 
was  then  further  increased  until  the  mercury  rose  in  the  capil¬ 
laries  to  the  level  of  the  lower  part  of  the  scale.  The  tap  was 
closed  and  the  positions  of  the  mercury  levels  were  noted  at 
intervals.  The  filling  of  the  apparatus  took  several  minutes, 
and  zero  time  was  taken  at  the  point  when  the  pressure  reached 
130  cm.  of  mercury. 

The  small  error  which  is  introduced  into  the  calculation 
of  the  diffusion  constant  by  using  the  scale  readings  directly 
in  Equations  12  and  13  arises  from  two  sources:  (1)  absorp¬ 
tion  does  not  take  place  at  constant  gas  pressure  (see  Figure 
11)  and  (2)  the  movement  of  the  mercury  level  in  the  capil¬ 
lary  is  not  directly  proportional  to  the  quantity  of  gas  re¬ 
moved  by  absorption.  It  can  be  shown  that  the  maximum 
possible  fractional  error,  introduced  into  the  readings  and 
arising  from  the  first  source  by  the  assumption  that  the 
absorption  takes  place  at  a  constant  pressure  equal  to  the 
final  equilibrium  pressure,  is 

Pi  -  Pi 

Pi  -  Po 


IGURE  9.  APPA- 
A.TUS  FOR  MEAS- 
ring  Gas  Absorp¬ 
tion  by  Rod 


Figure  10. 
Apparatus 
for  Test- 
i n  g  Six 
Specimens 


The  pressure  measurements  made  during  the  course  of  the 
periment  may  be  used  directly,  with  little  error,  to  calculate 
s  diffusion  constant  from  Equation  12  or  13  according, 
'Pectively,  as  the  specimen  has  been  covered  on  two  opposite 
:es  or  left  uncovered. 

The  preferred  form  of  the  apparatus,  which  was  designed  to 
4  six  specimens  simultaneously,  is  shown  in  Figure  10. 


where  Pa  =  initial  equilibrium  pressure 

Pi  =  pressure  under  which  absorption  takes  place  at  the 
commencement  of  the  experiment 
Pi  =  final  equilibrium  pressure 

It  is  seen  from  Figure  11  that  the  average  probable  error, 
however,  is  much  lower  than  this  maximum  and  may  be 
roughly  approximated  by 


Around  a  central  rod,  A,  suspended  from  the  stopper  by  means 
a  wire  and  sealing  wax,  are  arranged  six  tubes,  B\  to  B,h  con- 
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Figure  11.  Absorption  of  Gas 

Broken  line  applies  to  pressure  falling  from  Pi  to  P2  during  the  absorption. 


The  fractional  error  arising  from  the  second  source  can  be 
shown  to  be 


bx 

Pib  +  V  -  bx 

where  b  =  bore  of  the  capillary 

x  =  movement  of  the  mercury  level  in  the  capillary 
V  =  initial  free  volume  in  the  tube  containing  the  specimen 

The  following  values,  taken  from  a  typical  experiment  on 
the  absorption  of  nitrogen  by  soft  rubber,  may  be  quoted 
to  assess  the  order  of  the  error : 

P0  =  1.8  cm.  of  mercury 
Pi  =  204.6  cm.  of  mercury 
P2  =  199.0  cm.  of  mercury 
b  =  5.03  X  10—  cc.  per  cm. 

V  =  2.87  cc. 


Figure  12.  Absorption  and  Oxidation 


The  total  movement  of  the  mercury  level  in  the  capillar 
Pi  —  P2,  was  5.6  cm.  We  assess  the  error  halfway  throuj 
the  absorption— that  is,  when  x  =  2.8  cm.  It  is  found  th 

\  X  Pp\^L  p]  =  1-38  X  10- 

and 


bx 

Pib  +  V  —  bx 


=  0.36  X  10— 


The  total  fractional  error  in  the  scale  readings  is  therefc 
1.74  X  10—,  which  corresponds  with  an  error  of  about  2 
3  per  cent  in  the  deduced  value  of  the  diffusion  constai 
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E  =  2\Ac»  — n  —  V  r  co  —  n  • 

b  Fractional  quantities  absorbed  after  times  of  first  column 


(- 


r  —  rp  \  # 
r  co  —  ro) 


c  Fractional  quantity  which  would  have  been  absorbed  if  diffusion  had  been  allowed  to  take  place  in  one  direction  only  (  =  1  —  y/l  —  Qi). 

4  Deduced  from  infinity  scale  reading  of  third  column  and  the  total  movement  in  tenth  column. 

«  Approximate  average  from  first  few  values  is  6.7.  A  simple  calculation  from  this  approximate  value  shows  that  the  fractional  saturation  exceeds  0.84  ai ' 
about  2.5  hours.  In  this  experiment  scale  readings  after  2.5  hours  can  therefore  not  be  used  in  these  calculations. 

/  Oxidation  rate  0.96  X  10  ~2  scale  division  per  hour. 

o  Deduced  by  extrapolation  of  graph  of  scale  readings  against  time  during  "oxidation”  period. 
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Figure  13.  De¬ 
gree  of  Vulcani¬ 
zation  of  Rubber 
(Table  IV,  A) 


Figure  14.  Mix¬ 
tures  of  Rubber 
and  Neoprene 
(Table  IV,  B) 


Figure  15.  Mix¬ 
tures  of  Rubber 
and  Perbunan 
(Table  IV,  C) 


Figure  16.  Rubber 
Compounded  with 
Mineral  Barytes 
(Table  IV,  D) 


Figure  17.  Rubber 
Compounded  with 
Diatomite  (Table 
IV,  E) 


he  small  degree  of  this  inaccuracy  justifies  the  use  of  this 
3ry  convenient  form  of  apparatus. 

The  Henry’s  law  constant  can  be  calculated  without  error. 

P0  =  initial  equilibrium  pressure,  cm.  of  mercury 
P  —  pressure  in  outer  vessel  at  commencement  of  experi¬ 
ment,  cm.  of  mercury 
r0  =  initial  scale  reading,  cm. 
r a,  =  final  scale  reading,  cm. 

rt  =  height  of  scale  zero  above  level  of  mercury  in  outer 
vessel,  cm. 

b  =  bore  of  capillary,  cc.  per  cm. 

V  —  initial  internal  volume  of  tube  containing  specimen 
t  =  temperature,  °C. 
od  V,  =  volume  of  specimen,  cc. 

h  =  4  (r»  -  r„)[F  +  b^p  ~  -  r*)]  x 

76 

^  1  x  273  Q5) 

(P  -  P0  -  r„  -  rz)  X  F,  (273  +  t) 

This  value  for  h  may  be  regarded  as  the  change  of  conce'n- 
-ation,  measured  in  cubic  centimeters  of  gas  at  normal 
imperature  and  pressure,  per  cubic  centimeter  of  absorbent, 
>r  a  change  of  gas  pressure  of  1  cm.  of  mercury  at  the  tem- 
erature  of  the  experiment. 

In  many  of  the  experiments  which  were  carried  out  with 
itrogen,  the  nitrogen  used  was  the  commercial  gas  produced 
y  the  fractional  distillation  of  liquid  air.  This  contains 
bout  2  per  cent  of  oxygen  and  during  the  experiments  this 
'as  sufficient  to  bring  about  an  appreciable  steady  fall  of 
ressure  due  to  oxidation  of  the  specimens.  Thus  no  definite 
nal  pressure  was  reached.  The  difficulty  was  overcome  by 
ontinuing  the  experiments  for  a  longer  period  than  was 
ecessary  for  saturation  with  nitrogen.  The  later  “oxida- 
ion”  parts  of  the  curves  (Figure  12)  were  straight  lines  (3), 
rhich  when  extrapolated  to  zero  time  gave  the  required  scale 
eadings.  The  experimental  points  of  the  “absorption” 
'arts  of  the  curves  were  corrected  for  oxidation  on  the  as- 
umption  that  oxidation  proceeded  at  the  same  rate  during 
he  period  of  rapid  absorption  of  nitrogen  (3) . 

In  some  of  the  experimental  procedures  which  have  been 
utlined,  the  design  of  the  apparatus  renders  it  impossible 
o  make  direct  observation  of  the  scale  readings  at  zero 
ime,  mainly  because  of  the  impossibility  of  applying  an 
astantaneous  isothermal  increase  in  the  gas  pressure.  These 
ero  readings  can,  however,  be  calculated  from  the  readings 
aken  during  the  absorption  and  from  the  shape  of  the  ab- 
orption  curves  (Equations  11,  12,  and  13). 


When  the  shape  of  the  specimen  is  such  that  diffusion  of 
dissolved  gas  takes  place  in  one  direction  only,  the  absorption 
curve  is  a  parabola  up  to  a  fractional  saturation  of  about 
0.60.  Hence,  if  attention  is  confined  to  this  initial  part  of 
the  curve,  it  can  be  shown  that 

ro  =  r2  —  2ri 

where  ro  =  scale  reading  at  zero  time 
n  =  scale  reading  at  time  t\ 
r2  =  scale  reading  at  time  k 
and  where  t\  and  t2  are  arbitrarily  chosen  so  that  t2  —  4 

It  is  desirable  to  use  several  such  corresponding  values  of 
t\  and  f2  and  to  average  the  values  of  r0  to  obtain  a  trustworthy 
value  for  use  in  the  subsequent  calculations. 

When  the  shape  of  the  specimen  is  such  that  diffusion  of 
dissolved  gas  takes  place  in  more  than  one  direction,  use 
may  be  made  of  the  relationships 

l  -  Qs  =  (l  -  QO2 

and 

l  —  Q3  =  (l  —  Qi)3 

deduced  from  Equations  12,  13,  and  14,  to  show  that  (again 
confining  attention  to  the  initial  parts  of  the  curves) 

fa,  -  r0  =  [2 x/r*,  —  r2  —  V^oo  —  n]2 

and 

rro  —  r0  =  [  2_v/r00  —  r2  -  \/r„,  -  rj3 

for  two-directional  diffusion  (up  to  a  fractional  saturation  of 
0.84),  and  for  three-directional  diffusion  (up  to  a  fractional 
saturation  of  0.96),  respectively.  The  value  of  rm  is  already 
known,  and  hence  r0  can  be  determined. 

Experimental  Results 

A  typical  calculation  from  a  set  of  observations  obtained 
with  the  apparatus  shown  in  Figure  10,  using  as  specimen 
a  square-sectioned  rod  of  soft  rubber,  covered  only  on  its 
square  faces,  and  commercial  nitrogen,  is  given  in  Table  III. 

The  specimen  was  made  from  the  rubber  mix 


Rubber  100 

Sulfur  3 

Zinc  oxide  5 

Stearic  acid  2 

Nonox  1 

Mercaptobenzothiazole  1 


vulcanized  in  the  form  of  a  square  rod  0.4  X  0.4  X  14.6  cm.  by 
heating  for  60  minutes  at  150°  C.  The  square  ends  only  were 
covered  with  tinfoil  applied  by  means  of  a  suitable  adhesive. 
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Table  IV.  Experimental  Results 


A.  Degree  of  Vulcanization  of  Rubber 


Sulfur 

k 

h 

kh 

Rubber 

100 

Zinc  oxide 

5 

1 

1.24 

1.00 

1.24 

Stearic  acid 

2 

2 

1.09 

1.04 

1 . 14 

Nonox 

1 

3 

1.00 

1.00 

1.00 

Mercaptobenzothiazole 

1 

5 

0.81 

0.98 

0.79 

B.  Mixtures  of  Rubber  and  Neoprene 

Neo¬ 

Rubber 

prene 

k 

h 

kh 

Rubber  +  Neoprene 

100 

Sulfur 

3 

100 

0 

1.00 

1.00 

1.00 

Zinc  oxide 

Light  magnesium  car- 

5 

67 

33 

0.58 

0.89 

0.52 

'  ~Lonate 

5 

33 

67 

0.40 

0.86 

0.34 

Stearic  acid 

2 

0 

100 

0.26 

0.89 

0.23 

Nonox 

1 

Mercaptobenzothiazole 

1 

C.  Mixtures  of  Rubber  and  Perbunan 

Perbu¬ 

Rubber 

nan 

k 

h 

kh 

Rubber  +  Perbunan 

100 

Sulfur 

3 

100 

0 

1.00 

1.00 

1.00 

Zinc  oxide 

5 

90 

10 

0.83 

0.95 

0.79 

Stearic  acid 

2 

75 

25 

0.70 

0.91 

0.63 

Nonox 

1 

50 

50 

0.54 

0.80 

0.43 

Mercaptobenzothiazole 

1 

25 

75 

0.32 

0.69 

0.22 

D.  Rubber 

Compounded 

with  Mineral  Barytes 

Barytes 

k 

h 

kh 

Rubber 

100 

Sulfur 

3 

0 

1.00 

1.00 

1.00 

Zinc  oxide 

5 

50 

0.91 

0.94 

0.86 

Stearic  acid 

2 

'  150 

0.81 

0.82 

0.66 

Nonox 

1 

250 

0.80 

0.70 

0.56 

Mercaptobenzothiazole 

1 

E.  Rubber  Compounded  with  Diatomite 

Diatomite 

k 

h 

kh 

Rubber 

100 

Sulfur 

3 

0 

1.00 

1.00 

1.00 

Zinc  oxide 

5 

20 

0.83 

0.85 

0.71 

Stearic  acid 

2 

40 

0.81 

0.74 

0.60 

Nonox 

1 

60 

0.71 

0.63 

0.45 

Mercaptobenzothiazole 

1 

80 

0.64 

0.54 

0.34 

100 

0.57 

0.46 

0.26 

F. 

Koroseal& 

k 

h 

kh 

Rubber 

100 

i 

Sulfur 

3 

1 

Zinc  oxide 

Stearic  acid 

5 

2 

r 

1.00 

1.00 

1.00 

Nonox 

1 

i 

Mercaptobenzothiazole 

Koroseal 

1 

0.16 

0.42 

0.07 

°  Commercial  grade  G. 
b  Goodrich  plasticized  polyvinyl  chloride. 


The  other  experimental  details  were 
P0  =  2.2  cm.  of  mercury 

P  =  205.7  cm.  of  mercury  (barometric  pressure,  76.2;  excess 
pressure,  129.5) 

r0  =  2.40  cm.  (scale  divisions  were  centimeters) 
rm  =  9.14  cm.  (scale  divisions  were  centimeters) 
rz  =  3.00  cm.  (scale  divisions  were  centimeters) 

V  =  2.80  cc. 

b  =  6.23  X  10-3  sq.  cm. 

V8  =  2.34  cc. 

a  =  0.40  cm. 

t  =  30.0  ±  0.1°  C. 

These  values,  inserted  in  Equation  15,  give  h  =  7.15  X  HU4, 
where  concentration  is  measured  in  cubic  centimeters  of  gas  at 
normal  temperature  and  pressure  per  cubic  centimeter,  and  gas 
pressure  is  measured  in  centimeters  of  mercury. 

The  average  value  of  a  is  used  to  calculate  the  diffusion  con¬ 
stant  from  the  relationship  k  =  ~  sq.  cm.  per  second,  where 

p  =  0.514.  Substituting  these  values,  k  =  ^  ^  —  X  ^ 

U.DJL4  \  7r  / 

sq.  cm.  per  second  =  1.46  X  10~6  sq.  cm.  per  second. 

Correction  may  be  made  for  small  variations  in  the  dimensions 
of  the  test  pieces  by  substituting  for  the  value  of  a2  the  true 
cross-sectional  area.  For  example,  if  the  cross-sectional  dimen¬ 
sions  of  the  test  piece  had  been  0.395  and  0.403  cm.,  the  value 
0.395  X  0.403  would  have  been  used  in  place  of  (0.4) 2. 


The  product  kh,  1.46  X  10"6  X  7.15  X  10-4  =  1.03  X  10~9, 
is  directly  proportional  to  the  permeability  of  a  standard  sheet 
under  standard  conditions.  For  a  comparison  of  the  perme¬ 
ability  of  the  material  of  this  test  piece  to  nitrogen  with  that  of 
a  second  material,  this  value  is  referred  directly  to  the  cor¬ 
responding  value  for  the  second  material.  If  it  is  desired  to 
interpret  the  result  directly  in  terms  of  permeability,  the  values 
of  kh  and  of  the  chosen  conditions  may  be  inserted  in  Equation  3: 

Q  =  -kA  h(P*~  Pl)  t  : 

If  A  =  100  sq.  cm.,  L  =  0.1  cm.,  (p2  —  Pi)  =  76  cm.  of  mer¬ 
cury,  and  t  =  1  hour,  then  Q  =  —0.29  cc.  at  normal  temperature 
and  pressure.  The  negative  sign  indicates  that  the  gas  passes 
from  the  high-  to  the  low-pressure  side. 

Table  IV  and  Figures  13  to  17  give  further  experimental 
results  obtained  with  the  same  apparatus  under  similar  con¬ 
ditions. 

In  these  experiments,  the  gas  used  was  commercial  nitro¬ 
gen,  the  temperature  was  30°  C.,  and  the  test  pieces  were  un¬ 
covered  square  rods  0.4  X  0.4  X  15.0  cm.  In  the  mixes  the 
proportions  are  given  as  parts  by  weight.  Vulcanization  was 
1  hour  at  150°  C.  The  results  are  given  as  relative  values. 

Summary  and  Conclusions 

The  rate  at  which  a  gas  passes  through  a  sheet  of  rubber¬ 
like  material  and  the  rate  at  which  a  gas  is  absorbed  by  a 
block  of  the  material  are  both  dependent  upon  the  same  fac¬ 
tors,  solubility  and  diffusion  constant.  The  magnitude  of 
these  factors  can  be  measured  by  absorption  experiments 
carried  out  under  specified  conditions  and  the  results  can 
be  used  to  assess  the  permeability  of  the  material  in  sheet 
form.  Experimental  methods  and  suitable  apparatus  are 
described  for  following  absorption  and  the  manner  of  inter¬ 
preting  the  results  in  terms  of  permeability  is  given.  Besides 
such  advantages  as  accurate  temperature  control,  convenient 
size  and  ease  of  handling  of  the  apparatus,  the  small  size 
of  the  test  piece,  and  the  elimination  of  the  difficulty  of 
producing  uniform  thin  sheets  free  from  pinholes,  the  method 
has  the  advantage  that  both  factors,  solubility  and  dif¬ 
fusion  constant,  can  be  assessed  independently;  this  is  not 
normally  possible  with  direct  permeation  measurements. 
Some  experimental  results  are  tabulated. 
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High-Temperature  Resistance-Type 
Electric  Laboratory  Furnaces 

WALLACE  M.  HAZEL  AIND  W  M.  J.  O’LEARY,  Norton  Company,  Chippawa,  Ontario,  Canada 


ISITORS  to  the  Research  and  Chemical  Laboratories 
of  this  company  have  displayed  so  much  interest  in  the 
ractical  operation  of  some  small  electric  furnaces  that  it  seems 
orth  while  to  describe  these  in  some  detail ;  their  simplicity 
ad  efficiency  will  undoubtedly  appeal  to  chemists  and  engi- 
eers  who  are  not  fully  satisfied  with  the  performance  of  the 
mventional  types  of  laboratory  furnaces. 

Nearly  everybody  who  has  used  an  electric  furnace  is 
imiliar  with  the  usual  method  of  external  winding.  A  re- 
actory  core  is  wound  on  the  outside  with  a  length  of  resist- 
ace  wire  calculated  to  raise  the  furnace  to  a  predetermined 
:mperature;  this  winding  is  held  in  place  by  a  refractory 
;ment  which  in  turn  is  surrounded  by  insulation.  However, 
ecause  of  the  thermal  insulating  properties  of  such  refractory 
ires  there  is  an  appreciable  drop  in  temperature  between 
le  resistance  wire  and  the  center  of  the  furnace  formed  by 
le  core;  it  is  not  uncommon  with  this  type  of  winding  to 
nd  the  center  of  the  furnace  200°  to  300°  C.  cooler  than  the 
distance  •wire,  across  an  air  gap  of  only  3  inches.  Shorten- 
ig  the  winding  in  order  to  raise  the  furnace  temperature  may 
;sult  in  burning  out  the  wire;  if  the  wire  does  not  melt  it  is 
able  to  fuse  some  ingredient  in  the  retaining  cement,  in  the 
isulation,  or  in  the  core,  which  ultimately  fluxes  the  wire 
ad  causes  a  burnout.  Consequently,  unless  operated  at 
loderate  temperatures  (700°  to  900°  C.),  externally  wound 
lrnaces  may  have  poor  service  records. 

On  the  other  hand  there  is  a  definite  need  in  some  labora- 
)ries  for  furnaces  that  will  operate  serviceably  at  more 
evated  temperatures,  from  1100°  to  1500°  C.  and  higher, 
or  instance,  the  ignition  of  precipitated  alumina  or  silica  to 
instant  weight  cannot  ordinarily  be  accomplished  under 
250°  C .(1,6,11);  in  the  better  texts  on  analytical  chemistry 
blast  lamp  is  usually  recommended  for  this  purpose  instead 
f  standard  types  of  electric  furnaces.  The  inconvenience  and 
isadvantages  of  blast  lamps  are  too  well  known,  particularly 


Figure  1.  Internally  Wound  Alundum  Core 


in  laboratories  where  speed  and  volume  of  work  are  prime 
factors,  to  require  further  mention. 

An  important  reason  for  using  electric  furnaces  in  these 
laboratories  is  to  minimize  deterioration  of  platinumware  at 
elevated  temperatures.  The  authors  are  constantly  fusing 
refractory  materials  that  contain  small  amounts  of  iron,  fer- 
rosilicon,  carbides,  free  carbon,  and  iron  oxides;  in  their 
hands,  when  such  fusions  are  made  with  alkaline  fluxes  over 
gas-fired  burners,  the  atmosphere  surrounding  the  crucibles  is 
often  sufficiently  reducing  to  cause  alloying  of  part  of  the 
iron  with  the  platinum  ( 6 ),  with  consequent  erratic  results  in 
the  iron  determination  and  damage  to  the  crucibles.  This 
situation  can  be  improved  by  prelining  the  crucibles  with  flux, 
but  it  is  completely  eliminated  when  fusions  are  conducted 
in  a  furnace  whose  atmosphere  is  subject  to  accurate  control. 
A  loosely  covered  furnace  like  the  types  described  is  fully 
oxidizing. 

The  conventional  externally  wound  furnace  for  carbon 
combustions  has  also  been  subjected  to  criticism  since  the 
advent  of  the  more  refractory  high-carbon  alloys  and  ce¬ 
mented  carbides.  Some  analysts  ( 9 , 12)  dispense  entirely  with 
the  core,  and  wind  their  combustion  tube  directly  with  re¬ 
sistance  wire  in  order  to  obtain  sufficient  temperature  to 
burn  such  alloys;  to  hold  the  element  firmly  in  place,  this 
practice  requires  that  the  combustion  tube  and  winding  be 
coated  with  a  refractory  cement.  This  procedure  is  satisfac¬ 
tory  at  intermediate  temperatures,  provided  the  resistance 
wire  does  not  melt  any  constituent  in  the  cement  and  cause 
fluxing;  the  best  grades  of  cements,  however,  contain  very 
little  low-melting  constituents.  When  silica,  glazed  porce¬ 
lain,  or  siliceous  clay  tubes  are  wound  directly  with  Kan- 
thal  wire,  failure  is  likely  to  occur  above  1100°  C.;  the 
manufacturers  of  this  resistance  wire  advise  against  having 
it  in  contact  with  free  silica,  low-melting  silicates,  phosphates, 
or  ferric  oxide,  because  these  react  with  and  flux  the  wire  (10). 

The  analysis  of  refractory  materials  in  these  laboratories  re¬ 
quires  high-temperature  fusions,  ignitions,  and  combustions; 
in  order  to  make  more  efficient  use  of  the  various  resistance 
wires  available  on  the  market  the  authors  have  adopted  the 
furnace  construction  described  below  as  applied  to  a  crucible 
furnace. 

Core 

The  use  of  cement  to  hold  elements  in  place  is  usually  disad¬ 
vantageous;  the  cores,  shown  in  Figure  1,  were  therefore  made 
to  support  the  element  at  all  points  to  prevent  sagging.  The 
resistance  wire  is  wound  on  the  inside  of  the  core  and  is  left  ex¬ 
posed,  so  as  to  obtain  maximum  heat  transfer  to  the  material 
that  is  being  heated.  Laboratory  muffle  and  tube  furnaces  of 
various  manufacturers  embodying  this  construction  have  been 
on  the  market  for  some  time,  but  in  the  authors’  hands  they  have 
needed  frequent  repair  because  of  the  necessarily  high  operating 
temperatures.  The  core  is  made  of  Alundum;  this  contains  no 
bond  constituents  that  might  melt,  react  with  the  heating  ele¬ 
ment,  or  distill  out  and  contaminate  crucibles  or  samples. 

This  core  is  also  made  in  two  pieces;  both  pieces  can  be  wound 
continuously  with  a  single  length  of  wire,  the  two  halves  can  be 
wound  separately  and  then  connected  in  series,  or  with  suitable 
current  adjustments  the  two  halves  can  be  connected  in  parallel. 
Separate  winding  of  both  halves  has  the  doubtful  advantage  that 
a  single  defective  unit  can  be  removed  for  repair;  the  authors 
have,  however,  preferred  to  wind  both  halves  together  with  a 
single  length  of  wire,  because  failure  of  one  unit  in  a  series  after 
normal  service  is  usually  followed  rapidly  by  failure  of  the  others 
due  to  progressive  oxidation,  recrystallization,  and  the  like. 
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Heating  Elements 

Any  commercial  resistance  wire  may  be  used,  depending  on  the 
temperature  desired.  Chromel  and  Nichrome,  for  instance,  are 
satisfactory  for  temperatures  under  1100°  C.  with  this  type  of 
core  (13);  from  1100°  to  1300°  C.  Kanthal  has  been  found  very 
serviceable;  from  1300°  to  1500°  C.  a  platinum  or  platinum- 
rhodium  winding  is  most  satisfactory;  and  molybdenum  or 
tungsten  (3,  16),  operated  in  an  atmosphere  of  hydrogen,  may  be 
used  for  still  higher  temperatures.  In  general,  a  resistance  wire 
may  be  used  serviceably  at  a  temperature  150°  C.  below  the 
softening  or  failure  point  of  the  wire;  this  information,  together 
with  data  on  specific  resistance,  calculations  as  to  lengths  re¬ 
quired  for  certain  temperatures,  etc.,  are  obtainable  from  manu¬ 
facturers’  and  distributors’  literature  (2,  7,  10);  good  reviews  of 
practical  data  on  furnace  construction  have  been  published  (H, 
15).  The  proper  length  of  wire,  including  leads  that  are  left 
uncoiled,  is  then  wound  on  an  arbor  of  such  size  that  the  outside 
diameter  of  the  coil  will  slide  through  the  grooves  in  the  core;  a 
coil  0.1875  inch  in  outside  diameter  wound  on  a  0.125-inch  arbor 
is  used  in  the  core  shown  in  Figure  1.  The  wire  should  be  wound 
with  a  light,  even  tension  to  avoid  stretching  and  consequent  hot 
spots.  After  winding,  the  coil  is  stretched  to  the  proper  length 
and  threaded  through  the  grooves. 


Figure  2.  Crucible  Furnace  with  Internally  Wound 
Alundum  Core 


It  is  most  convenient  to  bind  both  halves  of  the  core  together 
with  a  turn  of  wire,  a  piece  of  adhesive  tape,  or  even  string,  be¬ 
fore  beginning  to  thread  the  wire;  the  tape  or  string  will  burn  off 
when  the  furnace  is  heated,  but  when  firmly  tamped  the  insulation 
will  hold  the  core  immovable. 

In  threading  the  wire  through  the  grooves,  it  is  better  to  start 
from  the  middle  of  the  coil  and  work  away  from  the  center  with 
the  two  ends,  in  much  the  same  fashion  as  one  laces  a  shoe.  Then 
both  sides  of  the  coil  can  be  stretched  equally  a  small  additional 
amount  if,  as  usually  happens,  the  original  calculation  of  length 
required  did  not  take  into  account  the  bends  of  the  wire  and  the 
intergroove  spacings  of  the  core.  If  threaded  in  this  way,  one 
must  take  care  to  start  at  a  low  spacer;  the  authors  prefer  to 
start  the  winding  at  the  under  side  of  the  junction  of  the  two 
halves,  shown  in  Figure  1,  and  finish  at  the  under  side  of  the 
opposite  junction. 

Insulation 

It  is  obvious  that  the  better  the  insulation  of  the  wound  core,  the 
better  will  be  the  performance  of  the  furnace.  The  authors’  prac¬ 
tice  has  been  to  place  the  4-inch  outside  diameter  core  assembly 
(Figure  1)  on  a  standard  4-inch  diameter  Alundum  disk  to  keep 
insulating  material  from  sifting  into  the  bottom  of  the  furnace; 
both  core  and  disk  are  then  placed  upon  a  Sil-O-Cel  (8)  No. 
JMC-22  brick  in  a  sheet-iron  shell  8  inches  in  diameter  by  6  inches 
high,  and  are  surrounded  with  insulation.  Most  of  the  authors’ 
furnaces  are  packed  with  firmly  tamped,  powdered  Sil-O-Cel, 
surrounding  the  core  to  a  thickness  of  2  inches ;  the  size  of  the 
shell  and  the  amount  and  type  of  insulation  will  depend  largely 


on  convenience  and  the  space  available  for  the  furnace.  Asbestos 
board,  or  better  still,  a  thin  layer  of  refractory  cement  over  the 
insulation  prevents  dusting. 

The  heat  retentivity  of  this  type  of  assembly,  shown  in 
Figure  2,  can  be  appreciated  after  studying  the  data  in  Table 
I,  as  determined  from  typical  furnaces. 

All  the  temperatures  were  measured  with  the  furnaces  op¬ 
erating  in  a  hood  with  a  good  draft.  The  central  temperatures 
were  measured  with  a  potentiometer  and  thermocouple,  but 
the  temperature  of  the  shells,  which  were  air-cooled  undei 
these  conditions,  was  determined  by  means  of  a  mercury 
thermometer  attached  to  the  shell  with  Plasticene  or  bound 
in  place  with  asbestos  paper.  Such  a  shell  can  be  painted 
successfully  on  the  outside  with  “bronzing  liquids” ;  if  linseed 
oil  is  present,  however,  the  paint  will  soon  scale  off. 

The  top  cover  for  such  a  crucible  furnace  should  be  selected  foi 
both  its  insulating  value  and  durability.  Molded  clay  and  Alun¬ 
dum  tops  are  the  most  durable  but  are  the  poorest  insulators;  a 
furnace  covered  with  a  porous  “H-W  No.  Ill  refractory”  top  (4) 
runs  from  75°  to  100°  C.  hotter  than  when  covered  with  a  clay 
or  Alundum  top.  One  of  the  best  furnace  covers,  although  rather 
crumbly,  is  Sil-O-Cel  No.  JMC-22  brick  (asbestos  bonded);  this 
insulator  will  keep  the  temperature  of  a  furnace  200°  C.  higher 
than  when  covered  with  a  clay  top. 

The  authors  have  been  asked  whether  any  change  took 
place  in  the  weight  of  their  platinumware  when  heated  in 
these  furnaces  at  from  1000°  to  1350°  C.  During  2  years 
they  have  found  no  appreciable  change  in  the  platinum;  so 
there  is  evidently  no  sputtering  or  distilling  of  ingredients 
from  the  base  metal  windings  or  from  the  cores  onto  the 
platinum. 

Tube  furnaces  for  carbon  combustions  are  prepared  in  the 
same  way  as  crucible  furnaces,  using  the  type  of  core  illus¬ 
trated  in  Figure  3.  With  a  fused  silica  tube,  there  is  no  diffi¬ 
culty  in  making  a  carbon  combustion  at  1150°  to  1250°  C., 
where  most  steels  require  no  accelerator  or  flux;  a  silica  tube 
will  ordinarily  be  expected  to  devitrify  and  crack  before  failure 
of  the  element  occurs. 


Table  I.  Temperature  Measurements  on  Crucible 
Furnaces  with  3-Inch  Inside  Diameter 


Outside 

Diameter 

Rating 

Location 

Temperature 

Inches 

Watts 

0  C. 

8 

400 

Center 

1175 

8 

400 

Outside  shell 

90 

8 

375 

Center 

1121 

8 

375 

Outside  shell 

87 

10 

570 

Center 

1390 

10 

570 

Outside  shell 

130 

10 

600 

Center 

1478 

10 

600 

Outside  shell 

135 

The  common  type  of  muffle  furnace  is  built  in  a  similar 
way,  with  an  appropriate  core  and  similar  insulation. 

As  the  electric  current  supplied  to  some  localities  is  subject 
to  fluctuation  because  of  peak  loads,  line  voltage  drops,  etc., 
actual  measurements  should  be  made  on  the  power  available 
before  condemning  a  factory-built  internally  wound  furnace 
for  poor  service,  or  before  proceeding  to  build  a  home-made 
furnace  with  internal  winding.  Provided  the  specific  resist¬ 
ance  and  temperature  coefficient  of  resistance  of  the  wire 
element  are  known,  a  definite  length  of  wire  carrying  a  definite 
power  input  as  an  internal  winding  will  carry  a  furnace  at  a 
certain  temperature  range  with  a  given  insulation;  some 
typical  data  from  the  authors’  crucible  furnaces  are  listed  in 
Table  II. 

These  furnaces  are  operated  intermittently,  running  10 
hours  a  day  for  5  days  a  week;  the  life  of  a  furnace  in  this 
temperature  range  on  this  schedule  can  confidently  be 
expected  to  be  from  9  to  18  months.  On  the  other  hand  ex- 
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Table  II.  Temperature-Power  Data  on  Crucible  Furnaces" 

Resistance 


Total 

Furnace 

Resistance 

Wire 

Wind¬ 

At 

at  full 

Poten¬ 

Tempera¬ 

Furnace 

Wire 

Gage 

ing^ 

20°  C. 
Ohms/ 

temp. 

tial 

I 

P 

ture 

Covering 

Feet 

ft. 

Ohms 

Volts 

Amps. 

Watts 

°  C. 

Canthal  D 

19  Std. 

44.5 

0.681 

30.30 

108 

3.36 

363 

994 

H-W  refraotory 

fanthal  A 

19  Std. 

50.0 

0.567 

28.35 

108 

3.41 

367 

1014 

H-W  refractory 

lanthal A 

19  Std. 

50.0 

0.567 

28.35 

108 

3.41 

367 

1090 

Sil-O-Cel 

Canthal  A 

19  Std. 

43.0 

0.691 

29.71 

110 

3.60 

397 

1175 

Sil-O-Cel 

Canthal A 

19  Std. 

38.5 

0.691 

26.60 

111.5 

4.28 

482 

1304 

Sil-O-Cel 

't-Rh  80-20 

24  B.  &  S. 

26.5 

0.31 

21.60 

111.5 

5.15 

570 

1390c 

Sil-O-Cel 

't-Rh  80-20 

24  B.  &  S. 

21.0 

0.31 

21.20 

111.0 

5.20 

580 

14784 

Sil-O-Cel 

a  Operating  temperatures,  except  where  noted. 
b  Including  leads  as  far  as  connectors. 
c  Operating  temperature,  1300°  C. 

< i  Operating  temperature,  1400°  C. 


pass  through  the  shell  to  hold  the  as¬ 
sembly  together.  In  order  to  prevent 
contamination  of  the  furnace  and  winding, 
there  is  embedded  in  the  center  of  the 
Sil-O-Cel  brick  a  plate  of  a  nonflaking 
molded  refractory  (Alundum  or  H-W  111) 
4  inches  in  diameter  to  cover  the  core. 

Sil-O-Cel  shrinks  and  sinters  markedly 
above  1350°  C.,  so  a  layer  of  200-mesh 
flint  0.5  inch  thick  is  placed  next  to  the 
core  and  is  held  in  place  by  a  rolled  sheet 
of  paper;  powdered  Sil-O-Cel  is  then  used 
to  fill  the  intervening  space  between  the 
shell  and  the  flint.  The  flint  is  the  poorer 
insulator,  but  the  temperature  drop  across 
the  0.5-inch  thickness  is  sufficient  to  pro¬ 
tect  the  Sil-O-Cel  and  preserve  its  insulat¬ 
ing  value. 


ernally  wound  furnaces  of  the  same  type,  size,  and  power  in- 
iut  seldom  attained  1000°  C.,  and  seldom  had  a  life  exceeding 
00  to  300  hours;  a  temperature  of  1250°  C.  could  be  reached 
iy  increasing  the  power,  but  the  life  of  the  element,  even 
hough  embedded  in  specially  prepared  cements,  was  cor- 
espondingly  shorter. 

Platinum-Wound  Furnaces 

Furnaces  wound  with  pure  platinum  will  probably  not  give 
mg  service  at  high  temperatures  because  of  the  volatility 
f  the  platinum.  A  furnace  similar  to  the  ones  described,  but 
.ound  with  platinum  and  more  heavily  insulated,  was  op¬ 
rated  for  a  time  between  1350°  and  1450°  C.  with  a  power 
nput  ranging  from  550  to  650  watts;  its  resistance,  however, 
icreased  slowly  and  steadily  at  these  -temperatures,  indi- 
ating  loss  of  platinum. 

Alloys  such  as  platinum-rhodium  have  better  heat  stability, 
nd  are  recommended  for  this  purpose  by  the  manufacturers 
f  precious  metals.  Platinum-wound  furnaces  should  be  op¬ 
rated  with  an  external  resistance  (preferably  variable)  in 
rder  to  avoid  an  overload  of  current  at  the  start  which  might 
lelt  off  the  leads;  platinum  and  its  alloys  have  a  rather  high 
'Ositive  temperature  coefficient  of  resistance,  and  the  leads 
ave  less  opportunity  to  dissipate  their  heat  than  has  the 
binding.  As  an  added  precaution  against  overheating  the 
uthors  use  doubled  leads  as  far  as  the  core,  made  from  leads 
wice  the  necessary  length,  doubled  back  on  themselves  and 
wisted  together.  The  fur- 
ace  is  started  at  10  per 
ent  more  than  the  wattage 
t  draws  at  full  heat  (pre- 
etermined  by  trial),  and 
he  external  resistance  is 
educed  gradually  as  the 
emperature  rises  until 
nally  the  furnace  is  oper- 
ting  directly  on  the  line. 


The  platinum-wound  fur- 
aces  are  built  as  has  been 
escribed,  but  are  enclosed  in 
shell  10  inches  in  diameter 
nd  8  inches  high,  containing 
dditional  powdered  Sil-O- 
’el.  Since  most  of  the  heat 
)ss  occurs  at  the  top  of  this 
ype  of  furnace,  these  are 
overed  with  a  light  metal 
hell  10.25  inches  in  inside 
iameter  by  5  inches  high 
ontaining,  from  the  bottom 
p,  Sil-O-Cel  JMC-22  brick 
inch  thick,  and  4  inches  of 
owdered  Sil-O-Cel.  Two 
.125-inch  rods  traverse  the 
ricks  at  the  mid-point  and 


At  the  high  temperatures  attained 
there  is  marked  recrystallization  of  the  alumina  in  the 
Alundum  cores;  owing  to  internal  reflection,  many  of  these 
crystals  look  metallic,  but  this  illusion  disappears  when  the 
direction  of  the  incident  and  transmitted  light  is  changed. 

The  question  as  to  whether  a  platinum-wound  furnace  is 
practical  must  be  decided  by  each  individual,  usually  on  the 
basis  of  cost  of  base  metal  windings,  cost  of  replacements, 
and  length  of  service.  Against  the  disadvantage  of  the  initial 
high  cost  of  the  platinum  there  are  the  advantages  that  the 
metal  has  intrinsic  value  which  can  be  liquidated,  that  a 
burned-out  winding  is  never  a  total  loss,  and  that  the  wire  can 
be  mended  if  broken,  or  even  lengthened  if  necessary,  very 
simply  and  in  a  matter  of  minutes  by  means  of  an  underwater 
arc.  Many  base  metals  can,  of  course,  also  be  welded  in  the 
same  way,  provided  embrittlement  with  use  does  not  make 
this  impractical. 

Operating  Temperatures 

The  maximum  temperature  that  a  furnace  will  attain  is 
not  necessarily  its  practical  operating  temperature.  The 
authors  arbitrarily  define  the  operating  temperature  as  that 
temperature  which  will  be  attained  within  a  specified  time 
(1.5  hours  for  furnaces  up  to  1250°  C.,  3  hours  up  to  1400°  C.), 
and  which  will  be  reattained  and  maintained  after  opening 
and  closing  the  furnaces  for  such  purposes  as  to  insert  or  re¬ 
move  crucibles,  swirl  fusions,  etc.  (ordinarily  15  minutes  for 
furnaces  up  to  1250°  C.,  30  minutes  up  to  1400°  C.).  As  a 
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Figure  3.  Tube  Furnace  with  Internally  Wound  Alundum  Core 
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rule  these  operations  involve  from  10  to  30  seconds,  and  the 
furnaces  are  not  cooled  much  more  than  50°  to  100°  C.;  if, 
however,  a  bulky  charge  is  placed  in  a  furnace,  or  the  top  is 
left  off  for  a  longer  time,  a  proportionately  longer  interval 
must  be  allowed  for  the  return  to  operating  temperature. 

Furnaces  are  wound  for  operation  within  a  given  tempera¬ 
ture  range  directly  on  the  line  current  without  external 
resistances,  except  as  noted  in  connection  with  platinum  wind¬ 
ings.  External  resistances  can  be  a  nuisance  in  a  busy  labora¬ 
tory,  because  when  a  hot  furnace  is  required  in  a  hurry  the 
tendency  is  to  cut  out  all  the  resistance  to  ensure  rapid  heat¬ 
ing;  if  one  forgets  to  adjust  the  resistance  at  the  proper  time 
on  a  furnace  that  is  overpowered  for  direct  operation,  some¬ 
thing  is  bound  to  melt,  necessitating  the  rebuilding  of  the  fur¬ 
nace. 

Most  of  the  heat  loss  from  a  crucible  furnace  built  as  de¬ 
scribed  occurs  at  the  top.  The  clay,  H-W  refractory,  and 
Sil-O-Cel  covers  are  convenient  to  handle  and  are  highly 
efficient  for  their  size,  but  the  Kanthal-wound  furnaces  will 
attain  higher  ultimate  temperatures  if  insulated  with  the 
more  cumbersome  type  of  cover  used  on  the  platinum-wound 
furnaces.  In  addition,  however,  to  the  added  inconvenience  of 
such  a  bulky  top,  the  practical  operating  temperature  of  the 
furnaces  is  not  increased  sufficiently  to  warrant  such  a  cover 
when  the  furnaces  are  being  constantly  opened  and  closed. 

Connectors 

Just  as  important  for  the  life  of  the  furnace  as  the  resistance 
winding  is  the  method  of  connecting  the  ends  of  this  winding 
to  suitable  terminals  or  binding  posts;  improperly  made  con¬ 
nections  will  cause  an  early  failure  of  the  wire  near  the  point 
of  contact  because  of  a  tendency  to  arc,  because  of  embrittle¬ 
ment  due  to  recrystallization  of  the  wire,  or  because  of  a 
tendency  toward  accelerated  oxidation  at  this  point.  Con¬ 
nections  are  best  made  at  a  point  outside  the  furnace  so  as  to 
afford  maximum  air-cooling  of  the  terminals.  For  this  pur¬ 
pose,  the  ends  of  the  winding  are  led  through  Alundum  tubes 
and  brought  through  the  shell  at  some  convenient  point; 
they  are  then  attached  to  metal  terminals  rigidly  fastened  to 
a  bracket  supported  by  the  shell.  The  metal  terminals,  shown 
in  Figure  3,  should  be  large  enough  to  dissipate  heat  rapidly 
from  the  ends  of  the  winding;  as  set  screws  used  to  make  con¬ 
nections  often  freeze  upon  being  heated,  and  tend  to  oxidize 
rapidly,  it  has  been  found  more  convenient  to  omit  screws, 
drill  the  terminals  slightly  larger  than  the  resistance  wire, 
crimp  the  wires,  and  force  them  into  the  holes.  Suitable  con¬ 
nector  plugs  are  then  attached  to  the  terminals.  A  number  of 
furnaces  were  built  in  which  connections  were  made  inside  the 
shell  and  the  terminals  protruded  through  the  shell;  these 
were  very  compact  and  neat  in  appearance,  but  all  failed 
within  a  short  time  at  the  connections. 
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Literature  Cited 

(1)  Blum,  W„  J.  Am.  Chem.  Soc.,  38,  1282  (1916). 

(2)  Driver-Harris  Co.,  Harrison,  N.  J.,  “Nichrome”. 

(3)  Fahrenwald,  F.  A.,  J.  Ind.  Eng.  Chem.,  8,  436  (1916). 

(4)  Harbison- Walker  Refractories  Co.,  Pittsburgh,  Penna.,  “Re¬ 

fractories”. 

(5)  Hillebrand,  W.  F.,  and  Lundell,  G.  E.  F.,  “Applied  Inorganic 

Analysis”,  pp.  396,  544,  724,  734,  New  York,  John  Wiley  & 

Sons,  1929. 


(6)  Ilid.,  p.  299,  footnote  7. 

(7)  Hoskins  Manufacturing  Co.,  Detroit,  Mich.,  “Chromel”. 

(8)  Johns-Manville  Co.,  New  York,  N.  Y.,  “Refractories”;  Celite 

Products  Co.,  New  York,  N.  Y.,  “Sil-O-Cel”. 

(9)  Johnson,  C.  M.,  “Chemical  Analysis  of  Special  Steels”,  3rd  ed., 

footnote  p.  504,  New  York,  John  Wiley  &  Sons,  1920. 

(10)  Kanthal  A-B,  Hallstahammar,  Sweden,  “Kanthal  and  Re¬ 

sistance  Materials”;  C.  O.  Jelliff  Mfg.  Corp.,  Southport, 
Conn.;  Canadian  SKF  Co.,  Toronto,  Ont. 

(11)  Lundell,  G.  E.  F.,  Hoffman,  J.  I.,  and  Bright,  H.  A.,  “Chemical 

Analysis  of  Iron  and  Steel”,  pp.  258,  576,  New  York,  John 
Wiley  &  Sons,  1931. 

(12)  Ibid.,  p.  163. 

(13)  Peters,  F.  P.,  Trans.  Electrochem.  Soc.,  68,  29  (1935). 

(14)  Saunders,  L.  E.,  et  al..  Ibid.,  26,  233  (1914). 

(15)  Walden,  L.,  J.  Sci.  Instruments,  16,  1,  92  (1939). 

(16)  Winne,  R.,  and  Dantsizen,  C.,  J.  Ind.  Eng.  Chem.,  3,  770  (1911). 


A  Compact  Gas  Saturator 

AARON  E.  MARKHAM 
University  of  Washington,  Seattle,  Wash. 


IN  SOME  work  on  gas  solubility,  the  gas  saturator  de¬ 
scribed  here  was  found  more  satisfactory  than  the  com¬ 
mercial  Friedrichs  or  Milligan  gas  washing  bottles.  The  ac¬ 
companying  figure  shows  the  apparatus. 

All  the  construction  is  of  glass,  blown  to  form  one  piece.  Tube 
A,  of  3-cm.  diameter,  is  sealed  at  the  top  to  the  egg-shaped  bulb, 
C,  and  at  the  bottom  fits  into  the  conical  flask,  B.  Several  holes, 
about  2  mm.  in  diameter,  are  made  about  5  mm.  from  the  bottom 
of  tube  A.  The  bottom  of  C  opens  into  tube  D,  which  extends 
about  2  mm.  below  the  bottom  of  A.  A  spiral  of  tube  E,  about 
5  cm.  in  diameter  and  closely  wound,  is  sealed  to  the  side  of  C  and 
to  the  top  of  B.  Tubes  G  and  F  make  connection  at  the  top  of  A 
and  C,  respectively,  and  are  extended  to  make  convenient  con¬ 
nections  to  the  gas  supply  and  to  the  apparatus  requiring  the  gas. 

A  short  tube.  H.  is  sealed  to 


B  near  the  bottom,  to  facili¬ 
tate  emptying  and  cleaning. 
Tubes  E,  F,  G,  and  H  are 
about  7  mm.,  while  D  is 
about  5  mm.,  in  outside 
diameter. 

When  used,  H  is  sealed 
off  by  a  rubber  tube  which 
is  plugged.  The  proper 
amount  of  solution  (about 
200  cc.)  is  placed  in  B. 
Gas  is  blown  through  G, 
goes  down  through  A,  and 
bubbles  out  through  the 
small  holes  near  the  bottom 
of  A.  As  it  goes  up  to  the 
top  of  B  and  into  the  spiral, 
which  is  about  150  cm.  long, 
each  bubble  of  gas  pushes 
a  plug  of  liquid  into  the 
spiral  ahead  of  it.  As  the 
gas  bubbles  pass  up  the 
spiral,  the  tube  walls  are 
kept  wet,  giving  intimate 
contact  between  gas  and 
liquid.  The  gas  and  liquid 
both  enter  C,  the  liquid  runs 
back  down  tube  D,  while 
the  gas  leaves  through  F. 

It  is  easy  to  fill  the  ap¬ 
paratus  under  vacuum,  thus 
preventing  solution  of  air 
during  the  filling.  The 
whole  apparatus  can  be  im¬ 
mersed  in  a  thermostat. 
Weights  are  necessary  to 
prevent  tipping. 


A  Precision  Cryostat  for  the  Range 

-35°  to  +25°  C. 


EDWIN  E.  KOPEK,  Chemical  Laboratories  of  Harvard  University,  Cambridge,  Mass. 


PJEVERAL  new  features  have  been  incorporated  in  an 
O  automatic  cryostat,  the  operation  of  which  has  proved 
;o  be  exceedingly  satisfactory.  The  apparatus  requires  no 
ittention  once  it  is  set  in  operation,  it  contains  a  relatively 
arge  constant-temperature  space,  and  it  maintains  constant 
temperatures  to  within  a  few  thousandths  of  a  degree  for  long 
periods  of  continuous  operation. 

Since  the  temperatures  obtainable  with  a  compressor  (and 
tuxiliary  apparatus)  such  as  that  contained  in  commercial 
lousehold  refrigerators  were  well  within  the  required  range, 
t  proved  feasible  to  utilize  a  machine  of  this  type.  After 
Dreliminary  investigations,  the  following  scheme  was  found 
suitable. 

The  compressor  is  kept  in  constant  operation ;  an  expansion 
zalve  in  the  liquid  refrigerant  line  allows  various  quantities 
'depending  upon  the  manual  setting  of  the  valve  orifice  con¬ 


trol)  of  expanded  cold  liquid  phase  to  enter  the  evaporator 
coil,  which  is  immersed  in  a  stirred  liquid  bath  constituting 
the  constant-temperature  region.  In  the  suction  line  (gas 
phase  or  low-side)  leading  from  the  evaporator  to  the  com¬ 
pressor  crankcase  is  placed  a  constant-pressure  valve  which 
maintains  the  pressure  of  the  vaporizing  refrigerant  in  the 
evaporator  at  a  predetermined  value,  depending  upon  the 
manual  setting  of  the  valve. 

With  proper  adjustments  of  the  expansion  and  constant- 
pressure  valves,  an  equilibrium  temperature  is  soon  reached 
in  the  bath,  the  rate  of  attainment  being  determined  by  the 
setting  of  the  expansion  valve  orifice  and  the  ultimate  value 
by  the  setting  of  both  valves.  This  ultimate  (called  the  cool¬ 
ing-equilibrium)  temperature  should  be  somewhat  greater 
than  the  temperature  as  determined  by  the  evaporator  pres¬ 
sure  translated  into  temperature  through  the  intermediary 
of  the  vapor  pressure-temperature  relationship  of  the  re¬ 
frigerant  (a  table  or  graph,  the  latter  being  preferable,  of  the 
vapor  pressure  of  the  refrigerant  in  units  the  same  as  that 
of  the  gages,  is  almost  a  necessity). 

A  continuous  electrical  energy  input  is  then  admitted  to 
the  bath  until  a  temperature  of  a  few  degrees  above  the  cool¬ 
ing-equilibrium  temperature  is  reached;  at  this  point,  the 
continuous  energy  input  is  reduced  in  magnitude  until  it 
does  not  quite  balance  the  energy  withdrawn  by  the  re¬ 
frigeration  system.  The  on-off  intermittent  energy  input  is 
then  placed  in  operation,  along  with  the  modulator.  The 
latter  serves  to  vary  the  continuous  energy  input  slowly,  the 
amount  of  variation  being  a  function  of  the  length  of  time 
that  the  intermittent  heater  is  on  and  is  off;  such  a  type  of 
modulation  tends  to  counteract  the  effect  of  any  slow,  external 
changes  upon  the  system. 

It  is  important  that  the  evaporator  coil  be  run  almost  dry — 
that  is,  that  only  a  small  amount  of  evaporating  liquid  re¬ 
frigerant  spray  be  present  at  any  one  time.  In  this  manner, 
the  coil  will  be  kept  at  a  given  temperature  irrespective  of 
the  bath  temperature,  in  contradistinction  to  the  wet  method 
of  operation  in  which  the  evaporator  is  kept  filled  (generally 
automatically  to  a  predetermined  amount)  with  liquid  phase; 
under  such  circumstances  the  refrigeration  system  will  at¬ 
tempt  to  keep  the  bath  (and  the  coil)  at  a  constant  tempera¬ 
ture.  With  the  wet  method  of  operation,  the  system  of  con¬ 
trol  and  modulation  here  developed  is  not  applicable,  since 
no  great  amount  of  electrical  energy  input  may  be  added  to 
the  bath  without  causing  increased  rate  of  evaporation  which 
tends  to  counteract  (and  generally  widely  overshoots)  the 

• 

Figure  1.  Details  of  Cryostat  (Not  Drawn  to  Scale) 

A.  Aluminum  shell  base  for  Dewar  tube 

B.  Copper  shell  container  for  Dewar  tube 

C.  Terminal  connections  for  bath  heaters,  H 

D.  Pyrex  glass  Dewar  tube 

B.  Transite-board  end  pieces  for  shell,  B 

F.  Points  of  support  of  evaporator  ooil,  N 

H.  Bath  heaters 

K.  Point  corresponding  to  K  in  Figure  2,  where  evaporator  coil  con¬ 

nections  may  be  broken  to  move  cryostat  from  place  to  place.  Cop¬ 
per  tubing  goes  to  liquid  refrigerant  line  from  compressor 

L.  Surface  of  bath  liquid 

M.  Expansion  valve 

N.  Evaporator  coil  . 

O.  Point  corresponding  to  O  in  Figure  2.  Same  function  as  A.  Cop¬ 

per  tubing  goes  to  constant-pressure  valve  ( Q ,  Figure  2) 

S.  Stirrer  assembly  of  two  right-angle  shafts,  each  supported  in  two  ball 

bearings  and  connected  by  45°  gears 

T.  Thermoregulator 
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heating  effect;  if  such  a  heating  operation  is  attempted,  vari¬ 
ous  phenomena  will  result,  depending  upon  the  type  and 
characteristics  of  the  expansion  valve  employed,  and  under 
any  conditions  will  give  flooding  of  the  low-pressure  line, 
excess  cooling,  or  a  dry  coil. 

To  change  the  bath  from  one  operating  temperature  to 
another,  excess  refrigeration  or  excess  electrical  energy  input 
is  employed  to  attain  approximately  the  desired  temperature ; 
since  it  is  considerably  easier  to  perform  minute  changes  by 
means  of  the  electrical  energy  input  than  by  means  of  the 
refrigerating  effect,  the  final  adjustment  is  made  by  the  former 
means.  By  proper  manipulation  of  the  two  valves  on  either 
side  of  the  evaporator  in  conjunction  with  pressure  gages  and 
a  sensitive  temperature-measuring  device,  it  is  simple,  espe¬ 
cially  after  familiarity  with  the  characteristics  of  the  system 
has  been  attained,  to  realize  a  condition  of  the  correct  dryness 
in  the  evaporator  coil. 

The  Bath  Proper 


perature  in  one  instrument  was  satisfactorily  performed,  before 
sealing,  by  a  weighing  method.  An  ordinary  open  type  of  mer¬ 
cury  thermoregulator  was  employed  in  some  preliminary  work 
and  gave  satisfactory  service  (providing  access  of  atmospheric 
moisture  was  prevented)  over  a  period  of  20  to  80  hours,  cleansing 
and  refilling  then  being  necessary  to  reattain  the  previous  sensi¬ 
tivity.  Simplicity  of  adjustment  is  not  compatible  with  high 
sensitivity  and  reproducibility  over  long  periods  of  time,  espe¬ 
cially  at  temperatures  where  icing  from  the  atmosphere  can  take 
place.  The  operation  of  these  hermetically  sealed,  single-valued 
thermoregulators  is  startling,  containing  as  they  do  but  about 
50  cc.  of  mercury,  when  they  are  contrasted  with  those  contain¬ 
ing  20  times  as  much  filling  fluid  having  a  coefficient  of  expansion 
some  ten  times  that  of  mercury. 

Such  instruments  exhibited  but  slight  drift  (less  than  0.002°  at 
—28°  C.,  less  than  0.001°  at  —11°  C.)  over  periods  of  mam 
days  of  constant  operation.  The  disposition  of  the  equipment 
in  and  on  the  cryostat  is  shown  in  Figure  1.  It  was  desirable 
that  the  liquid  utilized  for  the  bath  fluid  be  nonflammable  and 
possess  a  relatively  low  vapor  pressure  and  it  was  imperative  that 
it  have  a  low  freezing  point  and  be  noncorrosive.  A  50  weight 
per  cent  aqueous  solution  of  ethanol  was  satisfactory,  although 
it  is  somewhat  viscous  at  —30°  C. 


The  container  for  the  bath  liquid  was  a  silvered  Dewar  tube  of 
Pyrex  glass  (specially  fabricated  by  the  American  Thermos  Bot¬ 
tle  Co.,  Norwich,  Conn.),  17.8  cm.  (7  inches)  in  diameter  and 
45.7  cm.  (18  inches)  deep,  inside  dimensions.  When  the  evapora¬ 
tor  coil,  heating  units,  stirrer,  and  thermoregulator  were  in  place 
and  the  Dewar  was  filled  to  within  8  cm.  of  the  rim,  a  constant- 
temperature  cylindrical  space  approximately  11  X  36  cm.  was 
available. 

The  heating  units  were  constructed  by  flattening  a  piece  of 
thin-walled  copper  tubing  over  a  doubled  length  (7.5  meters,  26 
ohms)  of  No.  22  asbestos-insulated  Chromel 
wire,  and  brazing  shut  the  bottom  end  of  the 
tube.  The  heating  units  were  wound  into  a  helix 
which  fitted  snugly  inside  the  evaporator  coil. 

One  such  unit  was  employed  for  modulated  con¬ 
tinuous  and  another  for  intermittent  controlled 
heating. 

The  evaporator  coil  was  fabricated  from  9.5- 
mm.  (0.375-inch)  diameter  refrigeration  grade 
copper  tubing  (0.875-mm.,  0.035-inch  wall); 
about  13  meters  were  wound  into  a  helix  of 
24.5  turns  which  were  slightly  spaced  one  from 
the  other  and  the  bottom  end  was  brought  back 
through  the  spiral  to  form  the  low-side  connec¬ 
tion.  To  the  top  end  of  the  evaporator  was 
connected  an  expansion  valve  [No.  672  automatic 
expansion  valve,  1.98-mm.  (0.078-inch)  orifice, 
manufactured  by  the  Detroit  Lubricator  Co., 

Detroit,  Mich.].  (Standard  refrigeration  fittings 
were  used  throughout.)  The  exposed  portions 
of  the  evaporator  fittings  were  thermally  in¬ 
sulated. 

The  thermoregulator  was  of  the  mercury- 
filled  type.  [A  thermoregulator  of  this  type 
precludes  the  use  of  temperatures  below  —35°  C. 

Recently,  there  have  been  described  control 
circuits  that  would  be  applicable  for  lower 
temperatures,  the  modulation  being  inherent  in 
the  type  of  control  ( 1 ,  £).]  It  was  found  that 
in  order  to  secure  reproducibility  in  this  instru¬ 
ment,  it  was  necessary  to  seal  it  hermetically. 

Excellent  performance  was  realized  by  using  more 
than  ordinary  care  in  cleansing,  filling  (about 
50  cc.  of  mercury  were  utilized),  evacuating  (to 
ca.  0.2  mm.),  and  sealing  off  and  by  the  pres¬ 
ence  of  only  pure,  very  clean  mercury  and  clean 
tungsten  wire  inside  the  Pyrex  glass  container. 

One  type  of  hermetically  sealed  thermoreg¬ 
ulator  was  constructed  which  had  provision  for 
adjusting  the  point  of  regulation  by  transferring 
mercury  to  or  from  a  side-arm  reservoir;  it  was 
difficult  to  adjust  this  instrument  to  better  than 
a  few  tenths  of  a  degree  to  a  predetermined 
value,  but  with  more  attention  to  the  design  of 
the  side  arm,  this  could  undoubtedly  be  im¬ 
proved.  To  obtain  a  series  of  temperatures  that 
could  be  exactly  reproduced  at  future  times, 
nonadjustable,  single-valued  hermetically  sealed 
thermoregulators  were  made  up  to  nominal 
values,  in  this  specific  case  to  —30°,  —20°, 

—  10°,  +10°,  and  +20°  C.  The  adjustment  of 
the  proper  amount  of  mercury  for  a  given  tem- 


Refrigeration  Apparatus 

A  compressor  (manufactured  by  the  Servel  Corp.,  New  York, 
N.  Y.)  of  250-watt  (0.33-horsepower)  rating  was  employed,  with 
a  refrigerant  filling  of  Freon- 12  (dichlorodifluoromethane).  It 
was  found  necessary  to  install  an  efficient  oil  trap  in  the  com¬ 
pressed  gas  line  leading  from  the  compressor  to  the  condenser; 
until  this  was  done,  constant  cooling  could  not  be  secured, 
probably  because  chilled  oil  slowly  clogged  the  expansion  valve 
orifice.  Shutoff  valves  were  installed  in  the  two  copper  tubing 


Figure  2. 


Schematic  Diagram  of  Refrigeration  Cycle  (Not  Drawn  to 
Scale) 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

J. 

K. 

L. 

M. 
TV. 

P. 

Q. 

R. 

S. 

T. 

U. 

V. 


Compressor 

High-pressure  line  from  compressor,  0.375-inch  tubing 
Air  condenser 

Oil  filter  in  compressed  gas  line 
Oil  return  line  to  crankcase 

Filter  in  condensed  liquid  line.  From  here,  line  is  of  0.25-inch  tubing 
Sight  glass 
Dehydrator  tube 

Liquid  line  shutoff  valve  leading  to  trap-refrigerating  apparatus 
Liquid  line  shutoff  valve  leading  to  cryostat  unit 
Gage  for  high-pressure  side  of  compressor,  1  to  14.6  atmospheres 
Expansion  valve  mounted  above  cryostat 

Evaporator  coil  in  cryostat  of  0.375-inch  copper  tubing.  From  here  all  low-pressure 
line  is  of  0.375-inch  size 

Cryostat  evaporator  gage,  0  to  5.1  atmospheres  compound  type 
Constant-pressure  valve,  range  660  to  2830  mm. 

Valve  to  permit  evaporator  between  K  and  S  to  be  exhausted  by  auxiliary  vacuun 
pump  when  evaporator  system  is  broken  open  at  K  and  0 
Suction  line  shutoff  valve  for  cryostat  unit 

Suction  line  shutoff  valve  leading  to  trap-refrigerating  apparatus 
Suction  line  gage,  0  to  12.9  atmospheres,  compound  type 
Suction  line  leading  to  compressor 
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leads  to  the  cryostat  evaporator,  so  that  it  could  be  removed 
without  releasing  the  Freon  in  the  compressor  side  of  the  system. 
Three  pressure  gages  proved  to  be  indispensable  in  setting  the 
apparatus  in  operation.  In  the  low-side  of  the  evaporator  line 
leading  to  the  compressor  was  placed  a  constant-pressure  valve 
(Tvpe  CP  35H,  manufactured  by  the  Fedders  Mfg.  Co.,  Inc., 
Buffalo,  N.  Y.)  to  control  the  evaporator  pressure. 

The  schematic  diagram  of  Figure  2  illustrates  the  complete 
system.  Parallel  to  the  copper  tubing  lines  leading  to  the  cryostat 
unit,  another  pair  (J  and  R,  Figure  2)  was  taken  off  to  cool  a 
trap  to  various  temperatures;  the  trap  evaporator  coil  (not 
shown  in  Figure  2)  was  connected  to  a  thermostatically  con¬ 
trolled  (by  Freon  vapor  pressure),  constant-superheat  expansion 
valve  and  to  a  second  constant-pressure  valve.  The  two  cooling 
systems  both  operating  from  the  same 
compressor  interacted  to  a  negligible 
degree,  except  when  the  temperature 
of  one  or  the  other  was  deliberately 
changed  by  many  degrees. 

Electrical  Control  Circuit 

A  Thyratron  (FG-57)  tube  served 
as  a  relay  to  translate  the  minute  (40- 
microampere)  thermoregulator  im¬ 
pulses  into  intermittent  energy  input 
to  the  bath.  It  was  found  necessary 
to  modulate  the  continuous  energy  in¬ 
put  to  the  bath,  since  external  variables 
such  as  room  temperature,  barometric 
pressure,  and  power  line  voltage  were 
influencing  the  operation  to  an  ap¬ 
preciable  extent.  A  modulating  de¬ 
vice,  which  had  been  constructed  in 
connection  with  another  problem,  was 
added  to  the  control  system.  This 
complicated  the  electrical  circuit 
(mainly  because  of  the  inclusion  of  the 
Variac  transformer  in  the  modulator) 
but  the  resultant  excellent  operation 
of  the  control  served  to  justify  the 
addition.  The  modulating  device  is 


Figure  3.  Electrical  Control  Circuit 

B.  Rectifier-filter  output 
Tl.  Type  45  amplifier  electron  tube 
Ml.  Microammeter  in  thermoregulator  circuit 
T. 

T  2. 

R 1. 

R2. 

R3. 


Thermoregulator  connections 
Type  FG-57  Thyratron  tube 
Grid  leak  resistor,  0.6  megohm 
Resistor,  0.25  megohm 

_  Grid  leak  resistor,  2.0  megohm 

M2.  Milliammeter  in  mechanical  relay  circuit 
FI.  Filament  connections  for  T 1,  2.5  volts 
Heater  connections  for  T 2,  5.0  volts 

Mechanical  relay,  11,000  ohms,  contact  arm  in  position  shown  (cooling 
part  of  cycle)  when  relay  is  not  energized 
Neon  glow  lump  across  intermittent  heater  leads,  installed  directly 
above  thermometer-galvanometer  scale 
Neon  glow  lamp  across  Telechron  coil,  C 2 
..  Neon  glow  lamp  across  Telechron  coil,  C 3 
MS.  Ammeter  in  intermittent  heater  leads 

C 2.  Telechron  stator  coil,  energized  on  heating  part  of  cycle  to  rotate  mov¬ 
able  arm  E  (on  Variac)  clockwise,  increasing  energy  supplied  to  heater, 
HI 

Telechron  stator  coil,  energized  on  cooling  part  of  cycle  to  rotate 
E  counterclockwise,  decreasing  energy  supplied  to  HI 
S2.  Safety  contact  devices,  normally  closed  as  shown,  to  prevent  t 
from  passing  beyond  end  of  normal  path 
Mechanical  coupling  between  Telechron  rotor  and  E 
Variac,  variable  autotransformer 
Variable  resistor  in  continuous  heater  circuit 
Ammeter  in  continuous  heater  circuit 
Variable  resistor  in  intermittent  heater  circuit 
HI.  Bath  heater  coil,  26  ohms,  for  continuous  energy  input  to  bath 
H 2.  Bath  heater  coil,  26  ohms,  for  intermittent  energy  input 


F  2. 
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N 1. 

N2. 

N3. 


C  3. 
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one  of  the  type  mentioned  by  Kistiakowsky  et  al.  ( 6 ),  and  since 
utilized  by  Gucker  et  al.  (5). 

In  principle,  the  continuous  heating  current  supplied  to  the 
bath  is  slowly  increased  during  the  time  that  the  intermittent 
heater  is  on  and  slowly  decreased  during  the  time  that  the  heater 
is  off.  This  arrangement  tends  to  give  heating  and  cooling 
periods  of  equal  time  intervals.  Any  external  agency  acting  to 
influence  the  operation  of  the  bath  will  be  counteracted,  providing 
the  agency  changes  at  a  rate  comparable  to  or  less  than  the  rate 
of  counteraction.  In  practice,  this  principle  was  applied  by 
means  of  a  variable  autotransformer,  the  Variac  (manufactured 
by  the  General  Radio  Co.,  Cambridge,  Mass.),  the  output  of 
which  is  varied  by  means  of  a  reversible,  synchronous  electric 
motor,  the  Telechron  [Model  43M  536,  Type  C2M,  12-watt, 
manufactured  by  the  Warren  Telechron  Co.,  Ashland,  Mass. 
One  stator  coil  (6-watt)  was  removed  and  so  replaced  that  it 
gave  opposite  direction  of  rotation  when  energized],  geared  to 
the  movable  arm  of  the  transformer.  [This  method  of  the  Tele¬ 
chron- Variac  was  suggested  to  the  author  by  Professor  Kistia¬ 
kowsky  of  these  laboratories  as  being  somewhat  simpler  than 
the  magnetic  clutch  mentioned  in  (d).]  The  shaft  of  the  motor 
revolved  at  60  r.  p.  h.;  this  was  geared  down  to  0.417  r.  p.  h. 
and  at  1-ampere  transformer  output  this  rate  of  rotation  changed 
the  output  about  0.013  ampere  per  minute.  To  control  the  direc¬ 
tion  of  rotation  of  the  Telechron,  an  electron  tube  relay  circuit 
was  constructed,  with  its  grid  tied  in  to  the  Thyratron  grid,  so 
that  when  the  thermoregulator  made  contact  both  grids  were 
given  a  negative  charge.  [It  was  necessary  to  construct  a  recti- 


Figure  4.  Typical  Temperature  Fluctuations  of  Bath  Operating  at  -28.11°  C. 
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Figure  5.  Typical  Temperature  Fluctuations  of  Bath  Operating  at  —11.37°  C. 


Table  I.  Cryostat  Specific  Constants 

Constants  of  Electrical  Circuit  and  Refrigeration  Apparatus 


Thermoregulator  current,  microamperes  39 

Grid  bias  impressed  on  thermoregulator,  volts  20 

Mechanical  relay  current,  milliamperes  0 . 2  and  2 . 0 

Intermittent  heater  current,  alternating,  ampere  0.53 

Intermittent  mean  energy  input,®  calories  per  minute  45 

Evaporator  coil  pressure,  mm.  633 


Variables  That  Change  Slowly  with  Time 

- — - Observed - 

Minimum  Maximum 

Mean  bath  temperature,  0  C.  —28.111  —28.109 


Mean  bath  fluctuation  (total),  millidegrees  1.2  2.6 

Mean  thermoregulator  response, f>  millidegree  0.7  0.9 

Room  temperature,  °  C.  20.0  26.0 

Heat  leak  into  bath  (from  room  plus  stirring),® 

calories  per  minute  430  480 

Modulated  continuous  current,  alternating,  ampere  0.89  1.00 

Modulated  continuous  energy  input,®  calories  per 

minute  260  330 

Mean  amount  of  energy  removed  from  bath  by  re¬ 
frigeration  system,  calories  per  minute  800 

Mean  weight  of  Freon  vaporized  per  minute,  grams  20 

Constants  of  Bath 

Quantity  of  stirred  liquid,  liters  7.0 

Heat  capacity,  K.  calories  per  degree®  6 . 5 

Heat  leak  (from  room  plus  stirring),  calories  per 
minute  per  degree  temperature  difference  between 
bath  and  room  8.9®'e 

Constants  of  Freon  (S,  4) 

Temperature  of  saturated  vapor  at  633-mm. 

evaporator  pressure,  0  C.  —34.0 

Latent  heat  of  vaporization  at  —28.1°  C.,  K.  calories 

per  mole  4.81 


“  From  experiments  utilizing  cryostat  as  calorimeter. 

b  Difference  between  mean  bath  fluctuation  and  mean  thermoregulator 
response  is  attributable  to  stirring  lag,  induced  because  of  viscosity  of  bath 
liquid  at  this  temperature. 

e  Heat  of  stirring  is  about  equivalent  to  cooling  effect  due  to  evaporation 
from  surface  of  bath  liquid  at  room  temperature. 


fier- filter  system  for  the  voltage  supply  to  the  electron  tube,  since 
the  11 5- volt  alternating  current  (and  also  the  120-volt  direct 
current)  line  being  grounded  on  one  side  gave  rise  to  undesirable 
interaction  between  the  two  tubes  when  it  was  used  as  the  voltage 
source.]  In  the  plate  circuit  of  the  electron  tube  was  inserted  a 
mechanical  relay  of  the  telephone  type  (Type  Z  4087,  11,000- 
ohm  coil,  obtainable  from  the  General  Electric  Co.,  Schenectady, 
N.  Y.),  which  closed  at  1.6  milliamperes  and  opened  at  0.6  milli- 
ampere,  thus  preventing  excessive  chattering.  The  electrical 
circuit  is  shown  in  Figure  3. 

Temperature-Measuring  Device 

A  25-ohm  platinum  resistance  thermometer,  which  has  been 
described  together  with  the  bridge  and  accessories  in  two  previous 
articles  (7,  8),  was  utilized  for  ascertaining  the  exact  temperature 
to  an  accuracy  of  a  few  hundredths  of  a  degree,  and  as  a  differen¬ 
tial  instrument,  for  investigating  the  small  fluctuations  occurring 
in  the  bath  due  to  the  operation  of  the  on-off  heater  and  for  aid¬ 
ing  in  initially  setting  the  evaporator  coil  valves  and  the  magni¬ 
tude  of  the  continuous  energy  input.  For  the  latter  purposes, 
the  thermometer  current  could  be  increased  to  5.0  milliamperes, 
giving  a  sensitivity  of  0.00014°  per  mm.  of  scale  deflection.  [An 
error  is  made  in  (7)  in  stating  that  the  thermometer  current 
was  2.6  milliamperes.  It  should  have  been  given  as  battery  cur¬ 
rent,  which  gives  a  thermometer  current  of  1.3  milliamperes,  the 
normal  thermometer  current  used  when  obtaining  absolute  tem¬ 
peratures.]  The  large  current  of  5  0  milliamperes  gave  rise  to  a 
certain  amount  of  heating  in  the  thermometer  coil  proper,  but 
this  was  of  no  import  when  investigating  the  small  changes  by  a 
differential  method  based  on  the  precision  of  the  measuring  ap¬ 
paratus. 


Cryostat  Specific  Constants 

By  adding  known  amounts  of  electrical  energy,  using  the 

_  bath  heating  coils,  and  noting  the  tem- 

perature  rise,  the  heat  capacity  of  the 
Table  II.  Operation  of  Bath  at  —28.11°  C.  over  a  5-Day  Period  bath  and  contents  could  be  determined 


Time 

Mean  Bath 
Temperature® 

Mean  Total 
Bath  Variation^ 

Hours 

°  C. 

°  C. 

0  d 

-28.1098 

±0.0013 

28d 

-28.1104 

±0.0006 

484 

-28.1101 

±0.0013 

764 

-28.1093 

±0.0013 

100 * 

-28.1109 

±0.0012 

Mean 

Mean 

Heating 

Continuous 

Compressor  Pressure 

Period® 

Current 

Low-side 

High-side 

Sec. 

Amp. 

Mm. 

Atm. 

53 

0.89 

603 

8.1 

48 

0.97 

50 

0.98 

534 

£L4 

52 

0.92 

595 

8.8 

45 

1.00 

493 

8.8 

(correcting  for  the  fore  and  aft  rate  of 
rise  due  to  heat  leak  from  the  environ¬ 
ment  and  from  the  stirring) .  When  this 
was  done,  the  heat  leak  from  the  room 
plus  that  developed  from  stirring  could 
be  evaluated  by  noting  the  rise  of  tem¬ 
perature  over  a  period  of  time  under 
differing  temperature  gradients.  The 
data  are  given  in  Table  I  and  are  the 
result  of  several  trials;  the  accuracy  is 
probably  about  5  per  cent,  adequate 
for  use  in  calculations  and  in  design. 


®  Exact  temperature  measurements,  with  1 . 25-mi  Hi  ampere  thermometer  current, 
t  Differential  temperature  measurements,  arbitrary  zero,  with  5.00-milliamper 


rent. 


temperature  measurements,  arbitrary  zero,  with  5.00-milliampere  thermometer  our- 

c  Cooling  period  same  (under  majority  of  conditions)  at  any  given  time,  because  of  influence  of 
modulator. 

4  Trap  being  refrigerated. 

*  Trap  not  being  refrigerated. 
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Test  Runs 

The  cryostat  has  been  held  at  various  temperatures  from 
20°  to  —28°  C.  for  varying  periods,  in  one  instance  for  2 
eks  of  continuous  operation.  Various  data  and  results  of 
Iculations  for  the  run  at  -28.11°  C.  are  presented  in  Tables 
md  II.  The  values  in  Table  I  are  the  extremes  observed, 
t  necessarily  at  the  same  time,  and  in  all  probability  do  not 
present  the  maximum  differences. 

Table  I  shows  that  the  variation  in  the  total  heat  leak  was 
somewhat  greater  magnitude  than  the  mean  intermittent 
ergy  input,  and  that  the  variation  in  the  modulated  con- 
iuous  energy  input  was  nearly  twice  that  of  the  mean  in- 
'mittent  energy  input.  This  forcibly  illustrates  the  neces- 
y  of  a  modulator  in  such  a  control.  The  data  of  Table  II 
iicate  that  the  control  functions  exceptionally  well  over  long 
riods  of  time,  in  spite  of  external  fluctuations,  and  that  high 
ermoregulator  stability  has  been  secured.  At  the  observa- 
mal  period  of  48  hours,  the  data  plotted  in  Figure  4  were 
tained.  At  a  later  period,  with  the  bath  operating  at 
11.37°  C.,  after  the  stirring  had  been  improved  and  with 
somewhat  more  sensitive  thermoregulator  (owing  to  more 
orough  methods  of  filling  and  a  sharper  tungsten  contact 
re),  the  data  of  Figure  5  were  gathered. 

Without  the  modulator,  the  control  system  functions  to 
tout  ±0.1°  with  no  manual  adjustment;  if  occasional  man- 
il  adjustment  is  performed,  ±0.03°  can  be  readily  realized 
iring  the  time  that  the  bath  temperature  is  under  direct 


observation.  A  compressor  of  the  size  described  here  is 
capable  of  holding  the  bath  at  -40°  C.;  with  a  larger  ma¬ 
chine,  undoubtedly,  lower  temperatures  may  be  attained. 
A  simpler  electrical  circuit  can  be  designed,  employing  a 
circular  resistance  in  place  of  the  Variac  and  utilizing  a 
mechanical  relay  in  the  Thyratron  plate  circuit  to  control 
the  direction  of  rotation  of  the  Telechron,  thus  dispensing 
with  the  45-electron  tube.  Such  a  system  as  the  author  has 
developed  could  be  applied  to  a  much  larger  bath,  since  at 
—  18°  C.  the  compressor  is  doing  but  approximately  half  the 
work  for  which  it  is  rated. 
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A  Nebulizer  for  Inhalation  Experiments 

HOLLAND  J.  MAIN,  Medical  College  of  Virginia,  Richmond,  Va. 


ECENTLY  the  author  had  need  of  a  nebulizer  to  pro- 

_ duce  a  fine  mist  of  various  solutions  for  inhalation  by 

cperimental  animals.  Several  types  of  nebulizers  available 
immercially  or  reported  in  the  literature  were  either  tried 


r  considered,  but  they 
mattered  droplets,  were  diffi- 
ilt  to  make,  or  were  not 
impact.  Since  the  concen- 
■ation  of  the  vapor  was  to 
e  determined  by  measuring 
re  air  blown  through  per 
nit  of  time  and  calculating 
re  amount  of  liquid  carried 
ver  by  the  difference  be- 
ween  primary  and  final 
^eights,  it  was  necessary  to 
btain  a  nebulizer  which  did 
ot  spatter,  and  which  would 
roduce  a  mist  that  did  not 
eadily  settle  out. 

Consequently  the  glass 
lebulizer  supplied  by  Parke, 
)avis  and  Company  was 
nodified  as  shown  in  Fig- 
ire  1  (made  by  E.  Machlett 
i  Son,  220  East  23rd  St., 
few  York,  N.  Y.) .  This  has 
iroved  very  satisfactory  for 
he  types  of  solutions  used, 
n  not  spattering  and  in 
iroducing  a  stable  smokelike 
nist. 


Lip  A  prevents  fluid  collecting  in  the  outlet  tube  from  being 
blown  out  in  droplets.  The  slope  of  tube  B  causes  such  drops 
to  run  back.  Bend  C  prevents  drops  from  being  blown  out.  The 
bores  of  the  tips  of  tubes  D  and  E  are  approximately  0.7  mm.  in 
internal  diameter.  The  total  height  is  19  cm. 

The  lower  bulb  holds  15  cc.  of  fluid,  and  could  easily  be  made 
larger  in  diameter  to  hold  more.  With  a  pressure  of  569  mm.  of 
mercury  (11  pounds  per  square  inch),  8  liters  of  air  per  minute 
pass  through.  The  nebulizer  uses  from  4.5  to  8  cc.  per  hour  of 
kerosene  solution,  depending  upon  the  concentration  of  the  solute 
and  the  temperature. 

An  Allied  rotary  air  blast  pump  without  a  pressure  tank  is  used. 
A  large  glass  tube  filled  with  glass  wool  is  interposed  between 
pump  and  nebulizer  to  act  as  an  oil  trap.  The  output  of  air  from 
the  atomizer,  with  a  fixed  setting  of  the  stopcocks  on  the  pump, 
is  measured  occasionally  by  a  wet  gas  meter  to  ensure  constant 
output. 


This  apparatus  has  proved  satisfactory  for  such  solutions 
as  an  organic  thiocyanate  in  refined  kerosene.  No  concentra¬ 
tion  of  this  solution  occurred  in  the  nebulizer,  as  proved  by 
chemical  analysis.  When  used  for  hygroscopic  substances 
like  propylene  and  diethylene  glycol  and  glycerol,  the  mois¬ 
ture  in  the  air  dissolves  in  the  solvent,  making  it  impossible 
to  determine  how  much  solvent  has  passed  over  by  merely 
weighing  the  tube.  In  these  cases  chemical  analyses  of  the 
residue  as  well  as  weights  are  required.  If  a  source  of  air 
of  constant  humidity  is  available,  the  concentration  of  ma¬ 
terial  in  equilibrium  with  this  humidity  can  be  determined, 
and  this  mixture  used  without  necessity  for  analyses. 
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Estimation  of  Submicroquantities  of  Calcium 

ALBERT  E.  SOBEL  and  I.  ALLAN  KAYE 
The  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.  Y. 


QUANTITATIVE  isolation  of  small  amounts  of  calcium 
may  be  achieved:  (1)  by  precipitating  the  oxalate  in  a 
small  volume,  (2)  by  washing  with  small  volumes  of  washing 
fluid,  and  (3)  by  employing  a  common  ion — namely,  oxalate — 
in  the  washing  fluid  {10). 

In  titrating  the  precipitate,  two  choices  are  available. 
First,  smaller  amounts  of  the  titrating  solutions  may  be  used, 
in  which  case  a  specially  designed  capillary  microburet  is  em¬ 
ployed  {10).  The  second  approach  involves  the  use  of  more 
dilute  standard  solutions — i.  e.,  0.001  to  0.0005  N — and  is 
preferred  in  most  laboratories  because  the  capillary  micro¬ 
buret  is  at  present  not  generally  available  and  its  use  involves 
special  care  in  calibration  and  manipulation. 

The  main  drawback  in  the  use  of  very  dilute  standard  solu¬ 
tions  lies  in  the  difficulty  of  obtaining  a  sharp  end  point. 
After  considerable  investigation  it  was  found  that  under  con¬ 
trolled  conditions  the  starch-iodide  end  point  can  be  reliably 
employed  with  solutions  as  dilute  as  0.0005  N  sodium  thio¬ 
sulfate;  it  was  then  possible  to  attack  the  problem  of  esti¬ 
mating  submicroquantities  of  calcium  with  the  ordinary 
microburet  (5-  to  10-cc.  volume). 

An  attempt  was  made  to  determine  calcium  as  the  carbon¬ 
ate  rather  than  the  oxalate,  as  conversion  of  the  calcium  oxa¬ 
late  precipitate  to  calcium  carbonate  offers  several  theoretical 
and  practical  advantages  over  the  direct  use  of  calcium  oxa¬ 
late  (4).  The  precipitate  can  be  washed  with  ammonium 
oxalate,  minimizing  the  loss  of  calcium  oxalate  through  solu¬ 
tion.  Adsorbed  oxalate  ions,  as  well  as  coprecipitated  am¬ 
monium  oxalate,  are  volatilized  during  the  ignition  when  the 
calcium  oxalate  is  converted  to  calcium  carbonate  (or  calcium 
oxide).  Fewer  washings  are  necessary.  However,  all  the 
hitherto  available  microprocedures  which  employ  calcium 
carbonate  are  acidimetric  {8,  5-7,  9,11)  and  thus  not  suitable 
for  an  iodometric  titration,  which  is  oxidimetric.  It  was 
possible,  however,  to  convert  an  essentially  acidimetric  pro¬ 
cedure  to  an  oxidimetric  process  by  the  following  reactions: 

2H+  +  KIO3  (excess)  +  5KI  (excess) - >  I2  +  H20  +...  (1) 

I2  +  2Na2S203  5tar?V  Na&Oe  +  2NaI  (2) 

In  the  presence  of  an  excess  of  potassium  iodate  and  potas¬ 
sium  iodide  the  amount  of  iodine  liberated  is  equivalent  to  the 
acid  present,  since  Reaction  1  goes  to  completion  {2,  4)  •  The 
liberated  iodine  can  be  quantitatively  titrated  with  standard 
thiosulfate  in  the  presence  of  starch.  Thus  the  amount  of 
acid  present  in  a  given  solution  may  be  determined  oxidimet- 
rically  by  the  sensitive  iodine-starch  end  point.  The  titer  of 
the  relatively  unstable  sodium  thiosulfate  may  be  standard¬ 
ized  by  0.01  N  acid  whose  titer  is  constant,  whereas  the  titer 


of  the  usual  oxidimetric  standards  is  unstable  at  0.01  N 
strength  and  requires  frequent  checking.  The  use  of  at  least 
one  stable  standard  in  the  titration  is  of  considerable  advan¬ 
tage  to  the  analyst  who  is  often  pressed  for  time. 

After  establishing  the  validity  of  determining  small  amounts 
of  standard  acid  by  Reactions  1  and  2,  a  similar  procedure  was 
applied  to  the  microestimation  of  calcium  in  the  calcium  car¬ 
bonate  precipitate.  The  precipitate  was  dissolved  in  an  ex¬ 
cess  of  0.01  N  hydrochloric  acid.  The  excess  acid  was  then 
determined  by  the  addition  of  excess  potassium  iodate  and  po¬ 
tassium  iodide  and  the  liberated  iodine  back-titrated  with 
approximately  0.0007  N  sodium  thiosulfate.  It  was  possible 
to  determine  with  a  high  degree  of  precision  amounts  as  low  as 
0.004  mg.  of  calcium,  using  a  5-cc.  microburet. 

Method 

Reagents.  Hydrochloric  acid,  0.01  N.  Bromothymol  blue, 
0.04  per  cent,  prepared  according  to  Clark  {1). 

Ammonium  oxalate.  A  saturated  solution  of  c.  p.  ammonium 
oxalate  is  prepared  at  about  50°  C.  and  allowed  to  cool  to  room 
temperature.  The  clear  supernatant  solution  is  used. 

Ammonium  oxalate,  0.5  per  cent,  prepared  by  dissolving  0.5 
gram  of  c.  p.  ammonium  oxalate  in  distilled  water  and  diluting 
to  100  ml. 

Sodium  thiosulfate,  0.1  N,  prepared  according  to  Kolthoff  and 
Sandell  (4). 

Sodium  thiosulfate,  0.0007  to  0.0006  N,  prepared  by  diluting 
0.7  cc.  of  the  0.1  N  sodium  thiosulfate  solution  to  100  ml.  with 
distilled  water.  This  solution  deteriorates  very  slowly  on  stand¬ 
ing  at  room  temperature — 1  to  2  per  cent  in  the  course  of  a  month. 

Potassium  iodate,  0.05  per  cent.  Potassium  iodide,  1  per  cent. 

These  solutions  may  be  prepared  roughly'  by  the  addition  of  a 
knife-tip  of  the  solids,  potassium  iodide  and  potassium  iodate,  to 
a  small  amount  of  water.  They  should  be  tested  before  use  for 
the  presence  of  free  iodine  by  mixing  equal  volumes  with  a  few 
drops  of  starch.  If  a  blue  color  develops,  new  solutions  should  be 
prepared. 

Starch,  0.2  per  cent,  prepared  according  to  Kolthoff  and  San¬ 
dell  (4). 

Apparatus.  A  specially  designed  Pyrex  glass  tube  with  wall 
1.2  to  1.5  mm.  thick  is  used  as  a  centrifuge  tube.  The  over-all 
length  is  74  to  76  mm.  and  the  internal  diameter  is  from  1 1  to  13 
mm.  The  conical  portion  of  the  tube  is  about  23  to  25  mm.  and 
it  has  a  flat  bottom  approximately  2  to  2.5  mm.  in  diameter. 
The  flat  bottom  is  important,  as  it  permits  the  precipitate  to  pack 
down  in  a  thin  flat  layer,  easily  dissolved  subsequently,  and  it 
permits  aspiration  of  almost  the  entire  supernatant  liquid  above 
the  precipitate. 

A  5-  or  10-ml.  buret  is  calibrated  to  0.01  ml. 

The  0.2-ml.  pipet  is  a  capillary  pipet  graduated  in  0.01  ml.  be¬ 
tween  marks.  The  over-all  length  of  the  graduated  portion  is 
about  140  to  160  mm. 

Glass  stirring  rods  3  to  4  mm.  in  diameter  have  an  over-all 
length  of  105  to  1 10  mm.  One  end  is  drawn  out  about  10  mm.  to 
form  a  flat  tip  about  1  mm.  in  diameter. 

Procedure.  Into  one  of  the  specially'  designed  Pyrex  centri¬ 
fuge  tubes  0.2  ml.  of  solution  is  measured.  (The  tube  should  be 
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cleaned  with  cleaning  mixture  before  being  used,  thoroughly 
rinsed  with  distilled  water,  and  then  dried  in  an  oven.)  To  this 
is  added  0.2  ml.  of  saturated  ammonium  oxalate  solution  in  such 
a  fashion  that  the  walls  of  the  centrifuge  tube  are  washed.  One 
drop  of  bromothymol  blue  solution  is  then  added  and  the  con¬ 
tents  of  the  tube  are  thoroughly  mixed.  The  pH  is  adjusted  to 
the  faint  blue  color  which  corresponds  to  a  pH  of  about  " 

After  standing  at  least  1  hour,  the  tube  is  centrifuged  at  3000 
r  p.  m.  for  15  minutes,  and  the  supernatant  liquid  is  aspirated 
with  a  drawn-out  tube  and  rubber  bulb  without  disturbing  the 
precipitate.  The  precipitate  is  then  suspended  in  0.3  ml.  of  0.5 
per  cent  ammonium  oxalate  solution  and  recentrifuged  at  3000 
r.  p.  m.  for  15  minutes.  The  supernatant  liquid  is  removed  by 
aspiration  and  the  remaining  liquid  in  the  tube  evaporated  in  an 
oven  at  about  110°  C.  When  dry,  the  tube  is  placed  in  a  muffle 
furnace  at  about  560°  C.  for  1  hour. 

After  cooling  to  room  temperature  0.2  ml.  of  0.01  A  hydro¬ 
chloric  acid  is  added  and  the  precipitate  is  broken  up  with  a  stir¬ 
ring  rod.  Solution  is  completed  and  the  last  trace  of  carbon  di¬ 
oxide  expelled  by  placing  the  tube  in  a  boiling  water  bath  for 
about  15  minutes  with  occasional  stirring.  After  cooling,  1  drop 
of  0.05  per  cent  potassium  iodate  is  added,  followed  by  1  drop  of 
1  per  cent  potassium  iodide.  The  contents  of  the  tube  are  mixed 
thoroughly  with  the  aid  of  the  stirring  rod  and  the  amount  of 
iodine  liberated  is  titrated  with  an  approximately  0.0007  N  so¬ 
dium  thiosulfate  solution.  When  most  of  the  iodine  color  has 
disappeared  a  few  drops  of  0.2  per  cent  starch  solution  are  added 
and  the  contents  of  the  tube  are  again  mixed  with  the  aid  of  the 
stirring  rod.  Titration  is  continued  until  the  solution  is  colorless. 
This  is  easily  visible  in  daylight  against  a  white  background.  The 
sodium  thiosulfate  is  standardized  daily  by  titrating  0.2  ml.  of 
0.01  N  hydrochloric  acid  in  the  same  fashion. 

Procedure  for  Blood  Serum.  The  method  is  directly 
applicable  to  fresh  serum  except  that  no  adjustment  of  pH  is 
necessary.  At  least  3  hours  should  be  allowed  for  complete 
precipitation  of  the  calcium  oxalate. 


Calculation. 

[Total  ml.  of  0.01  N  HC1  -  (ml.  of  Na2S203  X  factor)]  X 

0.2  =  mg.  of  calcium 


Factor  = 


ml.  of  0.01  N  hydrochloric  acid 


ml.  of  sodium  thiosulfate  equivalent  to  above  acid 
mg.  of  calcium  X  100 


Mg.  per  cent  of  calcium  =  mLof  sample  measured 


Sample  Calculation. 

0.2  ml.  of  0.01  N  hydrochloric  acid 
3.10  ml.  of  sodium  thiosulfate 


u  +  0.2 

FaCt0r  =  3.10 

Back-titration  =  1.55  ml.  of  sodium  thiosulfate 

Mg.  of  calcium  =  0.2  —  ^1.55  X  X  0.2  =  0.02  mg. 

w  ,  ,  .  0.02  X  100  . 

Mg.  per  cent  of  calcium  =  - ^ - =  10  mg.  per  cent 

since  0.2  ml.  of  sample  was  used  originally  for  the  calcium  estima¬ 
tion. 


Discussion 

Calcium  may  be  quantitatively  precipitated  as  the  oxalate 
at  a  pH  of  3.0  or  higher  ( 8 ,  12).  At  a  pH  of  3.0  coprecipita¬ 
tion  of  magnesium  is  at  a  minimum;  therefore  precipitation 
of  calcium  as  the  oxalate  is  recommended  at  a  pH  of  3.0  when¬ 
ever  appreciable  amounts  of  magnesium  are  present. 

The  optimum  temperature  for  the  conversion  of  calcium 
oxalate  to  carbonate  is  between  475°  and  525°  C.  (4).  In 
order  to  heat  the  calcium  oxalate  in  this  temperature  range  in 
a  short  time  it  is  necessary  to  keep  the  temperature  of  the 
muffle  furnace  higher.  The  actual  temperature  of  the  muffle 
furnace  in  most  of  these  experiments  was  between  560°  and 
600°.  With  such  a  temperature  the  conversion  of  the  oxalate 
to  the  carbonate  is  completed  in  about  10  to  20  minutes. 
With  a  muffle  furnace  temperature  of  490°  to  530°  this  con¬ 
version  takes  at  least  3  hours.  In  most  of  these  experiments 
1  hour  at  560°  to  600°  was  employed,  allowing  an  ample  mar¬ 
gin  of  safety  for  complete  conversion.  Above  525°  some  cal¬ 
cium  carbonate  is  decomposed  to  the  oxide,  but  this  does  not 


influence  the  results  as  the  titrimetric  equivalent  of  calcium 
oxide  is  identical  with  calcium  carbonate. 

Hydrochloric  rather  than  sulfuric  acid  must  be  used  in  dis¬ 
solving  the  precipitate  because  of  its  difficult  solubility  in  sul¬ 
furic  acid.  Solution  is  effected  within  10  to  15  minutes  with 
the  aid  of  a  stirring  rod  and  immersion  in  a  boiling  water  bath. 
The  heating,  in  addition  to  aiding  solution,  drives  off  dissolved 
carbon  dioxide  which  would  interfere  with  the  subsequent 
titration. 


Table  I.  Determination  of  Calcium 
Solutions 

in  Inorganic 

Ca  Present 

Ca  Found 

Ca  Present 

Ca  Found 

Mg. 

Mg. 

Mg. 

Mg. 

0.0040 

0.0037 

0.0260 

0.0263 

0.0040 

0 . 0040 

0.0260 

p.0259 

0.0100 

0.0101 

0.0300 

0.0299 

0.0100 

0.0102 

0.0300 

0.0298 

0.0160 

0.0162 

0.0360 

0 . 0360 

0.0160 

0.0162 

0.0360 

0.0353 

0.0200 

0 . 0200 

0 . 0400 

0 . 0400 

0 . 0200 

0 . 0200 

0 . 0400 

0.0395 

It  is  important  to 

have  the  solution  at  room  temperature 

before  adding  potassium  iodate  and  potassium  iodide;  other¬ 
wise  volatilization  of  iodine  may  occur.  The  addition  of  the 
potassium  iodate  should  precede  the  addition  of  potassium 
iodide  for  consistent  results. 

The  iodate  and  iodide  solutions  should  be  tested  before  use 
by  mixing  a  few  drops  of  each  in  the  presence  of  starch.  If 
this  mixture  shows  any  trace  of  blue  color,  new  solutions  must 
be  prepared.  These  solutions  need  not  be  made  up  accu¬ 
rately. 

Table  II.  Determination  of  Calcium  in  Serum 


Direct 

Iodometric  Submicro¬ 

Acidimetric  Method 

method 

Mg./lOO  ml. 

.  Mg./lOO  ml. 

9.8 

9.8 

6.9 

6.9 

9.5 

9.7 

10.1 

10.5 

9.8 

10.0 

9.4 

9.5 

8.6 

8.8 

10.8 

11.0 

The  titration  is  best  performed  in  daylight  against  a  white 
background.  Another  centrifuge  tube  containing  an  equal 
volume  of  distilled  water  is  used  to  determine  the  water-clear 
end  point  by  color  matching. 

Results 

In  Table  I  representative  results  on  known  inorganic  solu¬ 
tions  containing  0.004  to  0.040  mg.  of  calcium  are  shown. 
The  average  deviation  of  the  16  consecutive  estimations  pre¬ 
sented  is  ±0.00018  mg.  The  average  percentage  deviation 
in  the  same  group  is  ±1.2  per  cent.  The  average  error  is 
—0.000056  mg.  It  is  evident,  therefore,  that  the  present 
method  is  capable  of  a  high  degree  of  accuracy  on  known  in¬ 
organic  solutions.  Comparative  results  on  blood  serum  by 
the  Sobel  and  Sklersky  (.9)  direct  acidimetric  method  and  the 
present  iodometric  procedure  are  given  in  Table  II.  In  the 
iodometric  method  0.2  ml.  of  serum  was  used,  whereas  in  the 
Sobel  and  Sklersky  method  2.0  ml.  of  serum  are  employed. 
Excellent  agreement  is  obtained  by  the  two  methods. 

Summary 

A  method  is  described  for  the  titrimetric  estimation  of  sub¬ 
microquantities  of  calcium  (0.004  to  0.0400  mg.)  with  the  use 
of  the  ordinary  5-  to  10-cc.  microburet. 

Calcium  is  precipitated  as  the  oxalate  in  a  specially  de¬ 
signed  centrifuge  tube.  The  calcium  oxalate  is  converted  to 
the  carbonate  at  475  °  to  525  °  C .  The  carbonate  is  dissolved  in 
an  excess  of  0.01  N  hydrochloric  acid  by  heating.  The  excess 
hydrochloric  acid  is  determined  iodometrically  by  the  addi- 
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tion  of  an  excess  amount  of  potassium  iodate  and  potassium 
iodide,  which  releases  an  amount  of  iodine  equivalent  to  the 
excess  acid.  The  released  iodine  is  determined  by  titrating 
with  approximately  0.0007  N  sodium  thiosulfate,  using  starch 
as  an  indicator. 

This  procedure  retains  the  theoretical  and  practical  ad¬ 
vantages  of  the  methods  where  calcium  oxalate  is  converted 
to  calcium  carbonate  and  combines  with  it  the  sensitivity  of 
iodometric  titrations.  All  solutions  are  standardized  against 
the  relatively  stable  0.01  N  hydrochloric  acid  used. 
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An  Improved  Iodine  Apparatus 

F.  X.  GASSNER 

Colorado  Experiment  Station,  Colorado  State  College,  Fort  Collins,  Colo. 


FOR  the  determination  of  traces  of  iodine  in  feedstuffs 
and  similar  material,  the  method  of  Karns  (1 )  as  modified 
by  von  Kolnitz  and  Remington  (2)  seems  to  be  the  most 


suitable  procedure  available  from  the  standpoint  of  accuracy 
simplicity,  and  versatility. 

The  metal  torch  designed  by  the  latter  authors  has  certain 
disadvantages,  and  several  changes  have  been  made  in  the 
material,  design,  and  construction  of  this  apparatus  which 
are  believed  to  be  distinct  improvements. 

To  avoid  the  inconvenience  of  keeping  the  brass  lacquered  to 
prevent  contamination  of  the  sample  by  corrosion,  the  torch  is 
constructed  entirely  of  special  resistant  stainless  steel,  Allegheny 
chrome-nickel  alloy  18-8.  A  further  advantage  of  the  stainless 
steel  is  its  low  heat  conductivity. 

The  four  oxygen  connectors  are  replaced  by  a  single  inlet  tube, 
which  supplies  oxygen  to  the  stainless  steel  jets  through  a  built-in 
equalizing  chamber.  The  outlet  tube  is  also  of  stainless  steel, 
since  the  glass  tube  sometimes  cracked  from  the  heat.  All  joints 
are  soldered  with  special  heat-resistant,  corrosion-resistant  ma¬ 
terial  (special  stainless  steel  solder  furnished  by  J.  T.  Ryerson  & 
Son,  Inc.,  Chicago,  Ill.). 

To  eliminate  the  danger  of  explosion  which  occurred  when 
cinders  from  high-ash  samples  clogged  the  constricted  tube  tip 
in  the  first  Milligan  wash  bottle,  a  simple  trap  is  attached  in  the 
manner  shown  in  the  illustration.  The  prongs  which  hold  the 
sample  are  made  of  Ferralloy,  a  material  especially  designed  to 
resist  oxidation  at  high  temperatures. 

The  torch  is  reduced  in  length  by  15  cm.  (6  inches),  which  was 
found  to  be  a  distinct  advantage.  It  is,  however,  sufficiently  long 
to  permit  the  burning  of  feed  samples  up  to  30  cm.  (12  inches)  in 
length.  The  measurements  used  in  construction  of  this  torch 
conform  otherwise  to  those  given  by  von  Kolnitz  and  Remington 
(2). 

The  upper  part  of  the  torch  is  covered  either  by  a  1000-cc.  wide¬ 
mouthed  Erlenmeyer  flask  or  a  1-liter  wide-mouthed  extraction 
flask  with  vial- type  neck.  The  use  of  the  latter  flask  resulted  in 
less  breakage  and  more  rapid  and  more  complete  combustion. 
Discoloration  of  this  part  of  the  torch  after  long  usage  may  be 
remedied  by  immersing  it  in  a  solution  of  concentrated  nitric  acid 
25  per  cent,  hydrofluoric  acid  3  per  cent,  and  water  72  per  cent, 
and  heating  the  mixture  to  70°  C.  for  5  minutes.  Care  should 
be  taken  not  to  immerse  the  torch  too  far  in  the  pickle.  The 
solution  must  not  come  in  contact  with  any  soldered  joint. 

The  torch  has  also  been  found  useful  in  determining  the 
iodine  content  of  biological  material  such  as  thyroid  glands. 
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Ash  in  Organic  Compounds 

Determination  by  Microtechnique  with  Automatic  Combustion 


A.  R.  NORTON,  G.  L.  ROYER,  AND  R.  KOEGEL,  The  Calco  Chemical  Company,  Inc.,  Bound  Brook,  N.  J. 


ONE  of  the  determinations  specified  for  the  analysis  of 
pure  organic  materials  is  the  ash  or  nonvolatile  residue. 
Jsually  a  low  percentage  of  ash  is  present,  the  quantity  de- 
jending  upon  the  purity  of  the  product.  In  the  usual  pro- 
:edures  1-  to  2-gram  and  sometimes  5-gram  samples  must  be 
aken  for  analysis.  In  commercial  manufacture,  this  large- 
lized  sample  is  readily  obtainable;  but  the  main  objection 
,o  its  use  is  the  long  combustion  period,  and,  consequently, 
he  long  time  required  for  the  completion  of  the  analysis. 
Microtechnique  applied  to  this  problem  resulted  in  reducing 
;he  elapsed  time  of  the  analysis  without  sacrificing  accuracy 
)r  precision;  furthermore,  in  order  to  utilize  the  time  of  the 
malyst  to  better  advantage,  the  automatic  combustion  ap¬ 
paratus  has  been  developed. 

Apparatus 

The  automatic  apparatus  is  an  adaptation  of  the  original  Pregl 
nethod  (J).  Figure  1  shows  the  side  view  and  Figure  2  shows  the 
;op  view  with  one  of  the  quartz  tubes  similar  to  A  removed, 
rhis  apparatus  provides  for  two  quartz  tubes  which  are  drawn 
hrough  the  furnace,  B,  at  a  uniform  speed,  either  separately  or 
simultaneously.  The  samples  are  placed  in  the  end  of  the  tubes 
n  platinum  boats  inserted  in  the  Coombs- Alber  (1,  2)  platinum 
:ylinders.  Oxygen  is  passed  through  the  quartz  tubes  to  aid 
n  the  combustion. 

The  electric  furnace,  B,  is  wound  in  a  manner  somewhat  similar 
:o  that  described  by  Hallett  (3),  except  that  266.7  cm.  (105 
nches)  of  No.  30  (  0.025-cm.,  0.01-incli)  platinum  resistance  wire, 
13.4  ohms,  are  used.  The  four  0.32-cm.  (0.125-inch)  “thermal 
ilumina”  cores  (furnished  by  the  Thermal  Syndicate  Limited,  12 
East  46th  St.,  New  York,  N.  Y.),  on  which  the  platinum  resistance 
wire  is  wound,  are  mounted  within  a  2.54-cm.  (1-inch)  square 
Alfrax  (trade  name  of  refractory  manufactured  by  the  Carborun¬ 
dum  Company,  Niagara  Falls,  N.  Y.)  tubing  by  fastening  to  end 
plates,  also  made  of  Alfrax.  This  in  turn  is  encased  in  a  nickel- 
plated  brass  housing  made  from  standard  5.08-cm.  (2-inch)  square 
stock  tubing.  Two  holes  in  each  Alfrax  end  plate  act  as  supports 
For  the  quartz  tubes  as  they  travel  into  the  furnace.  A  Varitran, 
C,  located  in  the  box  beneath  the  furnace,  is  used  to  control  the 
voltage  applied  to  the  platinum  heating  coils,  so  that  any  specific 
furnace  temperature  can  be  obtained.  In  the  apparatus  as  used 
about  80  volts  give  a  temperature  of  about  800°  C.  in  the  quartz 
tubes  when  they  are  completely  in  the  furnace. 


The  tubes  are  moved  by  a  screw,  F,  which  is  located  in  the 
center  between  the  two  bars,  D,  on  which  the  tubes  are  sup¬ 
ported  (Figures  2  and  3).  The  bars  may  be  connected  to  the 
screws  by  small  engaging  pins,  E,  located  on  the  sides  of  the  bars, 
which  make  it  possible  to  move  the  quartz  tubes  independently 
or  simultaneously.  F  is  turned  by  a  standard,  2-speed  governor 
controlled  phonograph  motor  which  is  located  in  the  box  beneath 
the  furnace  and  geared  so  that  the  slowest  speed  is  2.5-cm. 
(1-inch)  travel  in  10  minutes.  The  2-speed  control,  G,  makes 
it  possible  to  double  this  speed,  and  the  governor  control,  H, 
makes  slight  variations  from  these  rates  possible. 

Special-sized  platinum  boats  and  cylinders  are  used,  so  that 
the  large-sized  samples  (about  150  mg.  as  contrasted  to  the  usual 
microsample  of  3  to  10  mg.)  can  easily  be  placed  in  them.  The 
boats  are  5  X  5  X  12  mm.,  and  the  cylinders  are  50  mm.  long 
and  7  mm.  in  diameter. 

Ash  Microdetermination 

In  the  determination,  samples  of  100  to  150  mg.  are  weighed 
in  the  platinum  boat  on  a  microbalance  with  the  cylinder  also 
included  in  the  weighing.  The  empty  weight  of  the  boat  with  the 
cylinder  must  be  taken  as  accurately  as  possible,  but  a  sample 
of  this  size  need  only  be  weighed  to  the  nearest  0.1  mg.  The 
boat  is  then  inserted  in  the  cylinder  and  the  cylinder  placed  in 
the  end  of  the  quartz  tube  with  the  tube  extending  out  of  the  fur¬ 
nace.  A  turn  of  a  knob  engages  the  tube  carrier  to  the  moving 
screw  and  will  continue  to  pull  the  tube  into  the  furnace  until  the 
end  of  the  tube  is  completely  in  the  furnace.  Then  the  engaging 
pin  runs  off  the  end  of  the  screw  and  the  tube  moves  no  farther. 
At  this  point  the  combustion  has  required  20  minutes  and  is  com¬ 
plete.  The  cylinder  and  boat  are  removed,  cooled  for  5  minutes, 
and  weighed  as  accurately  as  possible. 

Ash  Macrodetermination 

The  macromethod  of  ashing  by  means  of  a  Bunsen  burner 
is  only  mentioned  in  passing  because  it  is  obviously  not  so 
reproducible,  and  in  some  cases  not  so  accurate,  as  the  muffle 
furnace  macromethod.  Just  one  example  is  cited,  to  indicate 
what  variations  may  be  encountered.  One  sample  on  six 
consecutive  analyses  showed  a  variation  of  from  —0.04  to 
a  maximum  of  +0.29  per  cent  ash,  the  average  being  0.12  per 
cent. 

The  muffle  macroprocedure  used  for  comparison  with  the 
microprocedure  consists  of  weighing 
the  samples  in  porcelain  crucibles, 
ashing  in  an  electric  muffle  at  a  tem¬ 
perature  of  550°  to  600°  C.  for  a 
period  known  to  be  long  enough  for 
complete  combustion,  then  cooling, 
and  weighing  the  ash.  Because  of 
the  large  sample,  there  usually  is  a 
great  difference  in  the  nature  and 
time  of  ashing  various  substances; 
therefore,  it  is  difficult  to  be  specific 
in  regard  to  the  time  and  the  com¬ 
bustion  temperature.  This  has  to  be 
learned  by  experience.  In  the  auto¬ 
matic  microprocedure,  the  time  of 
ashing  is  uniform  for  all  materials 
because  of  the  small  sample  employed 
and  the  substitution  of  oxygen  for 
air. 

Experimental  Results 

The  results  obtained  by  the  micro- 
and  macroprocedures  outlined  above 
are  given  in  Tables  I,  II,  and  III. 


Figure  1 .  Side  View  of  Apparatus 
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Table  I.  Methylene  Blue 


Weight  of  Sample 

Weight  of  Ash 

Ash 

Gram 

Gram 

% 

Macroprocedure,  Muffle  Furnace 

1.000 

0.0047 

0.47 

1.000 

0.0043 

0.43 

1.000 

0.0046 

0.46 

1.000 

0.0043 

0.43 

1.000 

0.0042 

0.42 

1.000 

0.0042 

0.42 

Av.  0.0044 

Av.  0.44 

Average  deviation  ±0.02% 

Microprocedure 

Mg. 

Mg. 

125.7 

0.545 

0.43 

128.9 

0.594 

0.46 

136.5 

0.600 

0.44 

123.3 

0.503 

0.41 

115.6 

0.535 

0.46 

135.0 

0.505 

0.37 

119.2 

0.547 

0.46 

136.8 

0.540 

0.40 

137.8 

0.557 

0.41 

126.7 

0.530 

0.42 

134.8 

0.565 

0.42 

144.9 

0.602 

0.42 

123.3 

0.493 

0.40 

129.9 

0.562 

0.43 

133.0 

0.644 

0.48 

135.0 

0.607 

0.45 

Av.  130 

0.558 

0.43 

Average  deviation  ±0.02% 


Table  II.  Globe  Pearl  Starch 
Weight  of  Sample  Weight  of  Ash 

Ash 

Grams 

Gram 

% 

2.000 

Macroprocedure,  Muffle  Furnace 

0 . 0020 

0.10 

2.000 

0.0024 

0. 12 

2.000 

0.0018 

0.09 

2.000 

0.0016 

0.08 

2.000 

0 . 0022 

0. 11 

2.000 

0.0023 

0.11 

Av. 

0.10 

Mg. 

Average  deviation  ±0.01% 

Microprocedure 

Mg. 

177.6 

0.227 

0.13 

122.5 

0.172 

0.14 

149.6 

0.175 

0.12 

140.4 

0.150 

0.11 

156.6 

0.235 

0.15 

171.9 

0.249 

0. 14 

Av.  153 

0.201 

0.13 

Average  deviation  ±0.01% 


Table  III.  Sulfanilamide 


Weight  of  Sample 

Weight  of  Ash 

Ash 

Grams 

Gram 

Macroprocedure,  Muffle  Furnace 

% 

2.000 

0.0012 

0.06 

2.000 

0.0010 

0.05 

2.000 

0.0004 

0.02 

2.000 

0.0004 

0.02 

2.000 

0.0008 

0.04 

2.000 

0.0006 

0.03 
Av.  0.04 

Average  deviation  =*=0.01% 


Microprocedure 


Mg. 

Mg. 

132.7 

0.046 

0.035 

146.5 

0.048 

0.033 

152.7 

0.030 

0.020 

148.3 

0.035 

0.024 

135.3 

0.040 

0.030 

140.0 

0.037 

0.027 

Av.  143 

0.039 

Average  deviation  ±0.004% 

0.028 

materials  used ;  whereas,  in  the  case  of  the  macromethod,  the 
corresponding  values  vary  from  ±0.02  to  ±0.04  per  cent. 

Speed  of  Analysis 

For  the  ashing  of  one  sample,  the  actual  working  time  of 
the  micromethod  has  a  slight  but  not  marked  advantage  over 
the  macromethod;  however,  when  the  total  elapsed  time  is 
considered,  the  macromethod  is  about  14  times  as  long  as 
the  micromethod. 

For  six  samples,  the  actual  working  time  for  the  automatic 
micromethod  is  still  equal  to  that  of  the  muffle  furnace  macro- 


Table  IV.  Comparison  of  Time  Required 


Actual  Working  Time 
For  One  Sample 
Min . 

Muffle  macromethod  15 

Automatic  micromethod  10 

Ratio 


For  Six  Samples 
Hours 

Muffle  macromethod  1.5 

Automatic  micromethod  1 . 5 


Ratio 


Total  Elapsed  Time 

Hours 

7 

0.5 

Macro  _  14 
Micro  1 


8 

1.5 

Macro  _  5 
Micro  1 


Blank  Determinations 

The  average  blank  of  the  platinum 
boat  and  cylinder  without  sample  was 
±0.010  mg.  based  upon  twelve  con¬ 
secutive  weighings  with  20-minute 
heating  periods  in  the  furnace. 

The  average  blank  of  the  porcelain 
crucibles  without  sample  used  in  the 
macromethod  was  ±0.0004  gram 
based  upon  the  alternate  heating  of 
six  Coors  No.  1  crucibles  of  30-cc. 
capacity  in  a  muffle  for  about  7  hours 
at  500°  to  600°  C.,  cooling,  and 
weighing  on  four  consecutive  days. 

It  is  calculated  from  the  above 
that,  considering  the  size  of  samples 
taken,  the  reproducibility  error  of 
weighing  of  the  tare,  expressed  in 
terms  of  per  cent  ash,  varies  from 
±0.006  to  ±0.008  per,  cent  in  the 
microdetermination  of  the  three 


til 

tl  I 

Figure  2. 

Top  View  of  Apparatus 
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An  automatic  electric  microfurnace  is  de¬ 
scribed  in  which  two  samples  may  be  ashed 
in  a  stream  of  oxygen  either  simultaneously 
or  individually. 

In  order  that  the  weight  of  the  ash  may 
not  be  too  small,  the  analytical  samples  em¬ 
ployed  are  larger  than  those  customarily 
used  even  in  semimicroprocedure  but  much 
smaller  than  those  used  in  the  macroproce¬ 
dure. 

The  saving  of  time  resulting  from  this 
automatic  modified  microprocedure  is  con¬ 
siderable  when  compared  to  that  required 
by  the  macromethod,  even  using  the  muffle 
furnace  which  allows  the  ashing  of  many 
samples  at  one  time. 
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method;  however,  when  the  total  elapsed  time  is  considered 
the  macromethod  is  about  five  times  as  long  as  the  micro- 
method.  Table  IV  shows  the  comparison  of  time  necessary 
For  analysis  by  the  two  methods. 

Summary 

Data  are  presented  to  contrast  the  usual  macroprocedure 
with  the  modified  microscheme  in  regard  to  precision  and 
speed. 
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Modification  of  Rauscher’s  Method  for  Determining  Mercury 

ANTHONY  SHUKIS,  JR.,  and  RALPH  C.  TALLMAN 
Schieffelin  &  Co.,  New  York,  N.  Y. 


RAUSCHER’S  method  (I)  for  the  determination  of  mer¬ 
cury  by  reduction  of  its  compounds  with  mono-  or  di¬ 
ethanolamine  is  generally  satisfactory.  However,  certain 
difficulties  have  been  encountered  in  its  application  as  origi¬ 
nally  described  which  may  be  obviated  by  the  modifications 
outlined  below.  The  changes  do  not  apply  to  the  gravimetric 
determination. 

The  principal  source  of  error  in  the  original  method  seems 
to  be  that,  despite  all  precautions,  tiny  particles  of  mercury 
tend  to  remain  on  the  surface  of  the  amine  after  reduction, 
held  there  presumably  by  surface  tension.  They  are  drawn 
off  during  the  siphoning  process  and  never  become  part  of  the 
main  globule  of  mercury.  The  difficulty  can  be  overcome  in 
the  following  manner: 

The  sample  is  weighed  directly  into  a  tared  centrifuge  tube  of 
15-ml.  capacity,  and  the  digestion  and  ah  subsequent  manipula¬ 
tions  are  carried  out  therein  instead  of  in  a  Pyrex  test  tube  as 
provided  for  by  Rauscher.  At  the  end  of  the  digestion  period, 
the  tube  and  its  contents  are  centrifuged  for  5  minutes  at  about 
2800  r.  p.  m.  In  this  way,  all  the  floating  particles  become  com¬ 
bined  with  the  main  globule  in  the  bottom  of  the  tube.  The 
supernatant  liquid  is  then  sucked  off,  water  is  added  to  wash  the 
globule  of  mercury,  and  the  tube  and  contents  are  centrifuged 
again.  The  washing  operation  may  be  repeated  as  many  times 
as  desired. 

Solution  of  the  mercury  and  its  determination  by  titration  are 
carried  out  in  general  as  indicated  in  the  original  method.  In 


order  to  complete  the  reaction  in  the  same  centrifuge  tube,  how¬ 
ever,  0.1  to  0.2  N  thiocyanate  solution  is  used  to  avoid  the  large 
volume  necessitated  by  the  weaker  solutions  used  by  Rauscher. 
Accuracy  in  titration  is  achieved  by  the  use  of  a  microburet  gradu¬ 
ated  in  6.02  ml. 

Samples  for  analysis  weighing  100  to  200  mg.  were  found  the 
most  satisfactory,  the  exact  amount  taken  depending  on  the 
quantity  of  mercury  believed  to  be  present.  Immersion  of 
the  lower  part  of  the  tube  in  an  oil  bath  heated  to  170  to 
180°  C.  during  digestion  was  more  satisfactory  than  direct 
heating  with  a  burner,  since  bumping  and  spattering  are 
avoided  in  this  way.  A  15-minute  digestion  period  ensures 
more  complete  reduction  of  the  mercury  compound  than  the 
5-minute  period  originally  prescribed. 

With  the  modifications  above  described,  the  method  has 
given  results  entirely  comparable  with  those  reported  by 
Rauscher  in  his  original  paper,  over  a  wide  variety  of  com¬ 
pounds.  It  remains  a  simple,  short,  accurate,  and  reliable 
general  method  of  determining  mercury.  At  the  same  time, 
sources  of  error  are  minimized  by  ensuring  complete  recovery 
of  all  mercury  through  centrifuging,  and  by  avoiding  any  loss 
in  transfer. 
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Microdetermination  of  Organic  Carbon  by  the 

Wet  Method 

ED.  F.  DEGERING  and  T.  Z.  BALL 
Purdue  University,  Lafayette,  Ind. 


DURING  the  last  few  years,  several  simplified  methods 
of  determining  carbon  in  organic  compounds  have 
been  described  in  the  literature.  Their  aim  has  been  to 
offer  a  faster  and  more  easily  manipulated  method  than  the 
classical  one  of  Liebig.  Most  of  these  methods  involve 
oxidation  of  the  sample  with  chromic  anhydride  and  sulfuric 
acid.  The  evolved  carbon  dioxide  is  then  measured  by  the 
increase  in  weight  of  a  solid  absorbent  (<§) ;  by  absorption  in 
standard  alkali,  followed  by  titration  ( 1 ,  3,  5,  6 );  or  by  an 
increase  in  pressure  (due  to  the  evolved  carbon  dioxide)  in  a 
closed  system  (2).  None  of  these  methods  is  particularly 
well  suited  for  microwork. 

Nernst  (7)  used  the  mercury  bead  dilatometer  to  measure 
small  volume  increases  in  vapor  density  determinations  by 
Victor  Meyer’s  method.  The  dilatometer  consists  of  a 
graduated  horizontal  tube  of  small  bore  closed  by  a  droplet 
of  mercury  which  is  free  to  move  until  the  inside  and  outside 
pressures  are  equalized.  The  volume  change  is  indicated 
by  the  movement  of  the  mercury  along  the  graduated  scale. 
Recently  Clarke  and  Hermance  (4)  have  applied  this  method 
to  the  determination  of  carbon  dioxide  in  very  small  samples 
of  corrosion  products.  This  apparatus  is  especially  well 
suited  to  certain  micromethods. 


SlDC 


Reagent 

The  oxidizing  agent  is  composed  of  0.1  gram  of  finely  divided 
chromic  anhydride  suspended  in  1.0  ml.  of  heated  concentrated 
sulfuric  acid  (about  250°  C.).  This  is  made  up  in  the  desired 
quantity  and  kept  in  a  glass-stoppered  bottle. 

Procedure 

The  capillary  tube  is  cleaned  with  chromic-sulfuric  acid  mix¬ 
ture,  rinsed  with  distilled  water,  and  dried  with  a  stream  of  dry 
air.  The  tube  is  calibrated  by  introducing  mercury  into  it, 
noting  the  length  of  the  mercury  column,  and  then  weighing  the 
mercury.  The  reaction  flask  and  weighing  capsule  are  cleaned 
with  chromic-sulfuric  acid  mixture,  rinsed  with  distilled  water 
and  acetone,  dried  in  the  oven,  and  cooled  in  a  desiccator. 

The  sample  (2.5  to  3.0  mg.)  is  weighed  out  and  the  weighing 
capsule  is  allowed  to  slide  down  into  one  leg  of  the  reaction  flask. 
The  ground  joint  is  lubricated  with  a  little  stopcock  grease,  and 
the  flask  is  attached  to  the  buret.  Rubber  bands  are  then 
stretched  over  the  lugs  to  maintain  a  constant  tension  on  the 
joint.  One  milliliter  of  oxidizing  mixture  is  introduced  into  the 
other  leg  of  the  reaction  flask  by  means  of  a  medicine  dropper 
marked  to  deliver  1.0  ml.  The  mercury  droplet  is  forced  to  the 
initial  point  by  carefully  aspirating  air  into  the  capillary.  The 
stopper,  lubricated  with  a  drop  of  phosphoric  acid,  is  inserted. 
The  apparatus  is  allowed  to  stand  for  at  least  10  minutes  in  order 
to  bring  about  temperature  equilibrium,  and  is  then  tapped 
gently  several  times  to  aid  in  bringing  the 
mercury  bead  to  its  position  of  rest.  The 
position  of  the  mercury  is  read,  and  the 
process  is  repeated  at  short  intervals  until 
the  position  of  the  mercury  remains  con¬ 
stant. 

The  flask  is  heated  to  85°  C.,  alknved  to 
remain  at  that  temperature  for  2  hours, 
and  is  then  cooled  and  the  position  of  the 
mercury  is  read  as  before. 

End  Capsuu 


Calculations 


Figure  1. 


Diagram  of  Apparatus 


The  volume  of  carbon  dioxide  is  ob¬ 
tained  from  the  difference  in  the  posi¬ 
tions  of  the  mercury. 

22.4  ml.  of  carbon  dioxide  at  standard  tem¬ 
perature  and  pressure  o  12  mg.  of  carbon 
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It  occurred  to  the  authors  that  such  an  apparatus  might  be 
applied  to  the  determination  of  carbon  in  organic  compounds, 
provided  a  satisfactory  oxidizing  agent  could  be  found. 


%  of  carbon 


(R2  -  ft)  t  X  12  X  100  P 

S  X  62.36  x  t  +  273 


Apparatus 

The  apparatus  has  two  essential  parts:  the  two-leg  reaction 
flask  (right),  and  the  gas  measuring  buret  (left,  Figure  1).  The 
buret  is  made  of  capillary  tubing  (3-mm.  inside  diameter  and  8- 
mm.  outside  diameter)  70  cm.  long,  so  that  it  has  a  volume  of 
about  5  ml.  The  open  end  is  funnel-shaped  to  facilitate  cleaning, 
while  the  other  end  bears  a  No.  7  ground  joint.  The  buret  is 
mounted  horizontally  on  a  wooden  panel  just  above  a  meter 
stick.  The  panel  also  has  a  small  spirit  level  rigidly  attached  to 
it  and  one  adjustable  leg  to  permit  leveling  the  buret. 

The  reaction  flask  is  constructed  of  10-mm.  Pyrex  tubing.  It 
has  two  legs,  each  with  a  capacity  of  slightly  more  than  1  ml.,  a 
ground-glass  stopper,  and  a  capillary  8  cm.  in  length  terminating 
in  the  male  member  of  a  ground  joint.  Both  ground  joints  bear 
small  lugs  to  which  are  attached  rubber  bands  or  springs  in  order 
to  maintain  a  constant  tension  on  the  joints  during  the  manipula¬ 
tions.  The  weighing  capsule  is  made  of  7-mm.  tubing,  closed 
and  flattened  at  one  end  so  that  it  will  stand  upright  on  the 
balance  pan.  It  should  be  thickened  at  the  bottom  to  give  it 
sufficient  weight  so  that  it  will  not  float  on  the  surface  of  the  sul¬ 
furic  acid. 


where  Ri  and  Ri  are  the  positions  of  the  mercury  in  cm. 
S  is  the  weight  of  the  sample 
P  is  the  barometric  pressure 
t  is  the  temperature  of  the  room 
7  is  the  volume  of  the  capillary  in  ml.  per  cm. 


Table  I. 

Results 

Carbon, 

Carbon, 

Compound 

Theory 

Obtained 

% 

% 

Benzoic  acid 

68.81 

68.8,  68.5 

Salicylic  acid 

60.85 

61.0,  60.9 

m-Nitrobenzoic  acid 

50.28 

49.5,  50.4 
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A  Furnace  for  Micro-Carius  Determination 

JULIUS  A.  KUCK  AND  MAURICE  GRIFFEL,  City  College,  College  of  the  City  of  New  York,  New  York,  N.  Y. 


ALTHOUGH  the  micro-Carius  determination  offers  one 
/l.  outstanding  advantage — great  accuracy — it  is  often 
.voided  by  professional  analysts  because  it  is  time-consuming. 
Ciederl  (private  communication)  has  found  it  possible  to 
educe  to  one  hour  the  time  required  in  heating  the  organic 
ubstance  with  nitric  acid  in  the  glass  bomb  in  order  to  de- 
nmpose  it.  However,  the  time  required  for  the  furnace  to 
each  the  necessary  300°  C.  and  to  cool  down  to  room  tem- 
jerature  still  constitutes  a  drawback.  Gas  furnaces  are  un- 
uitable  in  crowded  laboratories  and  give  unequal  heating. 
Commercially  available  electric  furnaces  are  expensive, 
rhis  article  describes  a  simple,  homemade  furnace  which  heats 
ip  to  250°  C.  in  15  minutes  and  cools  down  from  300°  C.  to 
•oom  temperature  in  the  same  time. 

General  Design 

The  furnace  (Figure  1)  consists  of  three  heating  units:  A, 
.vhich  is  contained  within  two  concentric  steel  cylinders,  and  B 
ind  C,  the  space  between  the  two  being  filled  with  Sil-O-Cel  as  a 
leat-insulating  medium.  The  space  between  A  and  B  is  empty 
md  is  utilized  for  cooling  the  furnace  by  passing  through  it  a 
dream  of  cold  compressed  air.  The  ends  of  B  and  C  are  sunk  to  a 
depth  of  0.125  inch  into  properly  channeled  Transite  plates,  D 


(0.25  inch  thick),  which  have  three  holes  drilled  through  them  as 
shown  in  Figure  2,  to  accommodate  the  ends  of  A  which  lie  flush 
with  the  outside  surface.  The  dimensions  of  the  steel  cylinders 
are  as  follows: 


Cylinder 

Length 

Inches 

Outer  Diameter 
Inches 

Gage 

A 

12 

0.625 

16 

B 

11.75 

2.75 

16 

C 

11.75 

3.5 

16 

All  cylinders  are  of  Shelby  steel  tubing  and  A  is  soft-annealed. 

In  the  center  of  one  of  the  Transite  plates,  which  serves  as  the 
bottom  of  the  furnace,  is  inserted  a  brass  inlet  for  compressed  air. 
There  is  another  hole  for  the  electric  cord  and  two  smaller  ones 
on  either  side  for  binding  posts.  The  upper  Transite  plate  has  a 
single  hole  in  the  center  for  an  air  outlet.  At  each  of  the  four 
corners  of  both  Transite  plates  is  a  hole  to  accommodate  a  steel 
rod,  E,  which  serves  to  bind  the  furnace  together  and  to  hold  it 
down  to  its  stand.  The  stand  may  be  of  any  design  but  it  should 
be  about  10  inches  high,  rather  heavy,  and  mounted  on  a  flat 
Transite  board.  A  Transite  cover,  hinged  at  the  top,  and  three 
separate  plunger  rods,  F,  topped  with  brass  pistons  fitted  to  the 
inner  walls  of  tubes  A,  complete  the  furnace.  These  rods  are  12 
inches  long  and  serve  not  only  to  support  the  glass  bomb  tubes 
in  the  furnace  but  also  to  push  them  out.  They  may  be  equipped 
with  wooden  handles. 

Windings  and  Connections 

The  three  heating  units  are  separately  wound  and  should  be 
as  identical  as  possible.  For  each  a  strip  of  asbestos  paper  3 
inches  wide  and  11.5  inches  long  is  thoroughly  wetted  and  firmly 
wrapped  around  the  steel  tube.  Repeated  winding  of  thin  copper 
wire  (later  removed)  serves  to  secure  the  soft,  wet  asbestos  until 
it  can  be  baked  down  hard  by  drying  in  the  oven.  This  asbestos 
must  be  thoroughly  dry  before  the  electrical  resistance  is  wound. 
The  heating  wire  used  is  No.  37  Nichrome  ribbon,  which  has  a 
resistance  of  2  ohms  per  foot.  This  ribbon  is  fastened  about  1 
inch  from  the  end  of  the  asbestos-covered  tube  by  binding  it 
down  with  heavy  copper  wire  which  is  wrapped  over  a  part  of  one 
turn  and  twisted  on  the  other  side.  The  resistance  of  the  coil 
should  finally  be  30  ohms,  representing  a  stretched  length  of  about 
15  feet.  A  second  asbestos  wrapper  (4.5  inches  wide)  is  now  put 
on,  baked,  and  secured  with  two  or  three  turns  of  heavy  copper 
wire. 

After  the  completed  coils  are  set  into  the  bottom  plate,  the 
Nichrome  ends  are  welded  together  to  form  series  connections. 

Table  I.  Data  on  Fubnace 

R  I 


Room  temperature 

300°  C. 

300°  C.  with  auxiliary  resistance 

Ohms 

78 

89.5 

107.5 

Amperes 

1.41 

1.23 

1.02 

Total  Time  of 

Heating 

Temperature 

Time  of  Cooling 

Temperature 

Min. 

0  C. 

Min. 

°  C. 

0 

30 

0 

333 

12 

230 

10 

100 

15 

250 

15 

40 

20 

280 

25 

300 

30 

320 

45 

358 

60 

Auxiliary  Resistance  On 

330 

70 

328 

80 

331 

90 

333 

100 

335 

Electric  Micro-Carius  Furnace 
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B  and  C  are  put  on,  with  the  Sil-O-Cel  packing,  and  finally  the 
upper  Transite  plate  is  fitted  on.  The  plunger  rods  are  inserted 
and  the  furnace  is  mounted  in  its  stand. 

Use  and  Operation 

This  furnace  consumes  about  150  watts  at  110  volts,  the  cur¬ 
rent  being  1.41  amperes  at  room  temperature  and  1.23  amperes  at 
300°  C.  To  maintain  a  constant  temperature  of  300°  an  auxiliary 
resistance  of  about  18  ohms  must  be  used.  The  exact  amount 
can  be  determined  by  experiment.  After  the  furnace  has  reached 
300°  (as  determined  by  the  time  elapsed)  the  auxiliary  resistance 
is  switched  in. 

The  auxiliary  resistance,  consisting  of  9  feet  of  the  No.  37 
Nichrome  wire  ribbon,  is  wound  around  three  pieces  of  glass  tub¬ 
ing  which  terminate  in  the  ends  of  a  Transite  box  forming  an 
equilateral  triangle  (Figure  4).  Large  holes  facilitate  cooling  by 
permitting  air  convection.  Two  toggle  switches  are  mounted  on 
the  box;  one  turns  on  the  current  and  the  other  throws  in  the 
auxiliary  resistance  after  the  desired  temperature  is  attained. 

To  cool  the  furnace  the  current  is  shut  off  and  the  furnace  is 
connected  to  the  compressed  air  line.  A  rapid  stream  of  cold  air 
quickly  dissipates  the  heat  from  tubes  A  and  cylinder  B. 

Cost  of  Materials  and  Source  of  Supply 

The  steel  tubing  was  obtained  from  the  Peter  A.  Frasse 
Co.,  Inc.,  New  York,  N.  Y.,  and  the  Sil-O-Cel  from  Johns- 


Manville  Co.  The  total  cost  of  the  furnace,  excluding  the 
labor,  was  about  five  dollars. 

Modifications  on  Original  Construction 

Instead  of  B  and  C  with  Sil-O-Cel  packing  between  them,  a 
larger  outer  steel  casing  and  an  inner  pipe  of  Sil-O-Cel  cement 
(Johns-Manville  Co.)  may  be  used. 

An  automatic  thermostat  may  be  used  instead  of  the  manu¬ 
ally  operated  auxiliary  resistance.  A  strip  of  Invar  brass 
costing  a  few  cents  can  be  fastened  to  the  inner  side  of  the 
Sil-O-Cel  pipe  so  as  to  switch  in  the  auxiliary  resistance  (Figure 
3).  Below  300°  the  auxiliary  resistance  is  shunted  by  the 
brass-invar  bar,  G,  which  makes  contact  with  the  pin  pro¬ 
jecting  from  the  metal  rod,  H.  Above  300°  this  contact  is 
broken  and  the  auxiliary  resistance  is  put  in  series. 

The  authors  are  considering  the  construction  of  a  furnace 
in  which  a  reduction  of  the  resistance  of  the  main  coil  windings 
with  a  corresponding  increase  of  the  auxiliary  resistance  will 
result  in  a  still  shorter  heating  time.  This  auxiliary  resistance 
should  be  internal  and  separately  wound  on  the  second  asbes¬ 
tos  wrapping  of  the  A  units. 
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Rapid  Determination  of  Oxygen  in  Steel 

L.  SINGER,  The  Naval  Research  Laboratory,  Anacostia,  D.  C. 


A  CONSIDERABLE  amount  of  work  has  been  done  on 
the  influence  of  oxygen  upon  the  properties  of  steel, 
jut  it  has  been  hindered  by  the  lack  of  a  simple,  rapid  method 
or  the  quantitative  estimation  of  oxygen.  Several  methods 
3)  have  been  used  for  the  determination  of  oxygen  in  steel 
md  some  give  good  results  in  the  hands  of  careful,  experi- 
rnced  analysts.  However,  all  the  methods  that  have  been 
lsed  are  too  slow  for  practical  use  and  most  of  them  require 
:onsiderable  care  in  manipulation. 

It  is  the  purpose  of  this  paper  to  show  the  results  obtained 
n  the  determination  of  oxygen  in  steel  by  a  nitrogen  fusion 
nethod.  This  is  so  called  because  of  its  similarity  to  the 
/acuum  fusion  method,  in  that  the  reduction  of  the  oxides 
s  obtained  by  graphite.  In  the  Vacuum  fusion  method,  re- 
luction  takes  place  in  a  vacuum  at  a  temperature  of  about 
L600°  to  1650°  C.;  whereas  in  the  nitrogen  fusion  method, 
described  below,  reduction  takes  place  in  an  atmosphere  of 
ntrogen  at  a  temperature  of  1200°  to  1250°  C.  In  both 
nethods  the  oxygen  in  the  metal  (present  as  oxide  in  solu¬ 
tion  or  oxide  inclusions)  is  converted  to  carbon  monoxide. 
This  gas  may  be  analyzed  either  volumetrically  or  gravimet- 
"ically.  In  the  gravimetric  method  the  gas  is  passed  over 
lot  copper  oxide  for  conversion  of  carbon  monoxide  to  car- 
oon  dioxide,  which  is  then  absorbed  in  a  weighed  Ascarite 
tube.  A  complete  description  of  the  vacuum  fusion  method 
!ias  been  given  by  Yacher  and  Jordan  (4).  To  obviate  the 
use  of  the  high  tempera¬ 
ture  employed  in  the 
vacuum  fusion  method, 
various  experimenters  have 
used  tin  or  antimony  or 


mixtures  of  tin  and  antimony  to  effect  fusion  of  the  steel  at  a 
lower  temperature.  In  the  work  described  here,  tin  was  used 
as  the  fluxing  agent.  A  mixture  of  tin  and  antimony  in  equal 
parts  by  weight  was  also  tried  but  found  objectionable,  as 
the  antimony  vaporizes  too  readily  at  the  temperature  em¬ 
ployed. 

Purification  of  Nitrogen 

The  steel  sample  was  melted  in  an  atmosphere  of  pure 
nitrogen.  This  gas  was  prepared  by  first  analyzing  a  cylinder 
of  nitrogen  for  its  oxygen  content  and  then  blowing  in  hy¬ 
drogen  in  quantity  slightly  greater  than  equivalent  to  the 
oxygen  found  present.  An  analysis  of  a  cylinder  of  gas  pre¬ 
pared  as  above  showed  0.67  per  cent  by  volume  of  oxygen 
and  1.51  per  cent  by  volume  of  hydrogen.  Both  gases  were 
subsequently  removed  by  passing  first  over  palladinized 
pumice  (at  400°  to  500°  C.)  to  remove  oxygen  and  then  over 
copper  oxide  (at  300°  C.)  to  remove  the  excess  hydrogen. 
The  water  formed  was  then  taken  out  by  suitable  absorbents. 
A  ready  supply  of  pure  nitrogen  was  thus  always  available 
during  the  course  of  an  analysis. 

Description  of  Apparatus 

The  train  used  is  shown  in  Figure  1.  Gas  from  the  nitrogen 
cylinder  by-passes  the  mercury  safety  bottle,  A.  B  is  a  2-way 


Figure  1.  Schematic  Dia¬ 
gram  of  Oxygen  Determi¬ 
nation  Assembly 

D.  Ascarite  tower 

E.  Palladinized  pumice  tower 

(400-500°  C.) 

G,  P.  Copper  oxide  towers 

(300°  C.) 

H.  Suifuric  acid  bubbler 

K,  Q.  Anbydrone  towers 

M.  Quartz  reaction  tube 

M'.  Glass  tube 

M".  Graphite  bucket 

O.  Filter  and  absorption  tube 

R.  Schwartz  adsorption  tube 

S.  Anhydrone  guard  tube 

T.  Flowmeter 
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stopcock  used  for  regulating  the  gas  flow.  C  is  a  sulfuric  acid 
bubbler  which  helps  the  operator  in  the  adjustment  of  gas  flow 
rate.  D  is  an  Ascarite  tower  which  absorbs  any  carbon  dioxide 
that  ma}r  be  present.  E  is  a  tower  of  palladinized  pumice  (10-  to 
12-mesh)  which  is  kept  at  400°  to  500°  C.,  where  all  the  oxygen 
in  the  gas  is  converted  to  water  by  reacting  with  the  hydrogen 
present.  G  is  a  tower  of  copper  oxide,  kept  at  300°  C.,  which 
removes  the  excess  hydrogen.  F  is  a  3-way  stopcock  placed  in 
the  train  to  make  it  possible  to  convert  the  reduced  copper  of  G 
back  to  oxide  by  passing  oxygen  or  air  over  the  heated  copper. 
At  the  present  writing  this  has  not  been  necessary,  although  about 
4.25  cu.  meters  (150  cu.  feet)  of  gas  have  been  passed  through  the 
system.  H  is  a  sulfuric  acid  bubbler  whose  function  is  to  take 
out  most  of  the  water  that  has  been  formed  in  E  and  G,  while 
K,  a  large  Anhydrone  tower,  effects  the  final  drying  of  the  ni¬ 
trogen  before  it  enters  the  quartz  reaction  tube,  M.  L  is  a  2-way 
stopcock  that  is  used  to  control  the  gas  flow. 


Figure  2.  Graphite  Bucket 


flowmeter.  All  the  connections  from  A  to  Q  are  glass.  The 
rubber  stopper  in  M  presents  no  practical  difficulty. 

Conditioning  of  Graphite  Buckets 

The  bucket  (Figure  2)  is  made  of  Acheson  graphite  (Grade 
AGR)  rod.  The  handle  (not  shown)  is  tantalum  wire  0.762 
mm.  (0.030  inch)  in  diameter  and  a  new  wire  handle  is  used  when¬ 
ever  a  determination  on  a  steel  sample  is  made.  The  same 
bucket  can  be  used  for  several  determinations. 

The  graphite  bucket  must  be  conditioned  before  a  deter¬ 
mination  for  oxygen  is  made  with  it.  It  is  first  burned  out  at 
about  1000°  C.  in  an  ordinary  muffle  furnace  for  15  minutes.  It 
is  then  suspended  in  the  quartz  reaction  tube  and  the  tube  evacu¬ 
ated.  The  graphite  bucket  is  then  brought  to  1250°  C.  and 
kept  at  this  temperature  for  one  hour.  A  vacuum  is  maintained 
during  the  entire  heating  period.  Heating  is  done  by  a  water- 
cooled  coil  operating  from  a  3-kilowatt  induction  unit. 

After  this  treatment  the  bucket  is  allowed  to  cool,  15.0  grams 
of  Baker’s  c.  p.  stick  tin  are  added,  and  the  bucket  is  returned 
to  the  quartz  reaction  chamber.  The  heating  is  again  repeated 
as  above,  except  that  it  is  done  in  an  atmosphere  of  nitrogen,  and 
the  time  allowed  is  again  15  minutes.  After  the  bucket  and  its 
contents  have  come  to  room  temperature,  they  are  stored  in  a 
desiccator.  The  bucket  is  now  ready  to  receive  the  steel  sample 
for  analysis. 


Operation  of  Train 

With  the  Schwartz  adsorption  tube  in  place  ( R  Figure  1)  and 
gas  flowing  through  the  system,  stopcock  L  is  closed.  This  causes 
the  gas  to  escape  through  the  mercury  safety,  A.  A  conditioned 
graphite  bucket  containing  the  tin  is  now  loaded  with  the  steel 
sample,  which  is  a  solid  cylinder,  1.59  cm.  (0.625  inch)  in  diame¬ 
ter,  0.95  cm.  (0.375  inch)  long,  and  weighing  about  15  grams. 
The  bucket  and  its  contents  are  then  lowered  into  the  reaction 
tube  and  stopcock  N  is  turned  for  connection  to  the  vacuum 
pump.  The  tube  is  evacuated  for  one  minute,  after  which  N  is 
turned  through  an  angle  of  90°,  thus  leaving  the  quartz  reaction 
tube,  M,  under  vacuum. 

The  induction  heater  is  now  immediately  put  in  operation  and 
nitrogen  is  carefully  admitted  through  stopcock  L  until  the  reac¬ 
tion  tube  contains  gas  at  slightly  greater  pressure  than  atmos¬ 
pheric.  This  latter  operation  requires  about  3  minutes.  N  is 
now  turned  so  that  gas  flows  through  the  entire  train.  The  rate 
of  gas  flow  is  regulated  by  means  of  the  needle  valve  on  the  ni¬ 
trogen  cylinder  (not  shown  in  figure),  to  about  200  cc.  per  minute. 
The  graphite  bucket  and  its  contents  attain  a  temperature  of 
about  1200°  to  1250°  C.  in  a  little  less  than  2  minutes  after  the 
induction  heater  is  turned  on  and  are  kept  at  this  temperature 
during  the  entire  run.  Fifteen  minutes  from  the  time  the  in¬ 
duction  heater  is  started,  the  Schwartz  adsorption  tube,  R,  is  re¬ 
moved  and  weighed.  Thus  for  the  usual  case,  an  oxygen  de¬ 
termination  is  possible  in  less  than  20  minutes. 


M",  the  graphite  reaction  bucket,  is  more  clearly  shown  in 
Figure  2.  The  bucket  is  suspended  in  M  by  means  of  a  molyb¬ 
denum  or  tantalum  wire  0.762  mm.  (0.030  inch)  in  diameter.  This 
wire  is  in  turn  supported  by  another  wire  attached  to  a  glass 
tube,  M',  and  supported  thereon  by  means  of  two  small  glass 
hooks.  M'  has  a  clear  glass  window  at  its  top  to  make  optical 
pyrometer  readings  possible.  As  shown  in  Figure  1,  M'  passes 
through  a  rubber  stopper  which  fits  into  the  quartz  reaction 
tube.  The  reaction  tube  is  clear  quartz  and  has  a  wall  thickness 
of  1.587  mm.  (0.0625  inch).  The  tube  is  55  cm.  (22  inches)  long 
and  the  outside  diameter  is  3.75  cm.  (1.5  inches).  Connection 
between  the  quartz  tube  and  glass  train  is  made  by  means  of 
graded  quartz-to-glass  seals. 

N  is  a  3-way  stopcock  by  means  of  which  it  is  possible  to  con¬ 
nect  to  a  vacuum  pump  or  to  pass  the  gas  on  through  the  balance 
of  the  chain.  It  is,  of  course,  necessary  that  the  system  be  free 
of  any  oxygen  contamination  and  since  M  is  opened  to  the  air 
during  the  admission  of  a  sample,  the  air  admitted  must,  of 
course,  be  removed  before  an  analysis  is  made.  This  may  be 
done  by  sweeping  out  M  for  about  10  minutes  with  pure  nitro¬ 
gen,  but  it  is  more  expedient  to  use  a  vacuum  pump  for  the  re¬ 
moval  of  air.  By  using  an  oil  pump  this  was  satisfactorily 
effected  in  one  minute’s  time.  The  pump  used  was  a  Cenco 
megavac  pump  driven  by  a  1/3  horsepower  motor.  After  the  gas 
leaves  M  it  passes  through  the  tower,  O,  which  contains  a  liberal 
plug  of  glass  wool  to  trap  off  carbon  dust.  P  is  a  tower  of  copper 
oxide  kept  at  300°  C.,  wherein  the  carbon  monoxide  formed  in 
M"  is  oxidized  to  carbon  dioxide.  Q  is  another  Anhydrone  tower. 
R  is  a  weighed  Schwartz  adsorption  tube  loaded  with  Ascarite  and 
Anhydrone,  S  is  a  guard  tube  containing  Anhydrone,  and  T  is  a 


Determination  of  Blank 

In  the  determination  of  the  blank  the  procedure  followed 
is  like  that  described  above,  except  that  a  steel  sample  is  not 
used.  After  a  number  of  graphite  buckets  containing  tin 
samples  had  been  prepared,  they  were  stored  in  a  desiccator 
for  several  days.  A  set  of  blanks  was  then  determined  on  six 
different  graphite  containers  and  the  following  weight  in¬ 
creases  in  the  Schwartz  tube  were  noted:  0.7,  0.7,  0.6,  0.9,  0.6, 
and  0.7  mg.  The  average  value  of  0.7  mg.  gives  a  blank 
amounting  to  0.0017  per  cent  for  a  15-gram  sample.  This 
figure  is  rounded  and  a  blank  correction  of  0.002  per  cent 
applied.  Continued  treatment  of  the  graphite  bucket  and 
its  contents  for  an  additional  15  minutes  (without  its  removal 
from  the  train)  yields  an  average  blank  of  0.5  mg. 

The  blank  correction  of  0.002  per  cent  is  correct  only  so 
far  as  the  oxygen  may  be  obtained  from  the  steel  sample  in  a 
15-minute  period.  If  a  longer  time  is  necessary,  the  blank 
correction  is  greater  than  0.002  per  cent.  Thus  it  has  been 
determined  that  for  every  5-minute  reduction  period,  the 
added  blank  for  the  weighed  absorption  bulb  would  be  0.2 
mg.  This  amounts  to  0.0005  per  cent  for  a  15.0-gram  sample 
of  steel. 

Practically  complete  reduction  of  oxides  is  usually  ob¬ 
tained  in  a  15-minute  period.  In  the  case  of  steels  very  high 
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in  alumina  content,  however,  the  time  necessary  for  reduc¬ 
tion  may  be  several  hours.  The  cumulative  blank  in  such  a 
case  would  be  so  high  that  the  applied  correction  would  be 
of  a  questionable  nature. 

Time  Necessary  for  a  Run 

It  was  thought  advisable  to  determine  just  how  much 
time  was  necessary  for  an  analysis.  Accordingly,  a  number 
of  determinations  were  made  on  a  set  of  standard  steels  with 
this  purpose  in  view.  These  standard  steels  were  kindly 
furnished  by  Dr.  Thompson  of  the  National  Bureau  of 
Standards  and  were  the  same  as  those  used  in  the  accumula¬ 
tion  of  data  embraced  in  a  report  by  Thompson,  Vacher, 
and  Bright  (S).  Tables  I  to  VI  give  the  results  of  a  number 
of  runs.  In  the  first  column  is  listed  the  total  length  of  time 


Table  I.  Steel  Sample  1,  Low-Carbon,  Rimming 


Total  Elapsed 

Total  Net  CO2 

Time 

Pickup 

Blank 

from  Sample 

Oxygen 

Min. 

Mg. 

Mg. 

Mg. 

% 

Sample  Weight,  14.80  Grams 

15 

11.0 

0.7 

10.3 

0.025 

20 

11.1 

0.9 

10.2 

0.025 

Sample  Weight,  14.62  Grams 

15 

10.2 

0.7 

9.5 

0  024 

20 

10.0 

0.9 

9.7 

0.024 

25 

10.9 

1.  1 

9.8 

0.024 

30 

10.9 

1.3 

9.6 

0.024 

Table  III.  Steel  Sample  7,  Open  Hearth  Iron,  Rimming 


Total  Elapsed 
Time 

Total  Total  Net  CO2 

Pickup  Blank  from  Sample 

Oxygen 

Min. 

Mg.  Mg.  Mg. 

% 

Sample  Weight,  22.10  Grams 

15 

20 

73.8  0.7  73.1 

74.3  0.9  73.4 

0.120 
0. 121 

Sample  Weight,  14.81  Grams 

15 

20 

49.5  0.7  48.8 

1.2  0.9  49.8 

0.120 
0. 122 

Sample  Weight,  14.70  Grams 

15 

20 

49.7  0.7  49.0 

50.3  0.9  49.4 

0. 121 
0. 122 

Table  IV. 

Alloy  Steel,  18  Cr,  8  Ni 

Total  Elapsed 

Total  Total  Net  CO2 

Time 

Pickup 

Blank  from  Sample 

Oxygen 

Min. 

Mg. 

Mg.  Mg. 

% 

Sam 

pie  Weight,  12.63  Grams 

15 

5.0 

0.7  4.3 

0.012 

20 

5. 5 

0.9  4.6 

0.013 

25 

5.8 

1.1  4.7 

0.013 

the  weighed  Schwartz  adsorber  was  in  the  train  during  the  run. 
The  second  column  gives  the  weight  increase  in  the  adsorber, 
and  the  third  lists  the  blank  correction  to  be  applied.  Col¬ 
umn  4  lists  the  pickup  in  the  adsorber  due  to  steel  sample 
oxide,  and  column  5  gives  the  calculated  total  cumulative 
percentage  of  oxygen  present  in  the  steel  sample. 


Table  II.  Steel  Sample  2,  High-Manganese,  Silicon-Killed 


Total  Elapsed 

T  otal 

Total  Net  CO2 

Time 

Pickup 

Blank 

from  Sample 

Oxygen 

Min. 

Mg. 

Mg. 

Mg. 

% 

Sample  Wei; 

ght,  14.90  Grams 

15 

9.3 

0.7 

8.6 

0.021 

20 

9.6 

0.9 

8.7 

0.021 

25 

9.7 

1.1 

8.6 

0.021 

Sample  Wei 

ght,  14.97  Grams 

15 

9.8 

0.7 

9.1 

0.022 

20 

9.9 

0.9 

9.0 

0.022 

Discussion  of  Results 

Tables  I  to  V,  inclusive,  show  that  the  extraction  of  oxygen 
from  the  steel  sample  is  virtually  complete  15  minutes  after 
the  run  has  started.  This  is  true  for  low-  and  high-oxygen 
rimming  steels  (Tables  I,  III,  and  IV),  a  high-manganese 
silicon-killed  steel  (Table  II),  and  a  chrome-nickel  steel 
(Tables  IV  and  V).  However,  in  the  case  of  the  aluminum- 
killed  steel  (Table  VI)  a  much  longer  time  is  required  to  ex- 
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Table  V. 


Alloy  Steel  7,  18  Cb,  9  Ni 


Table  VII. 


Comparison  of  Nitrogen  and  Vacuum  Fusion 


Total  Elapsed 

Total 

Total  Net  COs 

Time 

Pickup 

Blank 

from  Sample 

Oxygen 

Min. 

Mg. 

Mg. 

Mg. 

% 

Sample  Weight,  11.35  Grams 

15 

4.0 

0.7 

3.3 

0.011 

20 

4.3 

0.9 

3.4 

0.011 

Table  VI. 

Steel  8,  Aluminum-Killed 

Total  Elapsed 

Total 

Total  Net  CO2 

Time 

Pickup 

Blank 

from  Sample 

Oxygen 

Min. 

Mg. 

Mg. 

Mg. 

% 

Sample  Weight,  14.55 

Grams 

15 

5.1 

0.7 

4.4 

0.011 

20 

7.0 

0.9 

6.1 

0.015 

25 

8.7 

1.1 

7.6 

0.019 

30 

9.7 

1.3 

8.4 

0.021 

35 

10.4 

1.5 

8.9 

0.022 

40 

11.2 

1.7 

9.5 

0.024 

45 

11.6 

1.9 

9.7 

0.024 

50 

11.6 

2.1 

9.5 

0.024 

Sample  Weight,  14.85 

Grams 

15 

5.5 

0.7 

4.8 

0.012 

20 

8.2 

0.9 

7.3 

0.018 

25 

9.6 

1.1 

8.5 

0.021 

30 

10.4 

1.3 

9.1 

0.022 

35 

11.1 

1.5 

8.6 

0.023 

40 

11.5 

1.7 

9.8 

0.024 

45 

11.6 

1.9 

9.7 

0.024 

Methods 


Oxygen  Determined 


Steel 

No. 

Nitrogen  fusion 
method 

Best  value,  vacuum 
fusion  method 

% 

% 

1 

0.025 

0.025 

0.027 

0.018 

2 

0.021 

0.022 

0.020 

0.017 

4 

0.004 

0.005 

0.002 

5 

0.009 

0.009 

0.121 

0.123 

0.119 

0.122 

0.122 

0.124 

0.106 

8 

0.023 

0.024 

0.017 

Cr-Ni  alloy 
(18—8)“ 

0.013 

0.011 

0.012 

Not  included  in  cooperative  report. 


tract  the  oxygen  present  in  the  sample.  These  results  show 
that  reduction  of  the  alumina,  as  it  exists  in  the  steel,  takes 
place  rather  rapidly  at  as  low  a  temperature  as  1200°  to 
1250°  C.  That  reduction  of  the  alumina  occurs  at  1200° 
to  1250°  C.  is  somewhat  surprising,  since  it  is  commonly  ac¬ 
cepted  that  reduction  of  alumina  by  carbon  does  not  take 
place  at  temperatures  lower  than  1600°  C.  (I?).  The  in¬ 
creased  rate  of  reduction  of  alumina  as  it  exists  in  the  steel 
may  be  due  to  a  very  small  particle  size  of  the  alumina  in¬ 
clusions  or  to  the  catalytic  influence  of  the  tin. 

An  interesting  point  in  connection  with  this  catalytic  in¬ 
fluence  was  obtained  while  working  with  the  hydrogen  re¬ 
duction  method  for  analysis  of  oxygen  in  steel.  A  mullite 
tube  suffered  no  reduction  in  an  atmosphere  of  hydrogen  at  a 
temperature  of  1200°  C.  Introduction  of  a  nickel  boat  into 
the  tube  caused  the  continuous  reduction  of  the  refractory 
oxides  for  many  hours.  Removal  of  the  nickel  boat  re¬ 
sulted  in  an  immediate  stop  of  the  reduction  and  the  afore¬ 
mentioned  cycle  of  stability  of  the  oxides  in  hydrogen  at  1200° 
out  of  contact  with  metal  and  the  production  of  water  when 
metal  was  present  was  repeated.  It  is  therefore  not  sur¬ 
prising  that  alumina  in  contact  with  metal  is  reduced  by 
graphite  at  1200°  to  1250°  C. 

Table  VII  (second  column)  contains  the  results  of  a  num¬ 
ber  of  oxygen  determinations  made  by  the  nitrogen  fusion 
method.  The  third  column  is  taken  from  a  report  (4)  on 
these  same  steels  and  gives  the  values  obtained  by  the  vacuum 
fusion  method,  listed  as  “best”  values  in  the  cooperative 
report.  Results  obtained  by  the  nitrogen  fusion  method 
are  in  general  higher  than  those  of  the  vacuum  fusion  method. 
This  difference  is  in  some  measure  accounted  for  as  due  to 
samphng  of  the  original  standard  steel  specimens.  The 
samples  used  in  the  vacuum  fusion  method  were  2.41  cm. 
(0.95  inch)  in  diameter  and  were  taken  from  a  solid  rod  which 
was  originally  25  cm.  (1  inch)  in  diameter.  In  the  nitrogen 
fusion  method,  specimens  only  1.59  cm.  (0.625  inch)  in  di¬ 
ameter  were  taken  from  the  center  of  the  afore-mentioned 
steel  rods  and  would  analyze  slightly  higher,  or  lower,  ac¬ 
cording  to  the  segregation.  Determinations  of  steel  1,  made 
by  the  vacuum  fusion  method  ( 8 ),  show  a  complete  cross 
section  to  contain  0.019  per  cent  oxygen  and  the  core  (0.914 
cm.,  0.36  inch,  in  diameter)  0.033  per  cent  oxygen.  Like¬ 
wise  for  steel  7,  the  value  for  the  complete  cross  section  ob¬ 
tained  by  the  vacuum  fusion  method  was  0.112  per  cent 


oxygen  and  the  core  (1.27  cm.,  0.50  inch)  was  0.128  per  cent 
oxygen. 

It  has  been  observed  ( 1 )  that  the  chief  sources  of  error  in 
the  vacuum  fusion  method  are  spattering  of  the  sample,  ab¬ 
sorption  of  the  gases  by  films  of  volatile  metals  (such  as 
manganese  or  aluminum),  and  incomplete  reduction  of  re¬ 
fractory  oxides.  In  the  use  of  the  nitrogen  fusion  method 
no  spattering  of  the  sample  was  ever  observed.  It  would  be 
expected  that  errors  due  to  absorption  by  films  of  volatile 
metals  would  be  greatly  minimized,  if  not  entirely  elimi¬ 
nated,  in  the  nitrogen  fusion  method,  since  the  vapor  pressures 
of  the  metals  are  much  lower  at  the  lower  temperature  em¬ 
ployed  in  the  nitrogen  fusion  method.  Again,  the  use  of  an 
atmosphere  of  nitrogen  in  place  of  a  vacuum  would  also  ma¬ 
terially  reduce  the  amount  of  vaporized  metal.  It  is  to  be 
expected  that  the  vacuum  fusion  method  might  reduce 
some  refractory  oxides  (such  as  alumina  or  zirconium  oxide) 
much  more  rapidly  than  these  oxides  would  be  reduced  in 
the  nitrogen  fusion  method.  This  would  be  no  serious  ob¬ 
jection  to  the  use  of  the  nitrogen  fusion  method,  since  the 
amount  of  these  oxides  in  commercial  steels  is  usually  low. 

Conclusions 

A  train  for  the  determination  of  oxygen  in  metals  has  been 
developed  which  allows  a  determination  (except  for  alu¬ 
minum-killed  steels)  to  be  made  in  less  than  20  minutes. 

The  substitution  of  nitrogen  for  high  vacuum  obviates 
the  necessity  of  operators  skilled  in  high-vacuum  technique. 
The  two  systems  are  alike  in  one  essential  point — the  ab¬ 
sence  of  oxygen  contamination. 

Results  obtained  by  the  nitrogen  train  are  reproducible, 
and  when  segregation  is  taken  into  account,  compare  favor¬ 
ably  with  those  of  the  vacuum  fusion  method. 

Alumina,  as  present  in  aluminum-killed  steels,  is  reduced 
by  graphite  in  the  presence  of  tin  at  1250°  C.  The  rate  of 
reduction  is,  however,  considerably  less  than  with  the  oxides 
produced  using  ferromanganese  or  ferrosilicon  as  deoxidizers. 
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Iron  Arc  as  a  Standard  Source  for 
Spectrochemical  Analysis 

MORRIS  SLAVIN,  Bureau  of  Mines,  U.  S.  Department  of  the  Interior,  University  of  Maryland,  College  Park,  Md. 


IN  A  RECENT  communication  (5) ,  the  author  showed  that 
the  spectral  energy  emitted  by  an  element  when  it  is  vapor¬ 
ized  in  a  carbon  arc  is  directly  proportional  to  the  weight  of  the 
element  consumed.  It  was  proposed  to  use  this  observation 
as  a  basis  for  quantitative  analysis,  making  the  energy  deter¬ 
mination,  which  need  be  only  relative,  in  terms  of  a  constant, 
reproducible  light  source  used  as  an  external  standard.  This  ex¬ 
ternal  standard  was  a  quartz  mercury  arc  lamp,  which,  though 
satisfactory  for  solution  of  that  problem,  nevertheless  left  much 
to  be  desired  when  it  was  used  for  routine  analytical  work. 

It  is  appropriate  to  list  the  properties  that  a  source  in¬ 
tended  as  an  external  standard  for  spectrochemical  analysis 
should  have. 

Primarily,  of  course,  it  should  be  cap¬ 
able  of  reproduction,  and  the  degree  of  re¬ 
producibility  should  be  greater  than  the 
over-all  precision  of  the  whole  process. 

On  this  basis,  the  allowable  error  for  pres¬ 
ent-day  practice  should  be  of  the  order 
of  2  or  3  per  cent.  In  addition,  there 
should  be  no  slow  deterioration  with  age, 
a  fault  of  incandescent  lamps  and  of  some 
enclosed  metallic  arcs. 

Radiation  should  consist  of  a  line  spec¬ 
trum  rather  than  a  continuous  one,  be¬ 
cause  intensity  of  spectrum  as  photo¬ 
graphed  is  a  function  of  slit  width,  and 
this  function  is  not  the  same  for  both 
kinds  of  radiation.  The  type  of  radiation 
should  be  the  same  for  standard  and  ana¬ 
lytical  spectra;  otherwise  slit  width 
would  have  to  be  standardized,  a  matter 
of  some  difficulty  and  an  additional  com¬ 
plicating  factor. 

The  source  should  operate  on  direct 
current,  as  emission  from  an  alternating 
current  source  fluctuates  periodically  and 
thus  cannot  be  used  in  conjunction  with 
the  usual  photometric  rotating  disks  (step 
adjustable,  and  wedge  sectors)  because  of  the  uncontrollable 
stroboscopic  effects.  The  spectrum  should  be  rich  in  lines,  dis¬ 
tributed  over  as  broad  a  wave-length  range  as  possible.  Finally, 
the  device  should  be  simple  to  set  up;  it  should  be  inexpensive,  and 
should  require  a  minimum  of  change  in  the  equipment  of  the  arc 
stand  and  optical  bench,  so  that  the  change-over  from  standard 
to  analytical  source  may  be  accomplished  quickly  and  easily. 

The  source  that  fitted  these  requirements  most  closely  was 
the  iron  arc,  the  only  question — a  crucial  one — being  on  the 
score  of  reproducibility.  In  spite  of  the  wide  use  of  the  iron 
arc  in  spectroscopy,  there  appears  to  have  been  no  recorded 
work  on  this  property.  In  his  original  description  of  the 
well-known  arc  form  that  bears  his  name,  Pfund  (4)  mentioned 
that  when  the  anode  was  in  the  shape  of  a  globular  bead  of 
metal,  a  very  steady  arc  was  obtained ;  but  he  made  no  quan¬ 
titative  study  of  emission  characteristics.  Accordingly,  this 
was  the  starting  point,  and  the  final  form  of  the  arc  as  dis¬ 
cussed  here  is  essentially  similar  to  Pfund’s. 

The  arrangement  which  experiment  showed  to  be  most 
satisfactory  is  outlined  in  Figure  1.  The  upper  electrode, 
which  is  the  negative,  is  a  0.125-inch  graphite  rod.  The 
lower  electrode  is  a  spherical  metal  bead  formed  by  feeding 
iron  wire  or  cuttings  into  the  burning  arc.  This  bead  is 
supported  in  a  shallow  cavity  (formed  by  an  ordinary  twist 
drill)  in  the  end  of  a  0.3125-inch  graphite  rod. 

It  is  important  that  the  iron  forming  the  bead  be  pure  to 
obviate  fluctuations  in  emission  due  to  differential  volatiliza¬ 


tion  effects.  The  iron  wire  used  for  standardizing  volumetric 
solutions  is  an  acceptable  and  convenient  material.  Before 
use,  the  bead  must  be  “seasoned” — that  is,  it  must  be  burned 
in  the  arc  until  all  spitting  of  molten  metal  has  stopped.  This 
violent  action  is  probably  due  to  oxidation  of  carbon  and  other 
gas-forming  impurities  in  the  iron,  because  when  a  gently 
burning  arc  is  finally  obtained,  a  matter  of  3  minutes  or  so,  the 
bead  no  longer  has  the  appearance  of  metallic  iron.  As  the 
necessaiy  facilities  were  at  hand,  an  x-ray  diffraction  pattern 
was  made  of  one  of  these  beads;  the  results  showed  that  it  is  a 
mixture  of  Fe203  and  Fe304,  principally  the  latter. 

The  electrical  circuit  is  identical  with  that  of  the  ordinary 
low-voltage  analytical  arc,  consisting  of  a  variable  series  re¬ 
sistance  in  a  220-volt  direct  current  fine.  An  ammeter  is 
inserted  in  the  circuit  and  is  the  sole  control  instrument. 
Electrode  spacing  is  controlled  by  projecting  an  image  of  the 
arc  on  a  neighboring  wall  carrying  marks  to  indicate  the 
spacing.  Once  the  resistance  is  adjusted,  no  other  control  is 
necessary  but  to  feed  the  upper  electrode  down  at  the  same 
rate  at  which  it  is  consumed,  and  this  is  most  easily  done  by 
feeding  at  a  rate  that  keeps  the  ammeter  needle  at  the  pre¬ 
determined  point  on  the  scale. 

The  various  emission  studies  were  carried  out  by  means  of 
photographic  photometry.  A  step-sector  spectrum  of  the 
iron  arc  was  included  on  each  plate,  the  step-densities  of  a 
chosen  fine  (Fe  3017.63)  were  measured,  and  a  characteristic 
curve  was  plotted.  Relative  intensities  were  then  determined 
by  interpolating  the  measured  density  of  the  unknown  line 
in  this  curve.  The  process  is  described  fully  elsewhere  (2). 
In  the  graphs  presented  below,  the  intensity  values,  where 
necessary,  have  been  recalculated  in  terms  of  a  standard  ex¬ 
posure  =  100,  in  order  that  all  the  graphs  may  be  readily 
comparable.  For  this  standard  exposure  the  time  was  1  min¬ 
ute,  the  current  4  amperes,  and  the  arc  gap  6.5  mm. 

The  current  range  at  which  the  arc  will  operate  smoothly  is 
limited.  The  relation  between  intensity  and  current  is 
shown  in  Figure  2.  The  lowest  point,  at  about  2.3  amperes, 
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represents  the  least  value  of  current  at  which  the  arc  will  main¬ 
tain  itself.  In  the  range  represented  by  the  linear  portion  of 
the  curve,  the  arc  burns  very  steadily  with  a  hardly  audible 
hissing  sound,  a  slight,  rapid  wavering  of  the  ammeter  needle 
of  about  0.03  ampere  about  the  median  value,  and  very  little 
wandering  of  the  anode  spot  on  the  surface  of  the  molten  bead. 
The  cathode  spot  shows  no  tendency  to  wander.  This  is  the 
current  range  at  which  constant  emission  is  obtainable.  Be¬ 
yond  about  6  amperes,  where  the  break  in  the  linearity  of  the 
curve  occurs,  the  arc  becomes  irregular,  the  hissing  sound  be¬ 
comes  louder,  and  the  anode  spot  begins  to  wander,  some¬ 
times  striking  to  the  graphite  support.  The  ammeter  needle 
reflects  this  irregularity  by  rapid,  wide  fluctuations,  thus 
making  it  very  difficult  to  maintain  the  current  at  any  fixed 
value. 

As  read  from  the  slope  of  the  curve,  a  change  of  1  ampere 
causes  a  change  of  emission  of  about  50  per  cent.  The  un¬ 
avoidable  swing  of  about  0.03  ampere  therefore  causes  a 
change  of  1.5  per  cent  about  the  standard  value.  However, 
this  variation  is  averaged  over  the  period  of  exposure,  so  that 
the  error  due  to  current  fluctuations  should  be  less  than  1  per 
cent. 

The  extrapolated  curve  does  not  pass  through  the  origin 
but  still  shows  a  value  of  2  amperes  at  zero  emission,  which  is 
interpreted  to  mean  that  this  portion  of  the  total  current  goes 
to  make  up  thermal  losses  (by  conduction  and  by  incandes¬ 
cent  radiation)  at  the  electrodes.  If  this  portion  is  sub¬ 
tracted  from  the  total  current — that  is,  if  the  curve  of  Figure 
2  is  shifted  laterally  to  pass  through  the  origin — the  pro¬ 
portionality  between  current  and  emission  becomes  direct,  up 
to  the  break  in  the  curve. 

The  voltage  drop  across  the  electrodes  could  be  used  just  as 
well  as  a  parameter  of  emission,  as,  according  to  the  arc  equa¬ 
tions  of  Ayrton  ( 1 )  and  of  Nottingham  (3),  current  and  volt¬ 
age  are  interdependent.  However,  contact  resistances  in 
the  arc  stand,  particularly  between  the  iron  oxide  bead  and 
the  graphite  support,  would  then  become  unpredictable  fac¬ 
tors,  so  that  it  is  safer  to  use  current  as  the  control. 

When  the  emission  was  examined  with  respect  to  time,  the 
curve  of  Figure  3  was  obtained.  This  indicated  that  a  short 
warming-up  period  was  required  to  establish  thermal  equilib¬ 
rium  at  the  electrodes,  about  1.5  minutes  being  enough. 
Beyond  that,  the  emission  became  constant,  the  experimental 
points  shown  in  the  graph  deviating  less  than  1  per  cent 
from  the  mean.  Although  the  duration  of  the  test  was  10 
minutes,  which  is  ample  for  most  purposes,  this  period  can  be 
extended  greatly.  However,  hand-regulation  for  more  than  a 
few  minutes  becomes  very  tiresome,  so  that  for  longer  periods 
a  better  plan  is  to  provide  mechanical  feed.  In  this  connec¬ 
tion,  evaporation  of  the  bead  will  provide  no  difficulty,  as  the 
rate  of  evaporation  is  less  than  2  mg.  per  minute  at  4  am¬ 
peres. 

The  influence  of  electrode  spacing  on  emission  was  investi¬ 
gated  next,  and  the  results  are  shown  in  Figure  4.  As  read 
from  the  graph,  the  rate  of  change,  is  about  5  per  cent  per 


millimeter  change  in  arc  gap.  This 
figure  has  only  qualitative  signifi¬ 
cance,  as  it  depends  to  a  great  extent 
on  the  method  of  illuminating  the 
spectrograph.  However,  it  is  evident 
that  the  electrode  gap  should  be 
carefully  standardized.  This  can  be 
done  to  within  a  few  tenths  of  a 
millimeter  with  no  great  difficulty  by 
projecting  a  greatly  enlarged  image 
of  the  arc  on  a  marked  screen. 

A  large  part  of  this  variation  is 
caused  by  the  fact  that  emission 
along  the  length  of  the  arc  column 
is  not  uniform.  This  point  was  investigated  by  focusing 
an  image  of  the  arc  on  the  slit  (all  the  other  spectra  were 
taken  with  the  arc  focused  on  the  dispersing  medium,  in 
these  experiments  a  grating),  then  dividing  the  resulting 
spectrum  line  into  a  number  of  equal  segments  and  meas¬ 
uring  the  intensity  of  each  segment.  Figure  5  shows  this 
variation  in  emission  along  the  arc  column.  It  will  be 
noted  that  the  curve  is  not  symmetrical  about  the  mid¬ 
point  of  the  arc  gap;  the  intensity  is  peaked  near  the 
anode.  This  is  in  general  agreement  with  the  experience  of 
Strock  ( 6 )  and  others.  Therefore,  if  the  arc  is  to  be  used  as  a 
day-to-day  standard,  capable  of  giving  reproducible  results 
even  though  the  setup  be  dismantled  and  reassembled  be¬ 
tween  exposures,  the  portion  of  the  fight  actually  photo¬ 
graphed  must  always  be  taken  from  the  same  part  of  the  arc 
column.  No  quantitative  significance  is  intended  by  the 
presentation  of  this  curve;  it  is  given  here  only  to  emphasize 
the  fact  that  distribution  of  emission  from  an  arc  is  not  at  all 
uniform  along  its  length.  Other  lines  would  undoubtedly 
show  other  types  of  distribution.  To  minimize  the  error  due 
to  this  effect,  as  large  a  portion  of  the  arc  emission  as  possible 
should  be  used  in  making  the  exposure.  Perhaps  the  best 
arrangement,  not  always  feasible  with  existing  condensing 
systems,  is  to  use  the  whole  of  the  radiation,  excluding  only 
the  incandescent  light  from  the  poles. 


Figure  4 


From  the  tests  as  presented  here,  it  may  be  concluded  that 
the  reproducibility  for  a  series  of  exposures  taken  without  dis¬ 
arranging  the  optical  setup  should  be  within  1  per  cent;  ex¬ 
posures  taken  with  an  impermanent  setup  should  be  repro¬ 
ducible  to  3  per  cent. 

The  size  of  bead  may  affect  emission  to  a  slight  extent 
because  thermal  losses  are  a  function  of  the  exposed  surface. 
However,  no  such  effect  was  noted  when  the  emissions  from 
beads  of  various  sizes  were  compared.  The  beads  ranged  in 
weight  from  250  to  500  mg.  With  a  smaller  bead,  the  arc 
tended  to  strike  to  the  graphite  support;  with  larger  beads, 
the  entire  mass  did  not  fuse,  so  that  the  upper  surface  was 
more  nearly  plane  than  spherical. 
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As  Pfund  pointed  out,  other  metals  can  be  used  as  the 
anode.  The  present  author  has  tried  several  having  spectra 
similar  to  iron.  Cobalt  and  nickel,  particularly  the  latter, 
behaved  very  well,  chromium  refused  to  fuse  to  a  bead,  and 
manganese  proved  entirely  unsteady.  No  tests  were  made 
for  reproducibility. 

Applications  of  Iron  Arc 

Besides  the  use  to  which  the  standard  iron  arc  is  put  in  this 
laboratory,  it  should  prove  highly  suitable  for  plate  calibration 
in  conjunction  with  the  usual  internal  standard  procedure  of 
spectrochemical  analysis,  particularly  when  one  is  forced 


to  make  multiple  exposures,  as  with  astigmatic 
spectrographs.  A  further  possible  use  is  in 
absorption  work,  where  two  separate  exposures, 
one  through  the  solvent  and  one  through  the 
solution,  can  be  taken  in  place  of  the  single 
exposure  with  a  split  beam.  Hence,  it  would 
obviate  use  of  a  cumbersome  piece  of  appa¬ 
ratus.  Still  another  use  is  in  miscellaneous 
test  work  in  the  laboratory,  such  as  the  deter¬ 
mination  of  relative  spectral  sensitivity  of  plates, 
relative  efficiency  of  condensing  systems,  and 
selective  absorption  of  screens  and  neutral  filters. 
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An  Empirical  Mercurimetric  Method  for  Zinc 

ALBERT  C.  TITUS  AND  JACK  S.  OLSEN 
University  of  Utah,  Salt  Lake  City,  L  tah 


IN  THE  application  of  the  usual  volumetric  ferrocyanide 
method  to  the  determination  of  zinc  dependable  results 
can  be  obtained  only  with  practice  and  by  standardizing  the 
procedure  very  carefully.  However,  a  previously  existing 
gravimetric  method  was  perfected  by  Vosburgh,  Cooper,  Clay¬ 
ton,  and  Pfann  (6‘)  in  which  the  zinc  was  precipitated  as  its 
mercuric  thiocyanate.  By  converting  this  to  a  volumetric 
basis  time  could  be  saved  in  an  otherwise  excellent  method. 
Jamieson  ( 2 )  dissolved  the  precipitate  in  an  excess  of  potas¬ 
sium  iodate  in  acid  solution,  extracted  the  liberated  iodine 
by  an  ether  layer,  and  titrated  in  this  two-phase  system  with 
sodium  thiosulfate  until  the  disappearance  of  the  purple 
color  in  the  ether  layer.  The  liberation  of  free  hydrocyanic 
acid  tends  to  make  this  method  undesirable.  Another  con¬ 
version  to  the  volumetric  basis  was  that  of  Kolthoff  (-5),  who 
determined  the  excess  of  precipitant  in  aliquot  portions  of  the 
supernatant  liquid  above  the  white  crystalline  zinc  mercuric 
thiocyanate,  using  a  standard  mercuric-ion  solution  with 
ferric-ion  indicator. 

It  would  seem  preferable  to  determine  some  constituent 
of  the  pure  precipitate  rather  than  the  excess  of  precipitating 
agent  in  the  filtrate,  since  the  latter  would  contain  various 
possibly  interfering  ions  derived  from  the  sample  being 
analyzed.  The  authors  base  their  method  upon  the  mer¬ 
curimetric  determination  of  the  excess  iodide  remaining  in  a 
solution  made  by  dissolving  the  filtered  out  zinc  mercuric 
thiocyanate  in  a  known  amount  of  potassium  iodide  solution. 
This  empirical  method  necessitates  the  use  of  a  simple 
straight-fine  equation  to  convert  the  milliequivalents  of  iodide 
apparently  used  up  to  milliequivalents  of  zinc.  Its  appli¬ 


cation  should  be  particularly  useful  in  the  routine  determina¬ 
tion  of  large  numbers  of  zinc  samples. 

Were  the  method  stoichiometric,  the  following  equations 
would  represent  the  course  taken  by  the  reactions : 

4L  +  ZnHg(SCN)4  =  Zn++  +  Hgl4—  +  4  SCN“ 
(excess)  (precipitate) 

Hg++  +41“=  HgL 
(standard 
solution) 

The  indicator  for  the  last  reaction  is  self-contained  in  the 
system : 

Hg++  +  HgL  =  2  Hgl2  (red  precipitate) 

In  practice  two  sources  of  error  of  opposite  sign  appear  to 
be  the  chief  reasons  for  the  empirical  relationship.  The  first 
is  a  positive  error  caused  by  the  appearance  of  the  end  point 
before  an  equivalent  amount  of  mercuric  ion  has  been  added, 
causing  the  calculated  amount  of  used  up  iodide  to  be  too 
high.  As  has  been  pointed  out  by  Kolthoff  (3,  4) ,  the  error  is 
quantitatively  related  to  the  square  root  of  the  HgL  molarity 
at  the  equivalence  point.  By  control  of  the  volume  at  the 
end  point  and  of  the  amount  of  iodide  added,  the  concentra¬ 
tion  of  the  HgL  is  kept  essentially  constant  in  all  runs, 
whether  no  zinc  is  present  or  a  large  amount  is  being  deter¬ 
mined.  In  this  way  the  positive  error  is  kept  constant. 

The  other  and  negative  error  is  proportional  to  the  amount 
of  zinc  being  determined,  since  it  is  due  to  the  thiocyanate 
ion  equivalent  to  the  former.  Near  the  equivalence  point  the 
iodide-ion  molarity  decreases  rapidly  and  so  becomes  too 
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small  to  prevent  the  formation  again  of  some  Hg(SCN)4 — , 
leading  to  the  addition  of  too  much  mercuric  ion  as  the 
standard  solution. 

Reagents  and  Apparatus 

Nitric  acid  and  water  were  properly  purified.  In  all  work 
check  runs  were  made  with  separately  distilled  water. 

Zinc  Nitrate.  This  was  standardized  indirectly  as  explained 
below.  Any  impurities  which  might  react  like  zinc  would  not 
be  harmful,  since  the  solution  was  merely  used  in  checking  the 
precision  of  the  equation  for  the  general  method  and  the  straight¬ 
ness  of  the  curve  represented  by  the  equation. 

Potassium  Iodide.  The  very  useful  discovery  of  Bouyer  ( 1 ) 
that  magnesium  hydroxide  exerts  a  stabilizing  effect  on  potassium 
iodide  solutions  was  most  helpful  in  enabling  the  authors  effec¬ 
tively  to  prevent  a  slow  oxidation  to  iodine  which  would  other¬ 
wise  have  taken  place.  To  about  20  liters  of  the  solution  made 
from  the  reagent  material  there  was  added  about  1  gram  of  mag¬ 
nesium  oxide.  The  solution  was  found  by  the  gravimetric  silver 
method,  by  two  series  of  four  runs  each,  to  be  0.1097  ±  0.0005  N. 
Appropriate  blanks  were  negligible.  In  the  appli  cation  of  the 
zinc  method  the  normality  of  the  iodide  must  not  vary  more 
than  a  very  few  per  cent  from  0.11,  since  it  controls  the  Hgl4 
concentration.  The  normality  is  obtained  by  dividing  the  gravi- 
metrically  obtained  molarity  by  two.  The  latter  must  be  known 
to  a  very  few  tenths  of  a  per  cent. 

Mercuric  Nitrate  Solutions.  For  each  solution  reagent 
mercuric  nitrate  was  dissolved  in  pure  nitric  acid,  followed  by 
appropriate  dilution.  Solution  II  was  0.20  N  in  nitric  acid  and 
was  found  to  be  0.1081  =*=  0.0002  N  in  mercuric  ion  by  two  series 
of  three  and  four  runs,  respectively,  against  standard  potassium 
thiocyanate.  Solution  III  was  0.17  N  in  the  acid  and  in  two 
series  of  three  runs  each  its  strength  in  mercuric  ion  was  found 
to  be  0.1088  ±  0.0005  N.  Ferric  alum  was  the  indicator. 

Potassium  Thiocyanate.  Reagent  material  was  used  in 
making  a  solution  which  was  standardized  against  two  different 
silver  nitrate  solutions  in  the  presence  of  nitric  acid,  using  the 
same  sample  of  indicator  employed  for  the  mercuric  nitrate 
standardizations.  The  first  solution  of  silver  nitrate  was  made 
from  a  commercial  sample  of  “pure  recrystallized  silver  nitrate” 
and  the  second  from  silver  nitrate  made  by  recrystallization  of 
more  of  the  first  sample.  In  each  case  the  powdered  material 
was  dried  at  110°  C.  and  made  to  volume.  Two  sets  of  three 
runs  each  showed  that  the  final  normality  of  the  thiocyanate  was 
0.1080  ±  0.0004. 

Potassium  Mercuric  Thiocyanate.  Ammonium  thiocyanate 
was  dissolved  and  recrystallized,  after  filtration,  and  the  crys¬ 
tals  were  washed  in  filtered  alcohol.  To  a  solution  of  this 
ammonium  thiocyanate,  reagent  grade  mercuric  nitrate  was 
added  to  form  mercuric  thiocyanate.  For  each  liter  of  final 
0.1  N  solution  there  were  used  16  grams  of  the  mercuric  thiocya¬ 
nate  which  was  dissolved  in  a  concentrated  solution  made  from 
11  grams  of  reagent  potassium  thiocyanate.  Some  hydrolysis 
occurred  during  preparation  but  after  filtering  no  further  change 
was  observed.  The  solution  contained  10  per  cent  excess  of 
the  potassium  thiocyanate. 

Method  for  Determination  of  Zinc 

1.  Take  a  sample  containing  0.04  to  0.17  gram  of  zinc  as  the 
sulfate  or  nitrate  in  about  50  ml.  of  acidic  solution.  (The  final 
normality  after  precipitation  of  the  zinc  can  be  as  high  as  0.1  in 
acid.) 

2.  Add  75  ml.  of  0.1  N  potassium  mercuric  thiocyanate 
slowly  with  mechanical  stirring.  Let  stand  1  hour. 

3.  Filter,  and  wash  with  50  to  75  ml.  of  0.001  molar  (0.002  N), 
potassium  mercuric  thiocyanate  cooled  to  0  °  C.  Discard  the  fil¬ 
trate  and  washings.  (The  filter  paper  used  was  No.  201,  H. 
Reeve  Angel  &  Co.,  New  York.) 

4.  Punch  a  hole  in  the  bottom  of  the  filter  paper  and  wash  the 
precipitate  through.  (The  comparatively  large  crystals  washed 
cleanly  away  from  the  surface  of  the  paper  in  this  work.)  How¬ 
ever,  if  desired  the  potassium  iodide  used  in  the  fifth  step  can 
next  be  allowed  to  run  over  the  paper  as  it  is  delivered  from  the 
pipet.  Washing  can  then  follow. 

5.  Treat  the  samples  with  50  ml.  of  0.11  N  (0.22  M)  potas¬ 
sium  iodide  solution  and  thoroughly  shake  to  ensure  complete 
solution. 

6.  Titrate  with  0.1  A  mercuric  nitrate  until  the  appearance 
of  a  permanent  trace  of  red  color.  Close  artificial  light,  such  as 
that  from  a  reading  lamp,  is  essential.  Near  the  end  point  so 
adjust  the  volume  that  it  is  within  2  or  3  ml.  of  the  125-ml.  total 
volume  at  the  end  point. 
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Steps  1  to  3  were  essentially  those  used  by  Vosburgh  and 
associates  ( 6 )  in  the  gravimetric  method. 

Method  of  Calculation 

The  amount  of  apparently  used  up  potassium  iodide  to  be 
inserted  in  the  following  equation  is  obtained  by  subtracting 
the  milliequivalents  of  mercuric  nitrate  used  from  those  of 
potassium  iodide  added. 

Milliequivalents  of  zinc  = 

1.160  (milliequivalents  of  KI)  —  0.360 

Establishment  of  Equation  for  Curve  Relating 
Zinc  to  Used  Up  Iodide 

This  equation  is  for  a  fine  connecting  two  points  obtained 
in  the  manner  to  be  described.  With  a  known  amount  of 
pure  zinc  in  solution  the  application  of  the  general  method 
of  analysis  gave  values  for  the  calculated  milliequivalents  of 
iodide  which  appeared  to  have  originally  reacted  with  the  zinc 
mercuric  thiocyanate  precipitate.  From  this  relationship 
and  from  that  obtained  by  direct  titrations  of  iodide  with 
mercuric  nitrate,  where  no  zinc  was  present,  the  afore-men¬ 
tioned  two  points  were  obtained.  That  the  equation  rep¬ 
resenting  the  straight  line  connecting  these  points  is  precise 
and  that  the  line  is  straight  are  shown  below. 

Two  separate  samples  of  spectrographically  pure  zinc  were 
dissolved  in  nitric  acid  and  the  solutions  evaporated  to  about 
2  ml.  They  were  made  up  to  volume  in  a  100-ml.  flask  and  ali¬ 
quot  portions  were  analyzed  by  the  general  method.  For  each 
original  solution  the  first  four  runs  recorded  were  made  without 
rinsing  the  filter  paper  with  the  iodide  solution,  while  the  papers 
in  the  second  group  were  washed  as  usual  with  water  to  remove 
the  crystals  by  rinsing  them  down  through  the  hole  that  was 
punched  in  the  bottom,  the  pipetful  of  iodide  was  allowed  to  run 
over  the  paper,  and  more  rinsing  with  water  occurred.  All  runs 
to  check  the  method  (Table  II)  were  made  without  treatment  of 
the  paper  with  the  iodide.  Either  washing  technique  seemed 
adequate. 


Table  I.  Data  for  Establishing  Equation 


KI 

Deviation 

Zinc 

He(NOs) 

t  Needed 

Used  Upa 

Zinc 

from 

Present 

(Soln.  Ill,  0.1088  A0 

(Apparent) 

Found 

Known 

Mill*- 

MillU 

equivalents 

Ml. 

equivalents 

1  /  .■  D  .l -  *  7  -  -  i  - 

' 

4.530 

11.94 

(±0.14)4 

1.299 

4.199 

4.511 

-0.019 

4.530 

11.79 
( ±0. 16)s 

1.2836 

4.215 

4.529 

-0.001 

4.552« 

11.53 

(±0.07)4 

1.254 

4.244 

4.563 

+0.011 

4.552« 

11.54 

(±0.11)4 

1.2556 

4.243 

4.562 

+0.010 

0.000 

47.97 d 
(±0.05)s 

5.186 

0.312 

+0.002 

+0.002 

0.000 

47.71 

(±0.01)8 

5.191 

0.307 

-0.004 

-0.004 

°  50.12  ml.  of  0.1097  N  KI  per  run  were  added,  5.498  milliequivalents. 

6  Paper  rinsed  with  KI. 

e  Different  zinc  solution  than  in  first  two  lines. 

d  Used  solution  II,  0.1081  N. 

In  both  Table  I  and  Table  II  the  =*=  figures  within  par¬ 
entheses  are  the  volume  deviations  of  the  most  varying  ac¬ 
cepted  runs  from  their  mean  given  just  above.  The  sub¬ 
script  figures  outside  of  the  parentheses  are  the  total  numbers 
of  these  runs.  Not  more  than  one  run  per  group  was  dis¬ 
carded  because  of  a  deviation  much  larger  than  those  in  the 
accepted  group. 

In  one  of  the  series  of  zero  zinc  runs  in  Table  I  the  volume 
of  mercuric  nitrate  was  found  to  be  47.97  ml.  in  place  of  the 
stoichiometrically  called  for  50.86  ml.  This  deficiency  was 
equivalent  to  3.13  ml.  of  the  0.05  molar  mercuric-ion  solu¬ 
tion  used  by  Kolthoff  (3,  4)  in  evolving  his  method  for  cal- 
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culating  the  correction  to  be  made  for  such  titrations.  How¬ 
ever,  by  the  use  of  his  method  the  correction  called  for  is 
only  2.41  ml.  Because  of  this  0.72-ml.  discrepancy  his 
method  of  correction  must  not  be  used  under  conditions 
varying  too  widely  from  those  under  which  he  established  it. 
Further  work  should  be  carried  out  with  the  iodide-ion  titra¬ 
tion  with  the  mercuric  ion.  By  a  wide  variation  of  conditions 
it  is  hoped  that  data  may  be  obtained  from  which  a  more 
generally  valid  method  of  predicting  the  correction  may  be 
based.  Such  an  investigation  has  been  started  in  this  lab¬ 
oratory. 

Check  on  Precision  of  Method  and  Straightness 

of  Curve 

Checking  various  points  on  the  curve  by  the  general 
method  showed  that  it  obeyed  the  straight-line  equation 
previously  given.  The  equation  was  used  in  obtaining  the 
zinc  found,  which  was  compared  with  the  zinc  present  as 
shown  in  Table  II. 

« 

Table  II.  Establishment  of  Straightness  of  Curve  and 
Precision  of  Method 

KI  Deviation 


Zinc  Hg(NC>3)2  Needed  Used  Upa  Zinc  from 

Present  (Soln.  II,  0.1081  N)  (Apparent)  Found  Known 

Milli-  Milli- 


equivalents 

Ml.  equivalents 

— Milliequivalents- 

1.302 

37.79 

(±0.02), 

4.085 

1.413 

1.279 

-0.023 

1.302 

37.78 

(±0.04), 

4.084 

1.414 

1.280 

-0.022 

3.240 

22.02 

(±0.03), 

2.380 

3.118 

3.257 

+0.017 

3.240 

22.02 

(±0.06), 

2.380 

3.118 

3.257 

+0.017 

5.579 

3.69 
(  =2=0.  11)6 

0.399 

5.099 

5.555 

-0.024 

5.579 

3.47 

(±0.21), 

0.375 

5.123 

5.583 

+0.004 

5.580 

3.486 

(±0.11), 

0.379 

5.119 

5.578 

-0.002 

4.304° 

13.676 

(±0.09), 

1.487 

4.011 

4.293 

-0.011 

°  50.12  ml.  of  0.1097  N  KI  per  run  were  added,  5.498  milliequivalents. 
&  Used  solution  III.  0.1088  N. 

'  Merck’s  reagent  grade  stick  zinc. 


The  normality  of  the  zinc  nitrate  solution  was  obtained 
indirectly  by  applying  the  method  and  equation  to  the 
5.580-milliequivalent  group  of  runs,  so  that  this  point  was 
essentially  placed  on  the  curve  already  established  for  the 
spectrographic  zinc.  Table  II  shows  that  the  other  points 
obtained  with  the  indirectly  standardized  zinc  nitrate  vary 
only  slightly  from  the  curve. 

Included  in  Table  II  are  data  for  a  sample  of  Merck’s 
reagent  grade  zinc  which  was  treated  in  the  same  way  as  the 
pure  zinc.  The  former  is  considered  merely  as  supplemen¬ 
tary,  since  only  one  solution  was  made  up. 

From  an  inspection  of  the  data  it  would  seem  safe  to  claim 
a  precision  of  0.030  milliequivalent  for  the  method.  Thus  the 
absolute  percentage  error  will  not  be  over  2.5  per  cent  with 
the  0.04-gram  (1.2-milliequivalent)  samples  of  zinc  present 
in  the  smallest  samples  advocated.  On  the  other  hand,  using 
samples  large  enough  to  operate  in  the  upper  part  of  the 
curve  the  error  will  be  about  one  fourth  of  this  amount. 
Thus  with  0.16  gram  of  zinc  not  over  0.6  per  cent  absolute 
error  would  be  expected.  It  should  be  pointed  out  that 
0.030  milliequivalent  is  0.98  mg.  of  zinc. 

Application  to  Larger  Samples 

With  samples  containing  much  over  0.17  gram  of  zinc 
there  would  be  insufficient  potassium  iodide  in  the  50  ml.  of 


0.11  N  solution  incorporated  in  the  method  of  analysis.  By 
using  a  higher  normality  of  iodide  this  could  be  overcome, 
but  in  that  event  the  empirical  equation  would  no  longer 
apply  because  of  the  change  in  the  position  of  the  curve. 
However,  a  new  equation  could  be  established  for  the  higher 
normality  of  iodide  by  obtaining  a  new  zero  zinc  point  along 
with  one  other  point,  using  considerable  pure  zinc.  The 
mercuric  nitrate  must  be  standardized  independently  of  the 
iodide  by  a  method  similar  to  that  employed  by  the  authors. 

Interfering  Substances 

Other  halides  tend  to  interfere  with  the  mercuric-ion  titra¬ 
tion  of  iodides,  although  apparently  chloride  has  compara¬ 
tively  little  effect,  since  Kolthoff  (5)  did  not  consider  it  in 
his  theoretical  evaluation  of  the  correction  to  be  made  in  ti¬ 
trating  iodide  with  mercuric  chloride.  Thus,  there  seemed 
no  apparent  reason  why  his  corrections  should  not  be  applied 
also  to  mercuric  nitrate  solutions. 

Such  metals  as  copper,  which  in  solution  tend  to  form 
insoluble  compounds  with  the  precipitating  agent,  must  be 
absent  when  the  zinc  is  precipitated.  Kolthoff  (5)  points 
out  that  copper  can  be  removed  with  metallic  aluminum, 
since  ferric  and  aluminum  ions  do  not  interfere  at  this  point. 

In  the  authors’  method  such  ions  as  chloride  or  ferric, 
which  might  be  present  in  the  zinc  solution,  are  removed  in 
the  discarded  filtrate.  (This  is  true  for  at  least  moderate 
amounts  of  chloride,  as  shown  experimentally  by  Vosburgh 
and  associates,  6.)  The  excess  of  thiocyanate  ion  causes 
formation  of  the  proper  precipitate  in  spite  of  the  tendency 
of  chloride  to  form  mercury  complexes.  Ions  which  did  not 
interfere  with  the  formation  of  the  precipitate,  but  which 
might  affect  later  steps,  are  often  discarded  in  this  way.  Here 
there  is  an  advantage  over  the  method  of  Kolthoff  ( 5 )  in 
which  chloride  must  be  removed  from  the  zinc  solution,  since 
otherwise  it  is  present  while  the  mercuric  thiocyanate  com¬ 
plex  ion  excess  is  being  titrated  with  the  mercuric  ion. 

Conclusion 

A  routine  method  suitable  for  the  determination  of  large 
numbers  of  zinc  samples  is  described.  This  empirical  volu¬ 
metric  procedure  consists  of  precipitating  the  zinc  as  the 
mercuric  thiocyanate,  dissolving  the  washed  precipitate  in 
standard  potassium  iodide  solution,  and  titrating  the  ap¬ 
parent  excess  of  the  latter  with  standard  mercuric  nitrate 
solution.  The  relationship  between  the  apparent  iodide 
used  and  the  actual  amount  of  zinc  present  is  represented  by 
an  equation  for  a  straight  line.  Many  impurities  possibly 
present  in  the  original  sample  are  discarded  in  the  filtrate 
from  the  zinc  precipitate  and  so  do  not  interfere. 
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Determination  of  Pyrethrin  I 

Investigation  of  Seil  Color  Reaction  in  Mercury  Reduction  Method 

CLARENCE  S.  SHERMAN  AND  ROBERT  HERZOG 
Cooper  Union  Institute  of  Technology,  New  York,  N.  Y. 


A  REVIEW  of  the  literature  relating  to  the  evaluation 
of  pyrethrum  products  indicates  that,  although  there 
are  a  number  of  methods  for  determining  pyrethrin  I  (12), 
serious  objections  have  been  raised  to  most  of  them  (2,  3, 
6,  10).  The  most  recent  and  most  promising  is  the  one  pro¬ 
posed  by  Wilcoxon  (13)  and  modified  by  Holaday  (4, 5).  Re¬ 
sults  with  the  Wilcoxon  method  have  shown  nonlinearity — 
i.  e.,  the  use  of  different  sized  samples  of  the  same  extract 
gives  different  results  for  the  percentage  of  pyrethrin  I  (<§). 
The  present  authors  have  found  this  nonlinearity  to  hold 
in  the  analysis  of  commercial  pyrethrum  oleoresin,  thus 
checking  the  observations  of  Martin  (8).  Furthermore 
they  have  carried  out  a  series  of  determinations,  by  means  of 
the  Wilcoxon  method,  using  aliquots  of  a  carefully  purified 
sample  of  chrysanthemum  monocarboxylic  acid  that  was 
isolated  from  the  commercial  pyrethrum  oleoresin  in  the  man¬ 
ner  used  by  Wilcoxon.  Results  are  linear  over  a  large  range 
of  sample  sizes. 

Holaday’s  revised  method  of  analysis  of  commercial  in¬ 
secticides  (5)  removes  substances  other  than  the  pyrethrin  I 
acid  that  might  give  reaction  with  the  potassium  iodate  or 
other  reagent  used  in  titrating  mercurous  chloride  formed 
by  the  action  of  pyrethrin  I  acid  on  Deniges’  reagent  (acid 
mercuric  sulfate).  Evidently  interfering  substances  of  this 
sort  are  present  not  only  in  commercial  insecticides  but  in  the 
pyrethrum  oleoresin  as  well,  and  it  is  these  that  give  the  non¬ 
linearity  that  has  been  noted  with  the  use  of  the  unmodified 
Wilcoxon  method. 

The  titration  involved  in  the  Holaday  and  Wilcoxon 
methods  is  based  upon  procedures  elucidated  by  Jamieson 
(7)  and  Oesper  (9).  To  check  the  possibility  that  filter  paper 
in  the  titrated  solution  might  have  some  effect  on  the  end 
points  obtained,  titrations  of  pure  mercurous  chloride  were 
carried  out  with  and  without  the  presence  of  filter  paper. 
The  results  from  a  large  number  of  titrations  indicate  that 
the  presence  of  a  filter  paper  larger  than  7  cm.  (S.  &  S.  597) 
makes  the  end  point  difficult  to  determine  and  not  completely 
permanent. 


Seil  Color  Reaction 

The  basis  of  the  Wilcoxon  method  is  the  reaction  between 
pyrethrin  I  acid  (chrysanthemum  monocarboxylic  acid)  and 
Deniges’  reagent.  This  reaction  was  first  noted  in  the  litera¬ 
ture  by  Seil  (11)  and  subsequently  was  commented  upon  by 
Audiffren  (1).  Aside  from  the  work  of  these  men  and  of 
Wilcoxon,  nothing  has  been  done  in  connection  with  the 
reaction.  As  the  name  indicates,  the  reaction  is  accom¬ 
panied  by  some  striking  color  changes,  the  cause  of  which 
is  not  known.  In  fact,  all  the  specific  data  given  in  the  litera¬ 
ture  about  the  reaction  can  be  summarized  as  follows: 

(1)  The  reaction  is  accompanied  by  a  series  of  color  changes 
from  pink  to  blue-violet,  and  on  standing  greenish  shades  develop 
and  a  yellow-brown  precipitate  comes  down;  (2)  on  filtration 
the  solution  contains  mercurous  salt  as  shown  by  precipitation  of 
calomel  on  the  addition  of  hydrochloric  acid;  (3)  if  sufficient 
mono-  acid  is  used,  a  crystalline  precipitate  of  mercurous  sulfate 
is  deposited — usually  contaminated  with  colored  material;  (4)  the 
color  reaction  appears  to  be  highly  specific  for  the  monocarboxylic 
acid  (13)  because  it  is  not  given  by  the  pure  dicarboxylic  acid 
(pyrethrin  II  acid)  or  by  any  other  substance  thus  far  tested 


(even  though  there  are  several  substances  capable  of  reducing 
mercuric  mercury  under  the  conditions  of  the  reaction);  and  (5) 
the  intensity  of  the  color  developed  is  roughly  proportional  to  the 
amount  of  mono-  acid  used,  but  because  the  color  is  fleeting  the 
reaction  is  not  suitable  for  quantitative  colorimetric  analysis. 

To  attempt  to  arrive  at  some  conclusion  regarding  the 
mechanism  of  this  color  reaction,  a  number  of  experiments 
were  carried  out  using  practically  pure  chrysanthemum 
monocarboxylic  acid  isolated  from  pyrethrum  oleoresin 
(kindly  supplied  by  S.  B.  Penick  and  Company). 

Results.  The  time-  required  for  the  color  change  cycle  to 
occur,  when  approximately  20  mg.  of  pyrethrin  I  acid  were  used, 
was  as  follows: 

Time  after  Adding  Color 


Deniges’  Reagent 

Min.  Sec. 

(Observed  by  Transmitted  White  Light) 

0 

0 

Faint  white  cloudiness  appears  transiently 

10 

Pink 

30-A0 

Red 

'i' 

40 

Light  red-violet 

2 

40 

Blue- violet 

15-25 

Dull  blue 

35-50 

Blue- violet  at  top;  greenish  blue  at  bottom 

The  intensity  of  color  developed  is  roughly  proportional  to 
the  amount  of  mono-  acid  used  in  the  reaction. 

When  fairly  large  amounts  of  the  mono-  acid  are  used,  yellow- 
green  crystals  come  down  during  the  color  change  period.  These 
crystals  have  been  identified  as  mercurous  sulfate  (plus  colored 
contaminating  material). 

In  all  cases  a  fine,  powdery  dark  blue  precipitate  was  present  on 
the  bottom  of  the  reaction  vessel  at  the  end  of  the  color  change 
period.  On  filtering  this  and  washing  it  thoroughly  with  water, 
definite  positive  tests  for  mercury  and  sulfate  ion  were  obtained. 
The  blue  material  turned  black  on  prolonged  exposure  to  the 
atmosphere. 

Samples  of  the  reaction  mixture  when  the  color  was  pink  or 
red  were  unaffected  when  centrifuged  (with  a  hand  centrifuge); 
likewise  with  samples  which  had  reached  the  blue-violet  stage. 
In  the  case  of  samples  which  had  reached  the  dull  blue  stage 
(after  standing  at  least  10  minutes)  centrifuging  caused  the 
settling  out  of  a  quantity  of  blue  powder. 

When  saturated  sodium  chloride  solution  was  added  to  the 
reaction  mixture  after  it  had  stood  for  one  hour,  a  white  flocculent 
precipitate  of  calomel  formed  and  the  blue  color  vanished.  On 
adding  a  sufficient  quantity  of  saturated  sodium  chloride  solu¬ 
tion  at  any  stage  of  the  color  changes  (0  to  10  minutes)  the  color 
was  changed  instantaneously  to  blue,  and  a  white  precipitate  of 
calomel  plus  this  blue  material  came  down;  on  standing  awhile 
(or  centrifuging  briefly)  the  blue  material  disappeared  and  only 
the  white  precipitate  remained.  If  an  insufficient  quantity  of 
saturated  sodium  chloride  solution  (insufficient  to  convert  all  the 
mercurous  ion  to  calomel)  is  used  in  the  above  tests,  the  blue  ma¬ 
terial  formed  remains  permanently  as  a  blue  suspension  or 
coloration. 

The  above  results  completely  confirm  the  existing  data  on 
the  Seil  color  reaction,  and  also  make  possible  setting  up  the 
following  logical  hypothesis  as  to  the  mechanism  of  the  color 
reaction. 

The  nature  of  the  color  changes  and  the  behavior  of  the 
colored  material  on  centrifuging  are  definitely  indicative  of 
the  formation  during  the  reaction  of  a  colloidal  dispersion, 
the  particles  of  which,  as  time  passes,  become  larger  in  size 
and  finally  produce  a  coarse  suspension  whose  settling  can  be 
hastened  by  centrifuging,  unlike  a  colloidal  dispersion.  The 
addition  of  saturated  sodium  chloride  solution  at  any  stage 
of  the  reaction  not  only  produces  calomel  but  accelerates  the 
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Table  I.  Effect  of  Precipitants 

Time  Elapsed  between 
Adding  Denigds’  Reagent 
Sample  and  Sodium  Chloride 
No.  Solution 

Min. 

Pre¬ 

cipitant 

Added 

Cc. 

Time  Elapsed  between 
Adding  Deniges’  Reagent 
Sample  and  Sodium  Chloride 
Comments  No.  Solution 

Min. 

Pre¬ 

cipitant 

Added 

Cc. 

Comments 

1 


2 

3 

4 


5 


6 

7 

8 
9 

10 

11 

12 


1' 

2' 


Saturated  Sodium  Chloride  Solution 


0 

(NaCl  added  before 
adding  Deniges’ 
reagent) 

0.2 

0 

0.5 

0 

1.0 

5 

0.2 

5 

0 . 5 

5 

1.0 

15 

0.2 

15 

0.5 

15 

1.0 

30 

0.2 

30 

0.5 

30 

1.0 

Blue  suspension  formed,  partly 
settled  in  a  few  hours 

White  precipitate  plus  finely 
divided  white  suspension 
Same  as  No.  2 

White  precipitate,  fairly  well 
settled  in  5  min.,  plus  per¬ 
manent  blue  suspension 
Slight  white  suspension,  mainly 
a  well-settled  white  precipi¬ 
tate  (tinged  with  blue) 
Complete  precipitation,  all 
white 

Same  as  No.  4 
Same  as  No.  5 

Same  as  No.  6,  with  better 
settling 
Same  as  No.  7 
Same  as  No.  8 
Same  as  No.  9 


Saturated  Magnesium  Chloride  Solution 
5  0.5  White  suspension  plus  blue- 

white  precipitate 

5  1.0  Same  as  1\  but  less  suspended 

material 


3' 


4' 


5' 

6' 


7' 

8' 


9' 

10' 

11' 


12' 


Saturated  Magnesium  Chloride  Solution  (Cont’d) 

1.5  Almost  all-white  precipitate 

plus  small  amount  of  sus¬ 
pended  material 

2.0  Same  as  3',  but  precipitate  all 

white 


o 

5 


5 

5 

5 


o 


Saturated  Zinc  Chloride  Solution 

0 . 2  Blue  and  white  precipitate  plus 
blue*  suspension 

0. 5  White  precipitate  plus  fine  blue 

suspension 
1 . 0  Same  as  6' 

1 . 5  All  white  precipitate  plus  small 

amount  of  white  suspension 

Saturated  Ammonium  Chloride  Solution 

0.2  Bluish  precipitate  plus  large 

amount  of  white  suspension 
0.6  Same  as  9' 

1 . 5  Blue-white  precipitate  plus  fine 

white  suspension 

Sodium  Chloride  Control 

1 . 1  All-white  precipitate,  clear 

supernatant  liquid 


agglomeration  of  the  colloidal  particles  into  their  final  coarse 
form  (the  blue  powder). 

Since  the  addition  of  sufficient  sodium  chloride  solution 
results  in  the  disappearance  of  the  blue  coloration,  while 
Insufficient  sodium  chloride  (although  producing  some  calo¬ 
mel)  allows  the  coloration  to  persist,  it  is  concluded  that  the 
blue  coloration  is  due  to  the  presence  of  either  metallic  mer- 
icury  or  a  mercury  compound  (or  both)  in  dispersion,  which  is 
converted  to  the  stable  calomel  on  addition  of  saturated  so¬ 
dium  chloride  solution.  The  fact  that  the  various  colors  pro¬ 
duced  are  almost  identical  with  those  of  metallic  gold  and 
platinum  sols  of  different  particle  size  confirms  the  supposition 
of  changing  particle  size,  but  is  not  ground  for  assuming  that 
the  colloidal  dispersion  is  metallic  mercury  (because  colloidal 
form  and  chemical  constitution  are  not  so  closely  related). 
However,  the  change  of  the  blue  powder  (which  gives  positive 
tests  for  mercury)  to  black  on  exposure  to  air  is  indicative  of 
the  presence  of  metallic  mercury  in  this  blue  powder. 

Use  of  Precipitants  Other  Than  Sodium  Chloride. 
A  number  of  experiments  were  carried  out  to  determine  the 
effect,  on  the  appearance  of  the  calomel  precipitate,  of  the  ad¬ 
dition  of  saturated  sodium  chloride  solution  at  various  stages 
of  the  reaction,  and  also  to  investigate  the  effect  of  other 
chlorides. 

Procedure.  In  each  case  5  cc.  of  a  solution  of  the  sodium 
salt  of  chrysanthemum  monoearboxylic  acid  (equivalent  to  ap¬ 
proximately  20  mg.  of  pyrethrin  I)  were  treated  with  3  cc.  of 
Deniges’  reagent.  The  precipitants  were  added  after  varying 
time  intervals,  and  the  resulting  precipitate  and  solution  were 
hand-centrifuged  for  0.5  minute.  Results  obtained  are  given  in 
Table  I. 

Results.  The  data  obtained  indicate  that  sodium  chlo¬ 
ride  is  the  best  precipitant  for  complete  conversion  to  calomel 
(all  white)  and  for  elimination  of  fine  suspended  material. 
Absence  of  suspended  material  is  desirable  because  it  makes 
filtration  easier.  The  data  on  the  use  of  different  amounts 
of  sodium  chloride  solution  with  various  elapsed  times  after 
addition  of  Deniges’  reagent  show  that  (1)  undesirable  fine 
white  suspensions  are  produced  for  elapsed  times  under  15 
minutes;  (2)  for  elapsed  times  of  15  minutes  or  more,  a  com¬ 
pletely  settled  white  flocculent  precipitate  is  produced  (no 
advantage  accrues  evidently  for  elapsed  times  of  greater  than 
15  minutes);  (3)  for  best  precipitation,  the  use  of  approxi¬ 


mately  1  cc.  of  saturated  sodium  chloride  solution  per  20  mg. 
of  pyrethrin  I  is  to  be  recommended  (as  in  the  Wilcoxon  pro¬ 
cedure,  18). 

Summary 

In  the  mercury  reduction  method  for  determining  py¬ 
rethrin  I  excess  filter  paper  in  the  titration  mixture  is  to  be 
avoided,  as  its  presence  tends  to  produce  difficult  and  less 
readable  end  points. 

The  application  of  the  Wilcoxon  method  to  samples  of 
practically  pure  chrysanthemum  monoearboxylic  acid  and  of 
a  commercial  pyrethrum  oleoresin  indicates  that  linearity 
of  results  exists  in  the  first  case,  and  a  marked  nonlinearity 
exists  in  the  second  case,  confirming  previous  work. 

The  color  changes  observed  in  the  Seil  color  reaction  are 
concluded  to  be  the  result  of  the  formation  of  a  colloidal  dis¬ 
persion  of  metallic  mercury  or  of  some  mercury  compound 
which,  on  standing,  undergoes  spontaneous  successive  in¬ 
creases  in  particle  size  until  a  coarse  suspension  (blue-colored) 
is  formed. 

In  the  Wilcoxon  procedure  the  use  of  precipitants  other 
than  sodium  chloride  has  no  advantage.  However,  the 
time  elapsed  between  the  addition  of  Deniges’  reagent  and  the 
addition  of  sodium  chloride  solution  can  be  reduced  to  15 
minutes  (from  the  time  of  1  hour  specified  by  Wilcoxon), 
provided  the  mixture  is  centrifuged  briefly  following  the 
sodium  chloride  addition. 
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Determination  of  Silica  and  RO  in 

Portland  Cement 
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THE  determination  of  silica  in  cement  and  cement  clinker 
usually  (1)  involves  treatment  of  the  ignited  silica  with 
sulfuric  and  hydrofluoric  acids,  followed  by  heating  to  drive 
off  the  silicon  as  silicon  tetrafluoride  and  ignition  of  the  resi¬ 
due  to  constant  weight.  The  loss  of  weight  effected  by  this 
treatment  is  considered  to  be  total  silica.  The  R^-zHaO 
precipitate  is  placed  in  the  crucible,  dried,  ignited,  and 
weighed  to  obtain  the  total  R2O3  which  includes  titanium  and 
vanadium  oxides  as  well  as  the  oxides  of  iron  and  aluminum. 

In  this  method  the  silica  which  passes  through  the  filter 
and  is  finally  precipitated  with  the  R203.a;H20  is  not  deter¬ 
mined,  but  is  reported  as  alumina.  In  order  to  correct  for 
this  silica  some  laboratories  make  a  practice  of  fusing  the  ig¬ 
nited  R2O3  with  potassium  pyrosulfate,  dissolving  the  melt 
in  dilute  sulfuric  acid,  evaporating  to  low  volume,  and 
fuming  to  dehydrate  silica.  The  dehydrated  silica  is  filtered 
off  and  ignited,  and  the  amount  determined  by  hydrofluoriza- 
tion.  This  process  is  time-consuming  and  necessitates  several 
operations,  thereby  increasing  the  possibility  of  operative 
errors. 

Table  I  presents  data  from  a  series  of  analyses  of  portland 
cements  in  which  the  silica  remaining  with  the  iron  and 
aluminum  oxides  was  determined  as  described  above.  De¬ 
hydration  of  silica  was  accomplished  by  double  evaporations 
with  hydrochloric  acid  ( 1 ),  and  by  the  perchloric  acid  (4,  5) 
and  ammonium  chloride  (8)  methods. 

Using  a  0.5000-gram  sample  for  analysis,  the  per  cent  of 
silica  found  by  the  usual  method  (1)  would  be  too  low  by  two- 
tenths  times  the  weight  in  milligrams  of  that  remaining  in  the 
R2O3;  the  value  for  R203  would  be  correspondingly  too  high. 


Table  I. 

Residual  R203 

and  Residual  Silica 

Double  Dehydration 

Perchloric  Acid 

Ammonium  Chloride 

K2O3 

SiO* 

R2O3 

SiC2 

R2O3 

SiOs 

Sample 

in 

in 

in 

in 

in 

in 

No. 

SiOj 

R2O3 

Si02 

R2O3 

Si(>2 

R2O3 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

1.8 

1.6 

1.1 

1.5 

0.9 

1.3 

0.7 

1.3 

2 

0.5 

1.4 

0.5 

1.6 

0.5 

1.2 

0.6 

1.4 

3 

1.3 

1.9 

0.6 

1.6 

1.0 

0.6 

0.4 

1.2 

4 

0.8 

1.3 

1.8 

0.6 

1.8 

1.9 

1.2 

1.9 

5 

2.2 

1.7 

1.7 

1.2 

1.3 

2.0 

2.3 

1.8 

1.8 

1.6 

1.3 

1.9 

6 

1.3 

0.9 

2.6 

0.5 

1.0 

1.7 

1.5 

0.9 

2.2 

1.3 

0.8 

1.8 

7 

1.0 

1.0 

0.5 

1.8 

0.7 

2. 1 

1.0 

1.0 

0.6 

1.3 

0.5 

2. 1 

Direct  Hydrofluorization  of  Residual  Silica 

The  residual  silica  in  the  R203  may  be  hydrofluorized  di¬ 
rectly  with  accuracy  and  relative  ease  of  manipulation. 
Treatment  of  the  ignited  R203  with  6  drops  of  sulfuric  acid 
(1  to  1)  and  about  5  ml.  of  hydrofluoric  acid,  followed  by 
evaporation  below  boiling,  serves  to  remove  any  silica.  The 
crucible  is  then  ignited  to  constant  weight  at  1050°  to  1100°  C. 

1  Present  address,  Louisiana  Polytechnic  Institute,  Ruston.  La. 


The  weight  of  silica  removed  is  subtracted  from  the  total  R202 
and  added  to  the  weight  of  silica  previously  hydrofluorized. 

Care  must  be  exercised  to  prevent  loss  of  elements  other 
than  silicon  as  fluorides  during  the  evaporation  process.  In 
the  presence  of  excess  sulfuric  acid  and  if  the  solution  is 
evaporated  below  boiling,  it  appears  that  no  such  loss  of  any 
consequence  occurs.  To  test  this  point,  ignited  residues 
containing  only  iron  and  aluminum  oxides  were  treated  with 
the  hydrofluoric-sulfuric  acid  mixture,  evaporated  to  dry¬ 
ness,  ignited,  and  weighed.  The  results  are  given  in  Table  II. 


Table  II.  Treatment  of  R203  with  Hydrofluoric-Sulfuric 
Acid  Solution 

Crucible  No. 

12  3 

4 

5 

Weight  of  crucible  and 
ignited  residue 

11.6470  12.1517  12.0800 

12.0491 

12.0437 

Weight  after  treatment 
with  acids 

11.6469  12.1517  12.0799 

12.0492 

12.0438 

Combination  Method  for  Silica  and  R203 

For  rapid  results  of  a  fair  degree  of  accuracy  the  filter  papers 
containing  the  silica  and  R203 .  xH20  precipitates  may  be  placed 
in  a  tared  platinum  crucible,  dried,  ignited  at  1150°  to  1200°  C., 
and  weighed.  The  combined  oxides  are  then  treated  with 
6  drops  of  sulfuric  acid  (1  to  1)  and  7  or  8  ml.  of  hydrofluoric  acid. 
The  solution  is  evaporated  below  boiling  and  the  crucible  and  its 
contents  are  ignited  to  constant  weight  at  1150°  to  1200°  C. 
The  loss  in  weight  represents  total  silica  and  the  residue  is  total 
R2O3. 

Dehydration  of  Silica 

In  either  of  the  methods  described  any  recognized  pro¬ 
cedure  for  dehydrating  silica  may  be  used.  The  ammonium 
chloride  method  developed  by  Maczkowske  (3)  at  the  Na¬ 
tional  Bureau  of  Standards,  with  some  slight  modifications, 
was  used  in  this  work.  In  this  laboratory  cleaner  silica 
precipitates  have  been  obtained  by  dehydrating  on  an  as¬ 
bestos  pad  on  a  hot  plate  and  by  washing  the  silica  on  the 
filter  three  times  with  hydrochloric  acid  (1  to  1),  alternating 
with  hot  water.  Hot  water  is  finally  used  to  finish  the  wash¬ 
ing.  Maczkowske’s  original  recommendations  were  to  dehy¬ 
drate  on  a  water  bath  and  to  wash  the  silica  on  the  filter  with 
hot  water  only. 

Precipitation  of  R203  with  Bromothymol  Blue 
as  Indicator 

An  aqueous  solution  of  the  sodium  salt  of  dibromothymolsul- 
fonphthalein  may  be  used  to  advantage  in  precipitating  R203 .  x- 
H20.  To  prepare  the  indicator  solution,  100  mg.  of  the  dry 
commercial  material  are  ground  in  an  agate  mortar  with  1.6  ml. 
of  0.1  N  sodium  hydroxide  and  then  diluted  with  water  to  100 
ml.  Six  or  seven  drops  of  indicator  per  100  ml.  of  solution  are 
sufficient. 

The  precipitation  is  made  by  heating  the  filtrate  from  the 
silica,  to  which  indicator  has  been  added,  to  about  90°  C.  and 
adding  concentrated  ammonium  hydroxide  dropwise  with  con¬ 
stant  stirring  until  the  color  becomes  blue-green.  The  solution 
is  then  boiled  until  it  becomes  pure  green  (may  appear  yellow- 
green  in  the  presence  of  a  large  amount  of  iron),  when  it  is  re¬ 
moved  from  the  heat,  allowed  to  stand  until  the  precipitate  settles, 
and  filtered.  Washing  and  reprecipitation  may  be  carried  out 
as  in  the  usual  procedure. 
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Table 

III.  Comparison  of 

Methods 

for  Determination 

of  Silica  and  R203 

in  Portland  Cement 

NH,C1, 

NHiCl, 

Residual 

SiOs 

Double 

SiC2 

Volatilized 

Dehydration, 

HClOo 

Volatilized 

from 

Deter- 

KiSiOr 

K2S2O7 

from 

Combined 

No. 

mination 

Fusion 

Fusion 

R20> 

Si02  +  R2O3 

i 

SiOi 

20.50 

20.52 

20.48 

20.56 

20.54 

20 . 58 

RsO, 

8.16 

8.20 

8.16 

8.02 

8.06 

8.12 

2 

SiOj 

22.14 

22.12 

22.10 

22.20 

22.20 

22.22 

R2O3 

7.86 

7.82 

7.72 

7.68 

7.68 

7.58 

3 

SiOi 

19.86 

19.78 

19.76 

20.10 

19.82 

20.10 

R:03 

8.52 

8.84 

8.68 

8.50 

8.70 

8.62 

4 

SiOi 

21.06 

20.94 

20.96 

21.02 

21.08 

21.06 

R2O1 

8.62 

8.72 

8.66 

8.62 

8.58 

8.54 

5 

SiOi 

20.78 

20.80 

20.88 

20.90 

20.74 

20.86 

20.88 

20.86 

R2O3 

8.70 

8.62 

8.64 

8.46 

8.74 

8.58 

8.57 

8.64 

6 

Si02 

19.46 

19.36 

19.64 

19.66 

19.48 

19.32 

19.66 

19.72 

R2O3 

9.56 

9.58 

9.36 

9.36 

9.52 

9.48 

9.34 

9.28 

7 

SiOi 

21.62 

21.42 

21.74 

21.68 

21.82 

21.50 

21.86 

21.72 

Rio. 

7.86 

7.66 

7.76 

7.84 

7.86 

7.68 

7.76 

7.82 

This  indicator  is  chosen  because  its  color  change  is  distinct 
and  covers  the  pH  range  (6.0  to  7.6)  in  which  the  isoelectric 
point  of  hydrous  aluminum  oxide  occurs  ( 2 ) . 

Several  tests  have  indicated  that  no  manganese  is  pre¬ 
cipitated  with  the  R203.zH20  by  this  method. 

Table  III  presents  a  comparison  of  values  for  silica  and 
R203  in  commercial  cements  obtained  by  the  methods  de¬ 


scribed  above,  with  those  obtained  by  double  dehydration  of 
silica  with  hydrochloric  acid  followed  by  fusion  of  R2O3  with 
pyrosulfate  to  recover  the  residual  silica;  also  with  values 
obtained  by  dehydration  with  perchloric  acid  followed  by  py¬ 
rosulfate  fusion  of  the  R2O3. 

Summary 

From  this  work  it  appears  that  in  the  analysis  of  portland 
cement  and  cement  clinker,  the  silica  remaining  with  the 
ignited  R2O3  may,  under  carefully  controlled  conditions,  be 
determined  by  direct  hydrofluorization. 

A  rapid  method,  in  which  the  silica  and  R2O3.XH2O  pre¬ 
cipitates  are  combined,  has  been  tested.  Fairly  accurate  val¬ 
ues  may  be  obtained,  although  there  is  some  evidence  that 
the  value  for  silica  may  tend  to  be  slightly  high.  This  may 
be  due  to  loss,  as  fluorides,  of  a  small  amount  of  titanium  or 
other  elements  ordinarily  counted  in  the  R2O3. 

The  use  of  bromothymol  blue  in  precipitating  the  hydrous 
oxides  of  iron  and  aluminum  has  been  tested  and  found  to  give 
excellent  results. 
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Toximetric  Method  for  Oil-Soluble  Wood 

Preservatives 

ERNEST  E.  HUBERT,  Western  Pine  Association,  Portland,  Ore. 


The  method  described  in  this  article  is  a  correla¬ 
tion  of  the  ideas  and  laboratory  technique  devel¬ 
oped  by  the  following  members  of  the  Preservative 
Standards  Advisory  Committee  of  the  National 
Door  Manufacturers  Association  and  was  prepared 
for  publication  by  the  chairman:  S.  O.  Hall, 
National  Door  Manufacturers  Association;  Geo.  M. 
Hunt,  Roy  H.  Baechler,  C.  Audrey  Richards,  and 
Theo.  C.  Scheffer,  Forest  Products  Laboratory;  Ira 
Hatfield,  Monsanto  Chemical  Co.;  Dale  Chapman, 

A.  D.  Chapman  and  Co.,  Inc.;  Gardner  Garlick 
and  William  Bradley,  Protection  Products  Manu¬ 
facturing  Co. ;  J.  B.  Mellecker,  Curtis  Companies, 
Inc.;  D.  K.  Ballman.  Dow  Chemical  Co.;  F.  H. 
Kaufert,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.; 

J.  O.  Frank,  Morgan  Co.;  Henry  Schmitz,  Uni¬ 
versity  of  Minnesota;  and  Ernest  E.  Hubert, 
Western  Pine  Association,  chairman. 

DURING  the  past  few  years  interest  in  treating  millwork 
products  with  oil-carried  toxic  chemicals  (1-6)  has  de¬ 
veloped  steadily,  and  as  a  result  of  the  rapid  and  extensive 
adoption  of  this  type  of  wood  preservative  by  millwork  fac¬ 


tories  there  has  arisen  the  need  for  a  laboratory  test  method 
whereby  the  numerous  proprietary  slash  preservatives  could 
be  evaluated  for  their  toxic  properties.  The  launching,  by 
the  National  Door  Manufacturers  Association  in  1938,  of 
the  “Seal  of  Approval”  program  (4)  which  has  as  its  objec¬ 
tive  the  standardization  of  all  preservative  treatment  opera¬ 
tions  and  preservatives  in  licensed  mills,  has  also  been  a 
prime  factor  in  the  development  of  a  standard  toximetric 
laboratory  testing  method.  The  main  purpose  of  this  pro¬ 
gram  is  “to  provide  for  the  identification  of  windows,  frames, 
and  other  architectural  wood  products  which  have  been  pre¬ 
servative-treated  in  accordance  with  minimum  standards  of 
excellence  as  a  protection  to  the  consumers  and  distributors 
of  such  products”.  The  program  also  provides  for  the  use  by 
millwork  manufacturers  of  an  identification  mark,  the  “Seal 
of  Approval”,  to  be  branded  into  the  treated  products  as  a 
means  of  maintaining  the  high  standards  of  preservative 
treatment. 

The  preservative  minimum  standards  of  the  N.  D.  M.  A. 
establish  the  minimum  qualities  of  the  toxic  chemical,  such 
as  toxicity  and  permanence  in  wood;  and  of  the  treating 
solution,  such  as  concentration  of  toxicant,  flash  point, 
volatility,  and  leachability.  Penetration  and  absorption  of 
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the  treating  solution  are  specified,  as  well  as  the  minimum 
period  of  submersion  of  the  wood  during  treatment. 

Preservative  solutions  and  toxicants  new  to  millwork  use 
must  meet  the  N.  D.  M.  A.  minimum  standards  before  they 
can  be  used  under  the  Seal  of  Approval  program,  and  final 
approval  or  disapproval  of  treating  solutions  rests  with  the 
N.  D.  M.  A.  Preservative  Standards  Committee,  which 
accepts  the  technical  decisions  on  the  effectiveness  of  such 
solutions  and  toxicants  from  the  Advisory  Committee. 

The  need,  therefore,  for  a  standardized  laboratory  method 
of  testing  these  preservatives  is  evident,  and  the  approved 
method  has  made  it  possible  for  technical  workers  engaged  in 
the  study  of  toxicants  and  treating  solutions  to  compare, 
within  reasonable  limits,  the  results  of  each  others’  tests  and 
thus  reach  a  mutual  decision  regarding  the  effectiveness  of 
any  individual  toxicant  or  treating  solution.  During  1937 
and  1938  a  number  of  organizations  were  engaged  in  testing 
the  toxic  properties  of  oil-carried  preservatives,  and  since  each 
worker  developed  individual  laboratory  methods  of  testing  it 
was  impossible  to  compare  the  results  obtained  by  the  differ¬ 
ent  ones.  In  May,  1938,  Stanley  0.  Hall,  secretary-manager 
of  the  National  Door  Manufacturers  Association,  called  a 
meeting  of  all  technical  workers  engaged  in  the  study  of  mill- 
work  preservatives.  This  meeting  was  held  at  Madison,  Wis., 
on  May  19  and  20,  to  discuss  the  problem  and  to  attempt  the 
establishment  of  an  approved  laboratory  test  method.  The 
group  present  at  this  meeting  was  organized  into  the  Preserva¬ 
tive  Standards  Advisory  Committee  and  approved  a  tentative 
method  of  testing  oil-soluble  wood  preservatives,  using  wood 
blocks  uniformly  impregnated. 

During  the  ensuing  year  the  method  was  used  extensively 
and  proved  very  satisfactory,  as  indicated  by  the  fact  that 
but  few  minor  changes  were  recommended  in  1939  by  the 
members  of  the  committee.  At  the  1938  meeting  tentative 
suggestions  for  a  method  of  testing  the  permanence  of  toxi¬ 
cants  in  wood — i.  e.,  resistance  to  leaching  in  water  and  to 
volatilization — were  introduced  with  the  purpose  of  giving 
the  method  a  trial  and  reporting  results  at  the  next  annual 
meeting  of  the  committee. 

The  second  meeting  of  the  Advisory  Committee,  held  at 
Madison,  Wis.,  on  May  16  and  17,  approved  for  publication 
(May  16,  1939)  the  N.  D.  M.  A.  standard  method  of  testing 
the  toxicity  of  oil-soluble  materials  against  fungi  as  here 
presented.  Also  included  is  the  tentative  method  of  testing 
the  permanency  of  the  toxicants  in  wood  as  adopted  in  1939. 
The  method  is  believed  to  give  reliable  results  for  comparing 
the  effectiveness  of  oil-soluble  toxicants  in  wood,  and  the 
following  allowances  for  experimental  error  should  be  made 
for  losses  in  weight  of  treated  testblocks  until  sufficient  data 
accumulate  to  warrant  a  change:  (a)  a  4  per  cent  maximum 
loss  in  weight  in  any  single  treated  test  block,  and  (6)  a  1  per 
cent  average  loss  in  weight  for  all  treated  test  blocks  in  a  test 
run.  It  was  generally  agreed  that  as  a  preliminary  measure  of 
the  resistance  to  volatilization  of  any  toxicant,  the  vapor 
pressure  data  at  100°  C.  should  be  used  as  a  guide. 

Testing  Materials 

1.  Selection  of  Material  and  Test  Rlocks.  The  wood 
used  for  the  preparation  of  test  blocks  shall  be  average  density 
kiln-dried  Ponderosa  pine  sapwood.  It  shall  be  straight-grained 
and  free  of  blemishes  and  defects.  Blocks  0.25  inch  (0.64  cm.) 
thick  (longitudinal  direction)  shall  be  cut  from  surfaced  pieces 
of  wood  measuring  1.375  inches  (3.5  cm.)  on  the  radial  surface 
and  2  inches  (5.09  cm.)  on  the  tangential  surface.  The  surfaces 
of  the  blocks  shall  be  smooth,  parallel,  and  free  of  slivers  and  dust 
and  each  test  piece  shall  be  numbered. 

For  each  test,  ten  blocks  shall  be  treated  and  exposed  to  each 
fungus  used,  and  four  similarly  treated  reference  blocks  shall  be 
placed  over  uninoculated  agar.  To  serve  as  controls,  ten  un¬ 
treated  sterilized  blocks  shall  be  exposed  to  each  fungus  used  and 


four  untreated  blocks  (reference  blocks  for  the  controls)  shall  be 
oven-dried  in  order  to  give  data  for  use  in  calculating  the  oven- 
dried  weight  of  the  untreated  blocks. 

2.  Conditioning  of  Test  Blocks.  Condition  all  blocks  on 
glass  rods  to  a  moisture  content  of  12.4  ±  0.5  per  cent  by  ex¬ 
posure  for  20  days  to  a  saturated  solution  of  sodium  bromide 
(NaBr.2H20)  at  26°  to  28°  C.  (An  accurately  controlled 
humidity  chamber  may  be  substituted.) 

3.  Weighing.  Weigh  the  test  blocks  accurately  to  two 
decimal  places  in  the  humidity  room  or  from  a  desiccator  con¬ 
taining  a  saturated  sodium  bromide  solution  to  maintain  the 
moisture  content  desired  when  handling  the  blocks  for  weighing. 
Record  original  weight  as  O. 

4.  Volume  of  Test  Blocks.  Measure  the  first  and  sixth 
test  block  in  each  set  of  10  with  an  accurate  millimeter  scale, 
recording  length  and  width  to  the  second  decimal  place.  Measure 
the  block  at  the  middle  of  each  of  the  four  sides  with  a  micrometer 
to  determine  the  thickness.  Compute  volume  and  record  as  V. 

5.  Culture  Material.  Kolle  flasks  or  other  suitable  glass 
containers  shall  be  used.  Make  up  the  nutrient  agar  for  the 
growth  of  the  test  fungi  as  follows: 

Grams 

Difco  bacto  agar  15 

Trommer’s  plain  diastasic  malt  extract  25 

Distilled  water  1000 

After  dissolving,  pour  into  each  container  sufficient  agar  to  sup¬ 
port  vigorous  growth  for  the  duration  of  the  test,  stopper,  and 
sterilize,  autoclaving  for  20  minutes  at  15  pounds’  pressure. 
Inoculate  each  flask  by  placing  at  the  center  of  the  medium 
surface  an  inoculum  block  about  1  cm.  square  with  the  mycelium 
side  upward.  The  pure  culture  of  the  test  fungus  shall  not  be 
older  than  14  days  and  shall  be  grown  at  26°  to  28°  C. 

6.  Test  Fungi.  Test  fungi  of  approved  strains  obtained 
from  the  Forest  Products  Laboratory  shall  be  used.  The  test 
fungus  for  decay  shall  be  F.  P.  L.  No.  617  Lenzites  trabea  and  for 
the  staining  of  wood,  F.  P.  L.  No.  595  Hormiscium  gelatinosum. 

The  inoculated  containers  shall  be  incubated  at  26°  to  28°  C. 
for  a  period  of  21  days,  after  which  the  test  blocks  shall  be 
placed  in  them. 

Testing  Methods 

7.  Preparation  of  Preservative.  Preservative  shall  be 
tested  in  the  dilution  and  type  of  solvent  recommended  by  the 
manufacturers  in  half-strength  solution  obtained  by  diluting  with 
an  equal  volume  of  Stoddard  solvent  naphtha. 

8.  Impregnation  of  Test  Blocks.  Place  all  14  blocks  to  be 
treated  in  a  2-liter,  heavy-walled  filter  flask  and  weight  them  down 
with  glass  marbles.  Fit  a  1-liter  separatory  funnel  into  the  rub¬ 
ber  stopper,  connect  the  flask  with  a  manometer  and  the  vacuum 
line,  and  exhaust  the  flask  to  a  pressure  of  125  =*=  2  mm.  of  mer¬ 
cury,  for  a  period  of  30  minutes.  At  a  temperature  of  about  25°  C. 
place  enough  treating  solution  in  the  separatory  funnel  to 
cover  the  blocks  later. 

Cut  off  the  vacuum  and  introduce  the  treating  solution  without 
admitting  air.  Shake  the  flask  to  remove  air  bubbles  from  the 
blocks.  Allow  the  solution  to  stand  for  15  minutes,  then  break 
the  vacuum. 

After  5  minutes  remove  treated  blocks,  blot  off  excess  liquid, 
and  keep  the  blocks  until  weighed  in  a  desiccator  over  the  treat¬ 
ing  solution  used.  Weigh  the  blocks  soon  after  treating  and 
record  weight  as  T. 

9.  Reconditioning.  Place  the  treated  blocks  on  glass  rods, 
dry  them  13  days  in  the  laboratory  air,  and  then  recondition  them 
for  7  days  under  conditions  specified  in  Item  2.  Reweigh  the 
blocks  after  the  20-day  period  and  record  weights  of  the  test 
and  reference  blocks  as  W  and  G,  respectively  (see  Item  2). 

10.  Incubation.  Place  10  similarly  treated  test  blocks  in  the 
containers  on  two  glass  rods  0.125  inch  (0.32  cm.)  in  diameter, 
resting  on  the  surface  of  the  fungus  mat.  Similarly  place  ten 
steam-sterilized  (10  minutes  at  100°  C.)  untreated  test  blocks 
after  conditioning  as  indicated  in  Item  2,  in  other  containers. 
Place  4  treated  reference  blocks  on  rods  over  uninoculated  agar. 
Omit  glass  rods  when  using  stain  fungus.  Incubate  at  26°  to 
28°  C.  for  63  days. 

11.  End  of  Test.  At  the  end  of  the  63-day  incubation  period 
remove  the  treated  and  untreated  test  blocks,  scrape  clean  of 
mycelium,  oven-dry,  weigh,  and  record  weight  as  F.  Oven-dry 
the  reference  blocks  and  record  as  R.  Controls  should  show  at 
least  25  per  cent  loss  in  weight  due  to  decay.  Since  the  staining 
test  fungi  may  show  little  or  no  loss  in  weight  for  the  test  blocks, 
the  blocks  at  the  end  of  the  test  need  not  be  weighed  but  shall  be 
evaluated  as  either  clear  or  stained. 
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12.  Computations. 

Volume  of  test  blocks  =  V 
T  —  0  =  A,  grams  of  treating  solution  in  test  block 
4 

—  =  B,  absorption  in  grams  per  cu.  cm. 

B  X  62.44  =  C,  absorption  in  pounds  per  cu.  foot. 


^  ^  %  — - =  D,  absorption  of  toxicant  in  pounds  per 

100  cu.  foot. 

weight  of  reconditioned  treated  blocks  and  conditioned 
blocks  in  case  of  controls  (Item  9) 

Oven-dry  weight  of  treated  reference  blocks  at  end  of 
test,  and  of  untreated  reference  blocks  after  steriliza¬ 
tion 

weight  of  reconditioned  treated  reference  blocks,  and 
of  conditioned  untreated  reference  blocks  in  case  of 
controls 


W  = 
R  = 


G  = 


— -  =  Z,  computed  oven-dry  weight  of  test  blocks  before 
k  incubation 

F  =  oven-dry  weight  of  blocks  after  incubation 
— - F  ^  100  =  E,  %  of  loss  in  weight  due  to  decay 


Volatility 

Resistance  to  Volatilization.  Follow  the  method  given 
above,  with  the  following  exceptions: 

13.  Use  full-strength  5  per  cent  concentration  of  the  toxicant 
m  the  preservative.  Continue  as  in  Item  8. 

■  14.  Reconditioning.  Place  the  treated  blocks  on  glass  rods, 
iry  them  for  13  days  in  the  laboratory  air,  then  recondition  for 
7  days  under  conditions  specified  in  Item  2.  Weigh  and  record 
weight  as  W. 

,  15.  Exposure  to  Heat.  Expose  the  test  blocks  to  a  tempera¬ 
ture  of  71.1°  C.  (160°  F.)  for  24  hours.  [Use  a  triple-walled  oven 
with  an  air  capacity  of  2.7  cu.  feet  (0.076  cu.  meter),  one  0.875- 
nch  (2.23-cm.)  air  vent  at  top,  and  no  artificial  circulation.] 
Remove  the  blocks  and  recondition  them  for  3  days  under  condi¬ 
tions  specified  in  Item  2.  Remove  reference  blocks,  oven-dry, 
xnd  weigh.  Record  weight  as  R.  Compute  oven-dry  weights  of 
test  blocks  and  record  as  Z.  Remove  half  of  the  test  blocks 
md  incubate  as  in  Items  10  and  11.  The  remaining  blocks  are 
to  be  run  through  the  leaching  test. 

16.  Computations.  As  in  Item  12. 


Leaching 

Resistance  to  Leaching  by  Water.  Follow  the  method 
given  above,  with  the  following  exceptions: 

17.  Leaching.  Using  the  blocks  which  were  exposed  to  the 
Volatilization  test  (Item  15),  place  14  treated  and  14  untreated 
blocks  (held  down  with  glass  marbles)  in  separate  Erlenmever 
flasks,  draw  a  vacuum  for  15  minutes,  then  break  vacuum  with 
500  cc.  of  distilled  water.  Place  the  flasks  in  the  incubator  at 
26°  to  28°  C.  Using  a  siphon,  change  the  water  every  hour  for 
7  hours  the  first  and  second  working  days,  and  every  day  for  the 
remaining  3  days.  Decant  the  water  at  the  end  of  each  day, 
leaving  the  blocks  in  the  stoppered  flask  for  the  16-hour  period. 
At  the  end  of  5  days,  remove  the  blocks  and  recondition  them 
by  drying  for  4  days  in  the  air  of  the  laboratory,  then  for  7  days 
under  conditioning  as  in  Item  2.  Remove  reference  blocks,  oven- 
dry,  and  weigh.  Record  weight  as  R.  Compute  oven-drv  weight 
of  test  blocks  and  record  as  Z.  Incubate  as  in  Items  10  and  11. 

18.  Computations.  As  in  Item  12. 

19.  Put  the  10  untreated  controls  plus  the  4  untreated  cor¬ 
rection  blocks  (see  Item  2)  in  every  set  through  the  following 
steps:  Items  1,  2,  3,  10  (sterilize  all  14  blocks,  incubate  the 
10  control  blocks,  and  oven-dry  the  4  reference  blocks),  11  and 
12.  Consider  Items  14,  15,  and  17  for  volatility  and  leaching 
tests. 


Neither  the  approved  N.  D.  M.  A.  test  method  for  de¬ 
termining  toxicity  of  oil-soluble  chemicals  in  wood  nor  the 
tentative  methods  appended  thereto  are  presented  as  perfect. 
They  are  simply  submitted  as  the  method  adopted  in  1939 
by  the  Advisory  Committee.  Improvements  of  these  meth- 
xls  or  the  development  of  new  methods  which  promise  better 
results  will  be  considered  from  time  to  time  and  the  necessary 
revisions  will  be  made  as  the  committee  approves  them. 

In  the  selection  of  sapwood  of  Ponderosa  pine  for  test  ma¬ 
terial  and  to  be  certain  that  heartwood  is  not  included,  an 
indicator  solution  described  by  Koch  and  Krieg  (7)  was 
found  very  effective. 


A  solution  of  5  grams  of  benzidine  in  25  grams  of  hydrochloric 
acid  and  970  grams  of  water  is  prepared.  A  second  solution  con¬ 
sists  of  a  10  per  cent  concentration  of  sodium  nitrite.  Equal 
amounts  of  the  two  solutions  are  poured  together  and  then  ap¬ 
plied  to  the  wood  surface  by  means  of  a  brush  or  by  dipping. 
The  sapwood  immediately  shows  a  yellowish  color,  while  the 
heartwood  is  dark  red-brown.  The  colors  remain  distinct  after 
drying  and  the  method  is  effective  on  various  species  of  pine 
woods. 
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A  Weighing  Bottle 

W.  A.  TAEBEL 

Noyes  Chemical  Laboratory,  University  of  Illinois, 
Urbana,  Ill. 

IT  IS  rather  difficult  to  transfer  finely  divided  or  fluffy  ma¬ 
terial  from  an  ordinary  weighing  bottle  directly  to  a  volu¬ 
metric  flask  without  losing  some  of  the  substance.  The 
weighing  bottle  here  described  offers  an  advantage  over  the 
common  bottle,  in  that  liquids  and  solids  may  be  transferred 
directly  without  danger  of  loss  of  material.  This  may  be  ac¬ 
complished  by  placing  the  bottle  over  the  neck  of  the  flask, 
removing  the  cap  and  the  stopper  of  the  weighing  bottle,  and 
washing  the  contents  into  the  flask.  The  outside  of  the  funnel 
stem  may  be  rinsed  by  directing  a  stream  of  water  through  the 
aperture  shown  in  the  diagram. 


Essentially,  the  weighing  bottle  consists  of  a  glass  tube  into 
which  a  funnel  has  been  sealed.  The  stem  of  the  funnel  is 
fitted  with  an  offset  ground-glass  stopper.  The  bottle  may  be 
made  in  any  size  desired,  but  the  stopper  would  interfere  in 
bottles  less  than  18  mm.  in  diameter.  The  base  of  the  bottle 
is  flanged  in  order  to  secure  stability.  A  ground-glass  cap  is 
used  to  close  the  bottle.  The  unit,  except  for  the  cap,  may  be 
made  by  anyone  who  has  had  some  experience  in  glass  blow¬ 
ing.  The  cap  may  be  taken  from  an  ordinary  bottle  or  from 
the  supply  which  usually  accumulates  owing  to  cracked  or 
broken  bottles. 


Determination  of  Starch  in  Plants 

W.  Z.  HASSID,  R.  M.  McCREADY,  AND  R.  S.  ROSENFELS 
Division  of  Plant  Nutrition,  University  of  California,  Berkeley,  Calif. 


THE  methods  of  Denny  (1),  Sullivan  ( 6 ),  and  Pucher  and 
Vickery  (5)  for  determination  of  starch  based  on  pre¬ 
liminary  extraction  with  calcium  chloride,  although  highly 
selective  for  true  starch,  are  laborious.  The  procedure  de¬ 
scribed  by  Hanes  (S)  is  relatively  simple,  strictly  specific 
for  starch,  and  satisfactory  for  such  plant  tissues  as  apple 
fruit.  However,  since  in  this  method  the  aqueous  plant  ex¬ 
tract  used  for  the  starch  determination  is  not  clarified,  the 
procedure  was  found  unsatisfactory  for  many  plant  materi¬ 
als,  especially  leaves,  because  of  the  presence  of  considerable 
amounts  of  noncarbohydrate  reducing  substances.  The  re¬ 
ducing  values  for  blank  determinations  (samples  of  aqueous 
extracts  containing  starch  treated  with  inactivated  amylase) 
for  such  materials  were  therefore  high,  and  in  some  cases 
several  times  greater  than  the  reducing  values  due  to  the 
hydrolyzed  starch. 

In  the  present  method  the  hydrolysis  of  starch  was  carried 
out  with  salivary  amylase.  The  noncarbohydrate  reducing 
substances  were  removed  by  clarifying  the  hydrolyzed  solu¬ 
tion  writh  neutral  lead  acetate  and  the  clarified  solution  was 
deleaded  with  disodium  phosphate.  The  hydrolysis  with 
salivary  amylase  had  the  advantage  over  the  barley  /3-malt 
amylase  used  by  Hanes  of  considerably  shortening  the  time  of 
the  procedure.  The  degradation  of  starch  proceeded  within  2 
hours  at  37°  to  40°  C.  to  a  definite  “hydrolysis  limit”  of 
0.890  mg.  of  maltose  per  1  mg.  of  anhydrous  starch  used. 
Hanes’s  method,  using  /3-malt  amylase,  requires  42  hours  at 
room  temperature  to  reach  a  hydrolysis  limit  of  0.600  mg.  of 
maltose  per  1  mg.  of  starch.  The  limiting  hydrolysis  value  of 
0.890  was  remarkably  constant  when  starches  from  different 
sources  (canna,  potato,  wheat,  corn,  rice,  and  whitetop  root) 
and  of  different  concentrations  were  hydrolyzed  with  salivary 
amylase  under  controlled  conditions.  The  reducing  product 
of  the  action  of  this  amylase  was  found  to  consist  almost  en¬ 
tirely  of  maltose.  This  wras  shown  by  the  pure  maltose 
phenylosazone  prepared  from  the  hydrolyzed  solution  after 
it  had  been  treated  with  alcohol  to  precipitate  the  small 
amount  of  dextrins.  The  specific  rotation  of  this  solution 
also  corresponded  to  pure  maltose.  The  reducing  value  due 
to  the  precipitated  dextrins  was  less  than  1  per  cent  of  the 
maltose. 

The  procedure  used  by  Hanes  of  “solubilizing”  the  starch 
by  boiling  with  95  per  cent  ethyl  alcohol  containing  1/100  vol¬ 
ume  of  concentrated  hydrochloric  acid  was  adopted  in  the 
present  method.  This  step  is  of  distinct  advantage  because 
the  treatment  with  dilute  alcoholic  hydrochloric  acid  converts 
starch  into  a  highly  soluble  form,  without  producing  any 
appreciable  reducing  products  and  also  facilitates  the  rapid 
action  of  amylase  on  starch.  The  treatment  with  the  dilute 
alcoholic  hydrochloric  acid  was  also  found  to  remove  all  the 
soluble  sugars  from  the  plant  tissue.  Preliminary  extraction 
with  80  per  cent  alcohol  can  therefore  be  avoided  when  the 
determination  of  sugars  is  not  required. 

The  grinding  of  the  samples  in  a  ball  mill  to  a  very  fine 
powder  for  starch  analysis,  as  emphasized  by  workers  using 
other  methods,  is  not  necessary  in  this  procedure.  Grinding 
to  50-  or  60-mesh  was  found  to  be  sufficient  when  the  subse¬ 
quent  solubilizing  treatment  with  dilute  alcoholic  hydrochloric 
acid  was  applied.  The  starch  could  then  be  removed  quanti¬ 
tatively  by  extraction  with  hot  water.  The  residue  left  after 
extraction  gave  a  negative  test  for  starch  with  iodine.  The 
maltose  produced  from  the  hydrolyzed  starch  was  determined 


by  oxidation  with  alkaline  ferricyanide  and  titrated  with 
ceric  sulfate  in  acid  solution  (4).  The  reducing  value  of  pure 
maltose  was  determined  by  this  method.  The  value  of  Gir- 
agossintz,  Davidson,  and  Kirk  (£)  for  maltose  equivalent  to 
that  of  80  per  cent  of  glucose  was  confirmed  in  this  laboratory. 
Whereas  3  cc.  of  0.01  M  ceric  sulfate  solution  are  equivalent 
to  1  mg.  of  glucose,  2.4  cc.  of  this  standard  solution  are  re¬ 
quired  for  the  titration  of  1  mg.  of  maltose. 

Reagents 

Ethyl  alcohol,  80  per  cent:  840  cc.  of  95  per  cent  alcohol  diluted 
to  1  liter. 

Buffer,  pH  5.6:  a  mixture  of  905  cc.  0.2  N  sodium  acetate  and 
95  cc.  of  0.2  N  acetic  acid. 

Saliva.  Saliva  is  obtained  by  chewing  paraffin;  it  is  diluted 
with  an  equal  amount  of  water  and  filtered  through  a  small 
Buchner  funnel  containing  a  layer  of  talc  on  a  filter  paper.  The 
filter  is  prepared  by  shaking  talc  powder  with  water  until  a  uni¬ 
form  suspension  results.  The  suspension  is  poured  through  the 
Buchner  funnel  supplied  with  a  wet  filter  paper  using  slight  suc¬ 
tion.  The  uniformly  thin  layer  of  talc  is  sucked  free  of  liquid, 
washed  with  water,  and  sucked  free  of  liquid  again.  The  diluted 
saliva  is  filtered  through  the  dry  filter,  applying  suction.  When 
kept  under  toluene  in  the  ice  box  this  saliva  retains  its  activity  for 
at  least  2  weeks. 

Alkaline  potassium  ferricyanide,  0.01  M  ceric  sulfate,  and 
Setopaline  C  indicator  are  prepared  as  described  by  Hassid  (/). 

Sulfuric  acid,  5  N:  139  cc.  of  concentrated  sulfuric  acid  diluted 
to  1  liter. 

Procedure 

The  green  plant  material  was  rapidly  dried  in  a  vacuum  oven 
at  90°  C.  A  ventilated  oven,  provided  with  a  fan  to  circulate 
the  air  over  the  tissue  at  70°  to  80°  C.,  can  also  be  used  for  this 
purpose.  The  dried  material  was  ground  to  pass  a  50-mesh  sieve. 
One-half  to  3  grams  of  the  dry,  ground  material  were  weighed 
into  a  300-cc.  Erlenmeyer  flask,  200  cc.  of  95  per  cent  ethyl  alco¬ 
hol  were  added,  and  the  suspension  was  boded  on  a  hot  plate 
under  a  reflux  condenser  for  20  minutes.  (In  case  the  determina¬ 
tion  of  soluble  sugars  is  required  on  the  same  samples,  the 
ground  material  should  be  extracted  with  80  per  cent  alcohol  in 
Soxhlet  extractors  for  at  least  6  hours,  and  the  double  solubilization 
and  subsequent  procedure  then  applied.) 

The  starch  was  solubdized  by  adding  2  cc.  of  concentrated 
hydrochloric  acid  to  the  boding  mixture  through  the  top  of  the 
condenser  and  continuing  the  boiling  for  15  minutes.  The  hot 
mixture  was  filtered  with  suction  through  a  Buchner  funnel, 
using  a  7-cm.  Whatman  No.  1  filter  paper,  and  washed  with 
100  cc.  of  95  per  cent  alcohol.  ;The  fiesidue,  containing  the 
solubilized  starch,  was  transferred  to  a  400-cc.  beaker,  boiled  for  5 
minutes  with  100  cc.  of  water,  and  then  kept  on  a  water  bath  at 
100°  C.  for  at  least  half  an  hour.  The  hot  mixture  was  filtered  on 
a  Buchner  through  No.  1  filter  paper  until  the  residue  was 
sucked  dry,  and  the  residue  was  then  washed  with  30  cc.  of  hot 
water.  The  residue  was  transferred  to  a  300-cc.  Erlenmeyer 
flask,  care  being  taken  to  break  up  the  lumps,  and  solubilized 
again  by  boding  with  100  cc.  of  95  per  cent  alcohol  and  1  cc.  of 
hydrochloric  acid  under  a  reflux  condenser  for  15  minutes.  The 
mixture  was  filtered  on  a  Buchner  funnel  and  washed  with  50 
cc.  of  95  per  cent  alcohol.  The  residue  was  transferred  to  a  400- 
cc.  beaker,  boiled  for  5  minutes  with  80  cc.  of  water,  and  kept  for 
half  an  hour  on  the  water  bath  at  100°  C.  The  mixture  was 
filtered  on  a  Buchner  funnel  and  washed  with  about  20  cc.  of  hot 
water.  The  filtrates  from  the  two  extractions  were  then  trans¬ 
ferred  to  a  250-cc.  volumetric  flask  and  made  to  volume.  This 
solution  was  used  for  the  subsequent  hydrolysis  of  starch  and 
also  for  the  blank  determination. 

The  hydrolysis  of  starch  was  carried  out  as  follows:  A  25-cc. 
aliquot  was  pipetted  into  a  50-cc.  volumetric  flask,  2  cc.  of  the 
acetate  buffer  of  pH  5.6,  2  cc.  of  0.25  N  sodium  chloride,  and  2 
cc.  of  the  diluted  saliva  were  added,  and  the  mixture  was  kept  in 
a  water  bath  at  37°  to  40°  C.  for  2  hours.  [Phosphate  buffer  was 
avoided  because  of  the  subsequent  clarification  of  the  digest  with 
lead  acetate.  When  acetate  buffer  is  used  the  optimum  pH  for 
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Table  I.  Maltose  Production  by  Salivary  Amylase  from 
Starches  of  Different  Sources 


Starch 

0.01  M  Ceric 

Digested 

Starch  per 

Sulfate  Used 

Maltose  Production 

in  25-Cc. 

5  Cc.  of 

(Including 

Per  5  cc. 

From  1  mg. 

Source 

Volume 

Digest 

Blank) 

of  digest 

of  starch 

Mg. 

Mg. 

Cc. 

Mg. 

Mg. 

Danna 

5 

1 

2.45 

0.895 

0.895 

10 

2 

4.60 

1.790 

0.895 

12.5 

2.5 

5.65 

2.230 

0.892 

Potato 

5 

1 

2.45 

0.895 

0.895 

10 

2 

4.60 

1.790 

0.895 

12.5 

2.5 

5.65 

2.230 

0.892 

Wheat 

5 

1 

2.45 

0.895 

0.895 

10 

2 

4.55 

1.770 

0.885 

12.5 

2.5 

5.55 

2.190 

0.875 

3orn 

5 

1 

2.45 

0.895 

0.895 

10 

2 

4.55 

1.790 

0.875 

12.5 

2.5 

5.70 

2.250 

0.900 

Rice 

5 

1 

2.45 

0.895 

0.895 

10 

2 

4.55 

1.770 

0.885 

12.5 

2.5 

5.55 

2.190 

0.875 

Whitetop  root 

5.0 

1.0 

2.45 

0.895 

0.895 

(Hymeno- 
physa  pu¬ 
bescent) 

10.0 

2.0 

4.55 

1.770 

0.885 

salivary  amylase  is  5.6  (7).]  At  the  end  of  this  period  the  water- 
soluble  proteins  and  noncarbohydrate  reducing  substances  were 
removed  by  adding  1  cc.  of  saturated  neutral  lead  acetate  to  the 
digest  in  the  same  flask.  The  flask  was  shaken  and  the  mixture 
allowed  to  stand  for  about  5  minutes.  The  excess  lead  was  re¬ 
moved  by  adding  4  cc.  of  saturated  disodium  phosphate.  The 
solution  was  then  diluted  to  the  50-cc.  mark,  mixed,  and  filtered 
through  a  dry,  folded  filter  paper. 

[It  is  believed  by  some  investigators  that  removal  of  the  excess 
lead  in  the  same  medium  in  which  the  lead  precipitate  (precipi¬ 
tated  impurities)  exists  is  likely  to  decompose  the  lead  complex, 
thus  liberating  reducing  impurities  back  into  the  solution.  The 
more  approved  procedure,  therefore,  is  to  dilute  to  volume  after 
adding  the  lead  acetate,  mix,  filter  through  a  dry  paper,  precipi¬ 
tate  the  excess  lead  in  the  filtrate  with  dry,  powdered  disodium 
phosphate,  and  filter  again  through  a  dry  filter  paper.  However, 
it  is  the  experience  of  one  of  the  authors  (Hassid)  that  the  re¬ 
moval  of  excess  lead  with  phosphate  carried  out  in  the  solution 
being  clarified,  as  described  in  this  method,  is  entirely  satisfactory 
and  no  difference  in  the  reducing  value  could  be  detected  in  the 
two  procedures.  The  present  method  has  the  advantage  of  re¬ 
quiring  only  one  filtration.] 

Another  25-cc.  aliquot  was  taken  for  a  blank  determination 
and  treated  exactly  as  before,  except  that,  instead  of  saliva  con¬ 
taining  the  active  amylase,  saliva  which  had  been  inactivated  by 
boding  for  a  few  minutes  in  a  test  tube  was  used.  Extreme  care 
should  be  exercised  not  to  contaminate  the  blank  with  traces  of 
saliva  when  the  sample  and  the  reagents  (buffer,  inactive  saliva, 
lead  acetate,  and  disodium  phosphate)  are  pipetted  out.  The 
upper  parts  of  the  pipets  used  for  that  purpose  should  be  plugged 
with  cotton  wool,  or,  preferably,  the  reagents  added  from  burets. 

The  clear  filtrates  from  the  hydrolyzed  sample  and  the  blank 
were  used  for  the  determination  of  their  reducing  values  accord¬ 
ing  to  a  previously  described  method  (4)  as  follows: 

Five  cubic  centimeters  of  the  solution  containing  not  more  than 
4  mg.  of  maltose  were  mixed  with  5  cc.  of  the  alkaline  ferricyanide 
in  a  150  X  25  mm.  Pyrex  glass  test  tube.  The  tube  was  heated  in 
a  boiling  water  bath  or  immersed  in  a  steam  bath  and  heated  for 
exactly  15  minutes.  The  tube  with  the  contents  was  then 
cooled  to  room  temperature  by  immersing  in  running  water  for 
about  3  minutes.  Five  cubic  centimeters  of  5  A  sulfuric  acid 
were  added  and  the  contents  mixed  by  shaking  the  tube.  Seven 
to  10  drops  of  the  Setopaline  C  indicator  were  added  and  the 
solution  was  titrated  with  the  0.01  M  ceric  sulfate  from  a  10-cc. 
buret  until  a  golden  brown  color  appeared.  Estimations  were 
conveniently  carried  out  in  batches  of  eight. 

The  titration  due  to  the  blank  is  subtracted  from  that  given 
by  the  hydrolyzed  starch  and  the  net  result  calculated  in  terms 
of  maltose  (2.4  cc.  of  0.01  M  ceric  sulfate  is  equivalent  to  1  mg.  of 
maltose).  The  conversion  into  starch  is  obtained  by  dividing 
the  amount  of  maltose  by  the  value  of  the  hydrolysis  limit, 
0.890.  If,  for  example,  a  5-cc.  aliquot  of  the  hydrolyzed  starch, 
obtained  from  the  diluted  extract  of  2.5  grams  of  plant  material, 
requires  5.75  cc.  of  0.01  M  ceric  sulfate,  the  blank  being  0.5  cc., 
the  calculation  is  made  as  follows: 


(5.75  -  0.5)  X  100 
2.4  X  2500  X  0.890 


X  100  =  9.83  per  cent  of  starch 


Experimental  Results 

Starches  from  six  different  sources  were  used  for  the  deter¬ 
mination  of  the  hydrolysis  limit.  The  samples  were  purified 
by  bursting  the  granules  and  reprecipitating  from  alcohol  as 
follows: 

A  3  per  cent  suspension  of  the  starch  was  heated  on  the  steam 
bath  with  continuous  stirring  until  a  paste  was  formed.  After 
heating  for  30  more  minutes  the  starch  was  precipitated  by  the 
addition  of  95  per  cent  alcohol.  The  supernatant  liquid  was 
poured  off  and  the  precipitated  starch  was  filtered  on  a  Buchner 
funnel.  It  was  then  ground  in  a  mortar  in  the  presence  of  alcohol, 
filtered  again,  washed  with  alcohol,  and  dried  in  a  vacuum  oven 
at  90°  C.  Weighed  amounts  of  the  dried  starches  were  suspended 
in  cold  water,  boiled  for  a  few  minutes,  held  at  100°  C.  on  the 
steam  bath  for  20  minutes,  cooled,  and  diluted  to  volume.  Ali¬ 
quots  of  25  cc.  each,  containing  three  different  concentrations  of 
the  samples  of  purified  starches,  were  hydrolyzed  with  saliva  in 
a  pH  5.6  acetate  buffer  for  2  hours  at  37°  to  40°  C.  The  results 
are  given  in  Table  I. 

The  titrations  for  the  blank  determinations,  when  the 
starch  concentrations  given  in  Table  I  and  2  cc.  of  the  inacti¬ 
vated  saliva  were  used,  in  all  cases  were  0.3  cc.  of  0.01  M  ceric 
sulfate.  The  slight  reducing  value  is  due  to  the  saliva.  The 
purified  starch  samples  were  practically  nonreducing.  The 
values  for  maltose  produced  from  1  mg.  of  starch  were  closely 
reproducible  with  starch  specimens  from  different  plant 
sources  and  also  with  varying  starch  concentration.  The 
average  value  of  maltose  produced  by  the  salivary  amylase 
under  these  conditions  was  0.890  mg.  of  maltose  per  mg.  of 
starch,  the  extremes  being  0.900  and  0.875.  This  value  was 
not  affected  when  samples  of  saliva  from  six  different  indi¬ 
viduals  were  used  for  hydrolysis. 

The  action  of  saliva  was  tried  on  a  mixture  of  the  following 
substances  under  the  same  conditions :  cherry  gum,  a  glucosan 


Table  II.  Recovery  of  Starch  from  Dried  Plant  Material 


(250  mg. 

added  to  2.5-gram  samples) 

- - - - Starch  Found - . 

Recovered  when 
250  mg.  of  pure 

Material 

In  sample 

starch  were  added 

Reoovery 

Mg. 

Mg. 

% 

Sawdust 

0 

248 

99.2 

(starch-free) 

0 

246 

98.5 

Young  barley  tops 

0 

246 

98.5 

Tomato  leaves® 

0 

252 

100. 1 

Plant  material 

44.5 

286.5 

97.3 

(containing  1.78%  starch) 

44.5 

288.5 

98.0 

°  Original  starch  content  was  10.50  per  cent.  Leaves  destarched  by  keep¬ 
ing  in  dark  for  several  days. 


Table  III.  Comparison  of  Grinding  in  Ball  Mill  and  to 

50-Mesh 


Grinding  to 

50-Mesh 

Grinding  in  Ball  Mill 

Material 

0.01  M  ceric 
sulfate  per  5 
cc.  of  digest 

Starch 

0.01  M  ceric 
sulfate  per  5 
cc.  of  digest 

Starch 

Cc. 

% 

Cc. 

% 

Tomato  leaves 

2.75 

10.50 

2.70 

10.50 

2.70 

10.30 

2.70 

10.50 

2.80 

10.75 

2.75 

10.75 

2.75 

10.50 

Blank 

0.50 

0.45 

Bean  leaves 

2.40 

8.88 

2.20 

8.42 

2.20 

8.85 

2.20 

8.42 

2.40 

8.88 

2.20 

8.42 

Blank 

0.40 

0.40 

Squash  leaves 

1.00 

3.02 

0.95 

3.02 

1.00 

3.02 

0.95 

3.02 

Blank 

0.35 

0.30 

Whitetop  roots  A 

3.90 

16.40 

3.90 

16.40 

3.95 

16.60 

3.90 

16.40 

3.90 

16.40 

3.90 

16.40 

Blank 

0.40 

0.40 

.  .  . 

Whitetop  roots  B 

.  8.80 

39.40 

8.80 

39.40 

8.80 

39.40 

8.70 

38.80 

Blank 

0.40 

0.40 

Whitetop  roots  C 

8.00 

35.60 

7.90 

35.20 

8.00 

35.60 

8.00 

35.60 

Blank 

0.40 

.  .  . 

0.40 

*  *  * 
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isolated  from  barley  roots,  two  polysaccharides  synthesized 
by  bacteria,  and  a-  and  /3-methylglu cosides.  No  hydrolysis 
occurred.  This  shows  that  saliva  is  specific  for  starch  as 
far  as  the  above-named  starchlike  substances  are  concerned. 

In  another  experiment,  three  samples  of  plant  material 
devoid  of  any  starch  and  one  plant  sample  containing  1.78  per 
cent  of  starch  (found  by  previous  analyses)  were  mixed  with 
250  mg.  of  potato  starch,  extracted  with  80  per  cent  alcohol, 
and  analyzed  by  the  described  procedure.  The  results  of  the 
recovery  are  shown  in  Table  II.  Table  III  gives  the  results 
of  starch  analysis  when  the  plant  material  was  ground  to  50- 
mesh  and  also  when  it  was  ground  in  a  ball  mill  to  a  very  fine 
powder.  The  results  are  practically  the  same.  The  laborious 
work  of  grinding  the  plant  material  in  a  ball  mill  can  therefore 
be  avoided. 

Summary 

After  grinding  plant  material  to  50-  or  60-mesh  it  is  treated 
with  dilute  alcoholic  hydrochloric  acid  to  convert  the  starch 
into  a  soluble  form,  and  the  solubilized  starch  is  completely 


extracted  -with  hot  water.  The  extract  containing  the  starch 
is  buffered  with  acetate  buffer,  pH  5.6,  hydrolyzed  with  sali¬ 
vary  amylase,  determined  as  maltose  by  oxidation  with  ferri- 
cyanide,  and  titrated  with  ceric  sulfate.  The  method  does  not 
require  grinding  the  plant  material  in  a  ball  mill.  It  is  spe¬ 
cific,  rapid,  applicable  to  small  amounts,  and  gives  result? 
duplicable  within  5  per  cent. 
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Determination  of  Tungsten 

A  Volumetric  Method 

M.  L.  HOLT  AND  ALLEN  G.  GRAY,  University  of  Wisconsin,  Madison,  Wis. 


This  proposed  volumetric  method  for  the 
determination  of  tungsten  is  based  on  the 
reduction  of  W'1  to  W  n  by  liquid  lead 
amalgam  in  a  specially  designed  reductor. 
The  reduced  tungsten  is  reoxidized  with 
ferric  iron  and  the  resulting  ferrous  iron 
titrated  with  standard  dichromate  solu¬ 
tion,  using  diphenylamine  sulfonic  acid 
indicator.  The  method  is  applied  to  the 
determination  of  tungsten  in  tungstate 
solutions,  in  ferrotungsten,  and  in  electro- 
deposited  tungsten-nickel  alloys. 


THE  importance  of  a  rapid  volumetric  method  for  the 
quantitative  determination  of  tungsten  has  long  been 
recognized,  but  up  to  the  present  time  no  entirely  satisfactory 
method  has  been  suggested.  Most  of  the  reported  volu¬ 
metric  determinations  are  based  on  the  reduction  of  WVI  in 
acid  solution,  followed  by  titration  of  the  reduced  product 
with  standard  oxidant. 

Pfordten  (4)  reported  that  WO3  in  hot  concentrated  hydro¬ 
chloric  acid  is  reduced  to  W02  by  zinc,  while  Dotreppe  (I)  found 
that  W03  is  reduced  to  W407  by  the  same  reducing  agent.  Holt 
(£)  reported  that  methods  for  the  volumetric  determination  of 
tungsten  based  on  the  reduction  of  WVI  by  zinc  are  unsatisfac¬ 
tory  because  of  difficulties  in  obtaining  identical  reductions  of  the 
tungsten. 

Someya  (6),  who  was  apparently  the  first  worker  to  study  the 
reduction  of  tungstates  by  various  amalgams,  reported  that 
zinc,  cadmium,  and  lead  amalgams  reduce  WVI  to  W111  in  acid 
media,  and  concluded  that  lead  amalgam  used  at  a  temperature 
of  about  60°  C.  was  the  most  satisfactory.  He  also  found  that 
bismuth  amalgam  reduces  WVI  to  Wv.  Tananaev  and  Davi¬ 
tashvili  (7)  reported  that  tin  amalgam  used  in  acid  solution  at  a 


temperature  of  50°  to  60°  C.  effects  a  quantitative  reduction  of 
several  metals,  tungsten  being  one  of  those  listed.  Vlasak  ( 9 )  in 
his  analytical  study  of  tungstates,  using  amalgams  of  bismuth, 
zinc,  cadmium,  and  lead,  concluded  that  lead  amalgam  was  the 
most  satisfactory  reducer. 

The  purpose  of  this  paper  is  to  describe  a  volumetric  method 
for  the  determination  of  tungsten  which  is  based  on  the  re¬ 
duction  of  WVI  to  Wm  by  liquid  lead  amalgam.  The  re¬ 
duction  is  carried  out  in  a  specially  designed  reductor  which 
is  an  essential  part  of  the  method.  The  Wm,  which  is  rather 
unstable,  is  not  titrated  directly  but  is  reoxidized  at  once  by 
ferric  iron.  The  resulting  ferrous  iron  is  titrated  with  stand¬ 
ard  dichromate  solution  using  diphenylamine  sulfonic  acid 
indicator.  The  amount  of  tungsten  (WVI)  present  in  the 
original  solution  is  then  readily  calculated  from  the  volume 
of  dichromate  solution  used. 

Reagents  and  Solutions 

Indicator.  Diphenylamine  sulfonic  acid  indicator  (barium 
salt  in  water)  was  prepared  and  used  as  directed  by  Sarver  and 
Kolthoff  (-5).  This  indicator  is  particularly  satisfactory  in  the 
dichromate  titration  of  ferrous  iron  in  the  presence  of  tung¬ 
states. 

Reducing  Amalgam.  Forty  grams  of  granulated  lead  were 
covered  with  concentrated  hydrochloric  acid,  and  the  mixture 
was  stirred  for  perhaps  10  minutes,  after  which  time  the  acid  was 
poured  off  and  the  lead  washed  several  times  with  water.  It 
was  then  carefully  dried  between  pieces  of  filter  paper  and  finally 
heated  at  100°  C.  for  10  minutes.  The  metal  was  immediately 
added  to  600  grams  of  pure  mercury  and  heated  in  a  casserole  on 
a  water  bath  for  an  hour  with  constant  stirring  (hood).  The 
amalgam  was  allowed  to  cool  and  was  filtered  twice  through  a 
rather  fine  cloth  filter  to  separate  the  solid  portion  from  the  liquid 
metal  solution.  The  resulting  liquid  amalgam  was  then  washed 
thoroughly  with  water  and  dried  with  filter  paper.  One  batch 
of  amalgam  thus  prepared  was  used  for  a  large  number  of  deter¬ 
minations. 

Standard  Potassium  Dichromate  Solution.  The  solution 
was  prepared  by  direct  weighing  of  the  analytical  quality  re¬ 
agent,  and  this  value  was  checked  by  standardization  against 
iron  wire  using  diphenylamine  sulfonic  acid  indicator. 
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Figure  1.  Reductor 


Standard  Sodium  Tungstate  Solution.  The  initial  solu 
on  containing  approximately  6.5  mg.  of  tungsten  per  ml.  was 
repared  from  sodium  tungstate.  This  solution  was  very  care- 
illy  standardized  using  the  standard  gravimetric  method  with 
nchonine  hydrochloride  solution  ( 8 ). 

Ferric  Iron  Solution.  A  solution  containing  approximately 
)  grams  of  ferric  ammonium  sulfate  per  100  ml.  of  water  was  pre- 
ired.  The  solution  was  rendered  colorless  by  the  addition  of  25 
1.  of  concentrated  sirupv  phosphoric  acid. 

The  Reduetor 

The  actual  reduction  is  carried  out  in  a  400-ml.  separatory 
mnel,  provided  with  a  two-way  stopcock  approximately  8  cm. 
rectly  below  the  separatory  funnel  stopcock.  One  outlet  from 
le  two-way  stopcock  extends  into  the  air  and  serves  as  an  open- 
g  for  the  removal  of  the  liquid  reducing  amalgam  when  the 
duction  has  been  completed.  The  other  outlet  extends  into 
h  ordinary  three-necked  Woulff  bottle  in  which  the  titration 
kes  place.  The  middle  neck  of  the  Woulff  bottle  is  fitted  with 
buret  through  which  standard  oxidant  is  added  to  the  reduced 
ilution.  The  outer  neck  is  fitted  with  a  gas  outlet  tube  and 
lother  separatory  funnel  of  any  convenient  capacity  through 
hich  water  and  the  indicator  may  be  added.  A  glass  tube  is 
ted  in  the  opening  near  the  bottom  of  the  Woulff  bottle  through 
hich  carbon  dioxide  gas  is  passed  to  keep  the  solution  stirred 
iring  the  titration. 

The  neck  of  the  reduction  separatory  funnel  is  provided  with  a 
opper  through  which  is  fitted  a  smaller  separatory  funnel  and  a 
ass  tube.  This  smaller  separatory  funnel  serves  as  a  means  of 
troducing  the  tungstate  solution  and  the  reducing  amalgam 
to  the  reductor,  while  the  glass  tube  serves  as  an  inlet  for  carbon 
oxide  gas.  The  contents  of  the  reductor  are  maintained  at  a 
mperature  of  about  60°  C.  throughout  all  reductions  by  an 
metrical  heating  coil,  formed  by  fixing  several  turns  of  Nichrome 
ire  around  the  asbestos-covered  separatory  funnel.  An  asbestos 
•vering  is  placed  over  this,  using  water  glass  to  cement  the  two 
vers  together.  The  complete  reductor  is  shown  in  Figure  1. 

Experimental 

Macro  Amounts.  The  sample  containing  the  tungsten  as 
luble  sodium  tungstate  is  placed  in  an  Erlenmeyer  flask  and 
aporated  almost  to  dryness  on  a  hot  plate.  As  soon  as  the 
•st  crystals  ^separate  they  are  redissolved  with  a  few  drops  of 
iter,  and  75  ml.  of  hot  concentrated  hydrochloric  acid  (sp.  gr. 
12)  are  added  to  the  flask.  The  pale  yellow  hydrated  tungstic 
ade  which  first  forms  dissolves  readily  in  the  concentrated  hy¬ 


drochloric  acid.  The  solution  is  boiled  for  2  minutes  to  ensure 
homogeneity.  The  clear  solution  which  contains  the  tungsten 
in  the  hexavalent  state  is  removed  from  the  hot  plate  and  for 
convenience  in  handling  is  allowed  to  cool  to  75°  to  80°  C.,  at 
which  temperature  it  is  introduced  into  the  reductor.  The  flask 
and  top  funnel  are  rinsed  with  small  volumes  of  concentrated 
hydrochloric  acid  and  then  the  liquid  lead  amalgam  is  poured 
into  the  reductor.  However,  before  the  introduction  of  any  solu¬ 
tions  into  the  reductor  an  atmosphere  of  carbon  dioxide  is  created 
by  passing  carbon  dioxide  gas  from  a  tank  into  the  reductor  for 
a  few  minutes.  After  the  introduction  of  the  materials  into  the 
reductor  it  is  closed  to  the  air,  and  no  carbon  dioxide  gas  is  passed 
in  after  the  reduction  has  started. 

As  soon  as  the  liquid  amalgam  strikes  the  hexavalent  tung¬ 
sten  solution  a  blue  color  develops,  and  then  successively  a 
violet,  a  red,  a  yellow,  and  finally  a  deep  yellow  color.  When 
the  solution  acquires  the  deep  yellow  color  it  evidently  con¬ 
tains  the  trivalent  tungsten  in  a  form  resistant  to  further  re¬ 
duction  by  the  amalgam.  To  ensure  complete  reduction 
and  accurate  determinations  the  reaction  is  allowed  to  pro¬ 
ceed  at  least  5  minutes  after  the  characteristic  deep  yellow 
color  appears.  This  seems  to  be  the  best  rule  to  follow  re¬ 
garding  the  time  required  for  the  reduction.  Experiment 
has  shown  that  the  reduction  will  not  proceed  further  than 
the  trivalent  state  using  the  liquid  lead  mercury  reducer, 
but  certainly  for  all  determinations  none  of  the  tungsten 
can  be  left  in  the  higher  valence  states.  This  point  is  best 
shown  in  curve  I  in  Figure  2  in  which  the  progress  of  the 
reduction  is  represented  as  a  function  of  the  time.  For  a 
solution  containing  approximately  30  mg.  of  tungsten  the 
average  time  required  for  complete  reduction  is  15  minutes. 
Throughout  the  duration  of  the  reduction  the  reductor  is 
moved  gently  back  and  forth,  so  that  the  amalgam  in  the  re¬ 
ductor  is  given  a  constant  rotary  motion. 

As  a  matter  of  interest  the  reduction  with  tin  amalgam 
was  studied  in  the  same  manner,  but  was  found  to  be  un¬ 
satisfactory  for  this  procedure,  as  is  shown  by  curve  II, 
Figure  2.  The  amount  of  oxidant  used  becomes  a  function 
of  the  time  of  reduction  rather  than  of  the  amount  of  tung¬ 
sten  in  the  solution. 

After  the  reduction  has  been  completed  the  amalgam  is  taken 
off  through  the  outside  opening  of  the  two-way  stopcock.  A 
slight  excess  of  the  prepared  ferric  ammonium  sulfate  solution 
s  then  added  to  the  reduced  solution  remaining  in  the  reduc¬ 
tor.  After  complete  mixing  has  been  effected,  the  entire  con¬ 
tents  of  the  reductor  are  allowed  to  pass  through  the  other 
junction  of  the  two-way  stopcock  into  the  Woulff  bottle.  The 
reductor  is  rinsed  with  10  to  20  ml.  of  water,  and  these  washings 


REDUCTION  TIME-MINUTES 


Figure  2.  Reduction  of  WVI  to  Wm  by  Lead  and  Tin 

Amalgams 
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are  allowed  to  pass  in  with  the  bulk  of  the  solution.  Then  50  to 
75  ml.  of  water  and  about  40  ml.  of  sirupy  phosphoric  acid  are 
added  to  the  ferrous  iron  solution  contained  in  the  Woulff  bottle. 
After  the  addition  of  about  8  drops  of  the  prepared  indicator 
solution,  the  titration  is  started.  Throughout  the  duration  of  the 
titration  the  contents  of  the  titration  flask  are  stirred  by  a  slow 
stream  of  carbon  dioxide  gas  which  is  allowed  to  bubble  through 
the  solution.  The  titration  is  made  rapidly  until  the  violet 
indicator  coloration  at  first  produced  is  observed  to  disappear 
increasingly  slowly.  From  this  point  on,  the  dichromate  solu¬ 
tion  is  added  dropwise.  The  point  at  which  one  drop  of  di¬ 
chromate  produces  an  intense  violet  coloration  is  taken  as  the 
end  point. 

Results  obtained  by  following  this  procedure  are  indicated 
in  Table  I. 


Table  I.  Tungsten  in  Sodium  Tungstate,  Macro  Scale 


Tungsten  Added 

0.1104  N  K2O2O7 
Required 

Tungsten 

Found 

Variation 

Gram 

Ml. 

Gram 

Gram 

0.0323 

4.75 

0.0322 

0.0001 

0.0323 

4.70 

0.0318 

0.0005 

0.0323 

4.75 

0.0322 

0.0001 

0.0647 

9.50 

0.0643 

0.0004 

0.0647 

9.50 

0.0643 

0.0004 

0.0647 

9.55 

0.0647 

0.0000 

0.1617 

23.80 

0.1612 

0.0005 

0.1617 

23.85 

0.1615 

0.0002 

0.1617 

23.85 

0.1615 

0.0002 

Semimicro  Amounts.  The  volumetric  method  just  de¬ 
scribed  may  be  applied  to  the  quantitative  determination  of 
micro  amounts  of  tungsten  with  very  accurate  results. 

The  standard  50-ml.  buret  on  the  reduetor  apparatus  is  re¬ 
placed  by  a  precisely  calibrated  5-ml.  microburet.  The  reduction 
is  allowed  to  proceed  in  exactly  the  same  way.  Since  the  amount 
of  tungsten  present  is  small,  only  50  ml.  of  concentrated  hydro¬ 
chloric  acid  are  used  to  dissolve  the  alkali  tungstate.  The  color 
changes  during  the  reduction  are  not  readily  visible  because  of 
the  small  concentration  of  tungsten  in  the  solution.  A  smaller 
amount  of  ferric  iron  solution  is  also  used  in  the  procedure.  The 
standard  oxidant  used  in  the  titration  procedure  was  approxi¬ 
mately  0.05  N.  The  use  of  more  dilute  oxidant  diminished  the 
accuracy  of  the  determination  and  cannot  be  recommended  for 
this  procedure. 

The  results  obtained  using  the  semimicrotechnique  are  set 
forth  in  Table  II. 

Table  II.  Tungsten  in  Sodium  Tungstate,  Semimicro  Scale 


Tungsten  Added 

0.0513  N  K2O2O7 
Required 

Tungsten 

Found 

Variation 

Mg. 

Ml. 

Mg. 

Mg. 

3.23 

1.02 

3.21 

-0.02 

3.23 

1.04 

3.27 

+0.04 

3.23 

1.04 

3.27 

+0.04 

6.47 

2.02 

6.35 

-0.12 

6.47 

2.02 

6.35 

-0.12 

6.47 

2.03 

6.38 

-0.09 

9.69 

3.14 

9.87 

+0.18 

9.69 

3.13 

9.84 

+0.15 

9.69 

3.12 

9.81 

+0.12 

Analysis  of  Electroplated  Tungsten-Nickel  Alloys. 
During  the  progress  of  research  on  the  electrodeposition  of 
tungsten  alloys,  particularly  tungsten-nickel  alloys,  the 
authors  had  long  recognized  the  desirability  of  a  good  volu¬ 
metric  method  for  tungsten.  When  this  proposed  volu¬ 
metric  method  was  found  satisfactory  for  tungstate  solu¬ 
tions,  it  seemed  reasonable  to  apply  it  to  the  analysis  of 
tungsten-nickel  alloys. 

In  starting  such  an  analysis,  the  tungsten-nickel  alloy  deposit 
and  base  metal  (copper  foil)  are  treated  with  nitrohydrochloric 
acid,  and  when  reaction  is  complete  most  of  the  excess  acid  is  re¬ 
moved  by  heating  the  solution  on  a  hot  plate.  The  residue  is 
allowed  to  cool  and  diluted  with  50  ml.  of  water.  The  solution 
is  then  made  slightly  basic  with  sodium  hydroxide  solution,  boiled 
for  15  minutes,  and  filtered.  The  filtrate,  which  contains  the 
tungsten  as  soluble  sodium  tungstate,  is  allowed  to  flow  into  a 
100-ml.  volumetric  flask.  The  precipitate  is  washed  with  ap¬ 
proximately  35  ml.  of  water  which  is  made  slightly  basic  with 
sodium  hydroxide,  and  the  washings  are  added  to  the  volumetric 
flask  containing  the  original  sodium  tungstate  solution.  The 
contents  of  the  flask  are  diluted  to  the  mark  with  water  and  thor¬ 
oughly  mixed. 


A  5-  or  10-ml.  sample  (depending  on  the  weight  of  the  alloy 
plate)  is  then  pipetted  from  this  volumetric  flask  containing  the 
sodium  tungstate  and  the  amount  of  tungsten  determined  using 
the  volumetric  microtechnique  described  above.  Check  runs  are 
made  to  determine  the  best  value.  The  volume  of  standard 
oxidant  used  is  equivalent  to  the  aliquot  portion  taken.  Using 
this  value  the  per  cent  of  tungsten  in  the  alloy  plate  is  easily  cal¬ 
culated. 

The  precipitated  nickel  and  copper  oxides  are  dissolved  with 
dilute  hydrochloric  acid  and  the  copper  is  removed  with  hydrogen 
sulfide.  The  amount  of  nickel  in  the  alloy  is  then  determined  by 
the  standard  gravimetric  procedure  using  dimethylglyoxime. 

Results  of  the  analysis  of  a  number  of  nickel-tungsten 
alloys  are  given  in  Table  III. 


Table  III.  Analysis  of  Electrodeposited  Tungsten- 
Nickel  Alloys 


Alloy 

Nickel 

Tungsten 

Total 

Weight 

Found 

Found 

Recovery 

Gram 

% 

% 

% 

0.1474 

62.20 

37.32 

99.52 

0.1264 

51.58 

48.00 

99.58 

0.0870 

39.19 

60.42 

99.61 

0.0757 

58.65 

41.05 

99.70 

0.0752 

83.51 

16.15 

99.66 

0.0578 

60.38 

39.15 

99.53 

0.0390 

61.05 

38.50 

99.55 

0 . 0240 

63.33 

36.31 

99.64 

Analysis 

of  Ferrotungsten. 

A  sample 

containing 

proximately  0.5  gram  of  standard  ferrotungsten  is  carefully 
weighed  and  fused  with  five  times  its  weight  of  sodium  carbonate. 
The  melt  is  extracted  with  water,  0.5  gram  of  sodium  peroxide  is 
added,  and  the  mixture  boiled  for  10  minutes  and  then  filtered. 
Such  a  separation  of  iron  from  tungsten  may  not  be  absolutely 
complete,  owing  to  the  possible  formation  of  a  soluble  tungstate- 
iron  complex  (3),  but  is  satisfactory  for  this  particular  analysis. 
The  filtrate  containing  the  soluble  tungstate  is  made  up  to  vol¬ 
ume  in  a  500-ml.  volumetric  flask.  The  reduction  is  carried  out 
on  10-ml.  aliquots  employing  the  semimicrotechnique  previously 
described.  Results  are  indicated  in  Table  IV. 

Table  IV.  Determination  of  Tungsten  in  Ferrotungsten 


Tungsten 

Present 

0.0513  N  K2O2O7 
Required  for 
Aliquot 

Tungsten 

Found 

Variation 

Gram 

Ml. 

Gram 

Gram 

0.3557 

2.27 

0.3570 

0.0013 

0.3557 

2.26 

0.3555 

0.0002 

0.3557 

2.27 

0.3570 

0.0013 

0.3557 

2.27 

0.3570 

0.0013 

The  data  presented  show  that  the  method  described  is  en¬ 
tirely  satisfactory  for  the  volumetric  determination  of  tung¬ 
sten.  It  may  be  applied  in  any  analytical  procedure  in 
which  the  tungsten  can  be  converted  into  sodium  tungstate. 
If  other  easily  reduced  compounds  are  present,  such  as 
vanadates  and  molybdates,  special  procedures  must  be  used 
to  remove  these  substances  before  submitting  the  tungstate 
to  quantitative  reduction. 

Results  of  the  determinations  of  small  amounts  of  tung¬ 
sten  using  the  semimicrotechnique  show  that  the  volumetric 
method  is  very  satisfactorily  applied  to  amounts  too  small 
for  gravimetric  analysis.  Even  when  working  with  larger 
samples  operation  on  the  semimicro  scale  using  aliquot  por¬ 
tions  is  strongly  recommended  as  giving  the  best  results. 
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Iodofluoride  Method  for  the  Determination 

of  Copper 

Effects  of  Antimony,  Aluminum,  and  Calcium 


WILLIAM  R.  CROWELL  and  ALAN  T.  SPIHER 
University  of  California  at  Los  Angeles,  Los  Angeles,  Calif. 


IN  TWO  previous  communications  the  authors  have  pre¬ 
sented  results  showing  the  effects  of  iron  and  arsenic  in 
the  iodofluoride  method  for  the  determination  of  copper,  but 
no  data  were  offered  regarding  the  effects  of  antimony, 
aluminum,  and  calcium  {1,2).  Foote  and  Vance  in  a  study  of 
the  effect  of  antimony  in  their  iodoacetate  method  have  shown 
that  low  results  are  obtained  if  the  amount  of  antimony  pres¬ 
ent  is  greater  than  20  mg.  (8).  In  his  method  employing  bi¬ 
fluoride  and  biphthalate,  Park  has  stated  that  aluminum 
forms  an  insoluble  fluoride  which,  when  present  in  large 
amounts,  occludes  some  copper  and  slows  up  the  titration, 
but  has  given  no  experimental  results  (4)._  The  effect  of 
calcium  which  may  be  present  in  copper  ores  in  large  amounts 
has  not  yet  been  considered.  The  present  paper  describes 
results  obtained,  showing  the  behavior  of  these  three  impuri¬ 
ties  in  the  iodofluoride  method. 


Table  I.  Effects  of  Antimony,  Aluminum,  and  Calcium  on 
Titration  of  Cupric  Sulfate  Solutions  by  Iodofluoride 

Method 


(Copper  taken,  0.1774  gram.  Volume  of  thiosulfate  required,  26.61  cc.) 

, - Weight  of  Impurity - ■  Maxi- 

A  nti-  Aliimi-  Cal-  NH4HF2  Average  mum 

Series 

mony 

Gram 

num 

Gram 

cium 

Gram 

Iron 

Gram 

Arsenic 

Gram 

Added 

Grams 

Error 

% 

Error 

% 

1 

0.010 

0.0 

0.0 

0.0 

0.0 

1.5 

0.05 

(3)» 

0.05 

2 

0.020 

0.0 

0.0 

0.0 

0.0 

1.5 

0.00 

(3) 

0.00 

3 

0.030 

0.0 

0.0 

0.0 

0.0 

1.5 

-0.40 

(3) 

—  0.43 

4 

0  0 

0. 1 

0.0 

0.0 

0.0 

1.5 

-0.03 

(4) 

—  0.06 

5 

0.0 

0.2-0.3 

0.0 

0.0 

0.0 

1.5 

-0.03 

(7) 

-0.06 

6 

0.0 

0.2 

0.0 

0.2 

0.0 

2.0 

-0.06 

(4) 

-0.09 

7 

0.0 

0.2 

0.0 

0.2 

0.2 

2.0 

-0.03 

(3) 

0.06 

8 

0.0 

0.0 

0.1 

0.0 

0.0 

1.5 

0.03 

(4) 

0. 12 

9 

0.0 

0.0 

0.2 

0.0 

0.0 

1.5 

-0.44 

(4) 

—  0.59 

10& 

0.0 

0.0 

0. 1-0.2 

0.0 

0.0 

1.5 

0.00 

(7) 

0.11 

lib 

0.0 

0.0 

0.3-0.4 

0.0 

0.0 

1.5 

-0.08 

(4) 

—  0. 13 

12  b 

0.0 

0.0 

0.3-0.4 

CO 

© 

1 

OQ 

d 

0.0 

2.5 

-0.05 

(4) 

—  0. 17 

136 

0.0 

0.0 

0.3 

0.3 

0.2 

2.5 

-0.02 

(2) 

—  0.04 

a  Numbers  in  parentheses  refer  to  number  of  titrations  made. 
b  Calcium  sulfate  was  filtered  off  before  addition  of  ammonia  and  bi- 
fluoride. 


Table  II.  Effect  of  Calcium  on  Analysis  of  Cupric 

Sulfide 


(Percentage  of  copper  in  the  sulfide  varied  from  62.77  to  62.00) 


Series 

/ - Weight  of  Impurity - ^ 

Calcium  Iron  Arsenic 

NHjFHj 

Added 

Average 

Deviation0 

Maximum 

Deviation" 

Gram 

Gram 

Gram 

Grams 

% 

% 

146 

0.3-0. 4 

0.0 

0.0 

1.5 

-0.05  (6) 

-0.16 

156 

0.3 

0.2-0. 3 

0.0 

2.5 

-0.09  (3) 

-0. 14 

166 

0.20 

0.20 

0.20 

2.5 

0.02  (3) 

0.07 

°  Deviations  are  percentage  deviations  from  per  cent  of  copper  obtained 
in  blank  runs.  ,  .  ,  ,  ,  . 

b  Calcium  sulfate  was  filtered  off  before  addition  of  ammoma  and  bi- 
fluoride. 


Experimental  Procedure  and  Results 


In  the  case  of  the  cupric  sulfate  experiments,  the  pro¬ 
cedure  was  as  follows: 

To  25.00  cc.  of  copper  sulfate  solution  containing  0.1774  gram 
of  copper  were  added  a  solution  of  the  impurities  and  5.00  cc.  of 
concentrated  sulfuric  acid.  The  solution  was  evaporated  to 
fuming  and  diluted  to  20  cc.,  followed  by  addition  of  ammonium 
hydroxide  until  a  distinct  odor  of  ammonia  was  obtained.  In 
all  the  runs  except  6,  7,  12,  and  13,  1.5  grams  of  ammonium  bi- 
fluoride  were  then  added.  In  runs  6  and  7,  2  grams  of  bmuonde 
were  used,  while  in  runs  12  and  13  the  amount  was  2.5  grams. 
Next,  20  cc.  of  1.5  M  potassium  iodide  solution  were  added  and 
titration  with  thiosulfate  was  made  with  the  addition  of  2  grams 
of  potassium  thiocyanate  and  starch  solution  within  1  cc.  of  the 

end  point.  ,  .  . 

The  impurities  were  in  the  form  of  solutions  ot  potassium  pyro- 
antimonate,  aluminum  nitrate,  calcium  chloride,  ferric  nitrate, 
and  arsenic  acid.  In  solutions  containing  aluminum  nitrate  it 
was  found  necessary  to  fume  with  sulfuric  acid  if  satisfactory 
results  were  to  be  obtained.  Without  the  fuming  the  values  were 
decidedly  low,  even  with  amounts  corresponding  to  less  than 
0.1  gram  of  aluminum.  Calcium  chloride  and  ferric  nitrate  also 
showed  a  tendency  at  times  to  give  slightly  lower  results  unless 
the  fuming  process  was  carried  out. 

In  runs  10  to  13,  inclusive,  the  calcium  sulfate  precipitate  was 
filtered  and  washed  before  addition  of  ammonia  and  bifluoride, 
while  in  runs  8  and  9  the  solutions  were  not  filtered. 

The  procedure  followed  in  the  case  of  cupric  sulfide  was  the 
same  as  in  (2),  except  that  in  runs  15  and  16,  2.5  grams  of  bi¬ 
fluoride  were  used  and  the  solutions  were  filtered  in  the  same 
manner  as  in  runs  10  to  13,  inclusive.  The  impurities  consisted 
of  calcite  crystals  and  solutions  of  ferric  nitrate  and  arsenic  acid. 

The  results  indicate  the  following  regarding  the  behavior 
of  antimony,  aluminum,  and  calcium  in  the  determination  of 
copper  by  the  iodofluoride  method. 

1.  As  in  the  case  of  the  iodoacetate  method,  antimony 
cannot  be  present  in  quantities  greater  than  20  mg.  Since 
the  error  is  probably  due  to  adsorption  of  copper  by  anti- 
monic  acid  during  the  mineral  acid  treatment,  this  result  is  to 
be  expected. 

2.  Aluminum  as  aluminum  sulfate  can  be  present  in 
amounts  as  great  as  0.3  gram,  aluminum  and  iron  as  much  as 
0.2  gram  each,  and  aluminum,  iron,  and  arsenic  as  much 
as  0.2  gram  each,  with  an  average  error  in  the  results  less  than 
0.1  per  cent. 

3.  Calcium  can  be  present  in  amounts  as  high  as  0.4  gram, 
calcium  and  iron  in  amounts  as  great  as  0.3  gram  each,  and 
calcium,  iron,  and  arsenic  in  amounts  as  great  as  0.2  gram  of 
arsenic  and  0.3  gram  each  of  iron  and  calcium,  with  an  average 
error  less  than  0.1  per  cent,  provided  the  calcium  sulfate  is 
filtered  off  and  washed  before  the  addition  of  ammonia  and 
bifluoride.  If  the  amount  of  calcium  present  is  no  greater 
than  0.1  gram,  filtration  is  unnecessary.  The  error  due  to 
the  presence  of  calcium  is  probably  caused  by  adsorption  of 
copper  by  calcium  fluoride  produced  as  a  result  of  a  reaction 
between  calcium  sulfate  and  bifluoride. 


Results  are  shown  in  Tables  I  and  II. 

Experiments  with  all  three  impurities  alone  and  in  com¬ 
bination  with  iron  and  arsenic  were  carried  out  in  solutions  of 
cupric  sulfate  and  with  calcium  alone  and  in  combination  with 
iron  and  arsenic  on  samples  of  cupric  sulfide.  The  materials 
used,  with  the  exception  of  the  new  impurities,  were  essen¬ 
tially  the  same  as  those  described  in  previous  articles  ( 1 ,  2). 
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Determination  of  Chlorophyll  and  Carotene 

in  Plant  Tissue 

H.  G.  PETERING,  W.  WOLMAN,  AND  R.  P.  HIBBARD,  Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


METHODS  for  the  determination  of  chlorophyll  and 
carotene  in  fresh  plant  tissue  are  still  a  source  of  much 
interest  to  biochemists  and  plant  physiologists,  for  the 
older  methods  of  Willstatter  and  Stoll,  Schertz,  and  others 
(11,  14)  are  long  and  tedious,  and  the  newer  methods  leave 
much  to  be  desired  in  accuracy  and  reproducibility,  in  addi¬ 
tion  to  being  difficult  to  use  when  both  pigments  are  to  be 
determined.  The  determination  of  chlorophyll  alone  is  not 
difficult,  but  the  determination  of  carotene  alone  has  always 
been  very  laborious.  Because  of  this  situation,  the  authors 
desire  to  present  a  new  method  which  is  rapid  and  reliable. 

This  method  makes  use  of  recent  developments  in  stand¬ 
ard  photoelectric  colorimeters  in  the  final  measurement  of 
the  concentration  of  each  pigment  in  the  extract  of  the  plant 
tissue.  Chlorophyll  is  determined  directly  on  the  extract 
of  the  combined  pigments  without  separating  it  from  the 
yellow  pigments.  The  determination  depends  on  the  fact 
that  the  maximum  absorption  band  of  a  solution  of  chloro¬ 
phyll  (a  and  b )  in  the  red  region  of  the  visual  spectrum  is  in¬ 
dependent  of  the  presence  of  flavones,  xanthophylls,  and  carot¬ 
enoids  in  the  absorbing  medium.  The  method  for  carotene 
involves  a  novel  procedure  for  the  separation  of  chlorophyll 
from  the  extract,  the  removal  of  xanthophylls  and  flavones 
by  the  usual  method,  and  the  final  determination  of  the  caro¬ 
tene  in  petroleum  ether  by  photometric  means. 

Extraction  of  Pigments 

Incomplete  extraction  of  the  pigments  from  plant  tissue 
is  probably  the  chief  source  of  error  and  variation  in  the  use 
of  any  method  for  their  determination.  The  importance  of 
complete  extraction  has  not  always  been  stressed  by  in¬ 
vestigators.  In  order  to  get  a  quantitative  extraction  with 
any  solvent  and  by  any  method,  the  tissue  must  be  thoroughly 
macerated  and  disintegrated,  and  the  extraction  repeated 
with  continual  grinding.  The  mac¬ 
erated  tissue  should  not  be  unneces¬ 
sarily  exposed  to  oxidation  before 
enzyme  action  has  been  stopped. 


The  procedure  used  by  the  authors 
is  similar  to  that  recommended  by 
Ulvin  (13),  although  certain  modifica¬ 
tions  are  employed.  A  1-  or  2-gram 
sample  of  the  fresh  tissue  (less  if  dried 
tissue  is  used)  is  macerated  well  with 
quartz  sand  and  a  little  sodium  car¬ 
bonate.  After  about  30  seconds  of 
initial  grinding,  the  sample  is  moistened 
with  a  small  amount  of  pure  acetone 
and  grinding  is  continued.  After  this 
the  tissue  is  extracted  with  about  25 
cc.  of  pure  acetone,  grinding  being 
continued  during  the  extraction  period. 
The  macerate  is  decanted  of  excess  ex¬ 
tract,  or  sucked  dry  on  a  Buchner 
funnel.  The  residue  is  then  ground 
and  extracted  again  with  25  to  30  cc. 
of  85  per  cent  acetone,  and  the  resultant 
mixture  is  filtered.  The  residue  from 
this  filtration  is  washed  well  on  the 
suction  funnel  or  re-extracted  until  com¬ 
plete  extraction  of  the  pigments  is  as¬ 
sured.  The  extract  is  finally  made  up 
to  100  ml.  or  some  other  convenient 
volume. 


Any  other  procedure  using  acetone  or  alcohol  as  the  solvent 
may  be  used,  providing  complete  extraction  is  accomplished. 

Determination  of  Chlorophyll 

Chlorophyll  in  plant  tissue  extracts  has  been  determined 
before  by  colorimetric  and  photometric  methods  (3,  5,  6,  9, 
12),  but  until  recently  in  most  cases  the  separation  of  chloro¬ 
phyll  from  the  other  pigments  has  preceded  the  photometric 
or  colorimetric  determination  of  the  pigment.  In  this 
method  the  authors  measure  chlorophyll  in  the  original  ex¬ 
tract  in  the  presence  of  all  the  extracted  yellow  pigments. 
[Since  this  work  was  finished  and  reported,  the  method  of 
Johnston  and  Weintraub  (8)  has  come  to  the  attention  of 
the  authors.  Johnston  and  Weintraub  measure  chlorophyll 
in  the  presence  of  the  yellow  pigments,  but  use  special  ap¬ 
paratus  and  different  filters.  ] 

A  portion  of  the  original  extract  (regardless  of  solvent)  is 
placed  in  the  absorption  cell  of  a  photoelectric  colorimeter,  and 
the  transmission  of  the  solution  is  compared  with  the  transmission 
of  the  pure  solvent  (or  water).  The  transmission  of  the  solution 
is  converted  to  concentration  by  means  of  a  standard  calibration 
curve  obtained  with  pure  chlorophyll.  This  is  the  method  some¬ 
times  referred  to  as  “absolute  colorimetry”. 

A  Cenco  photelometer  using  1.00-cm.  absorption  cells  was  used 
in  all  this  work.  A  Corning  No.  243  H.  R.  signal  red  filter  (4.35 
mm.  thick)  and  a  No.  396  H.  R.  Aklo  polished  glass  filter  (fight 
shade,  2.50  mm.  thick)  in  combination  permitted  the  isolation 
from  the  tungsten  lamp  in  the  photelometer  of  radiation  above 
6100  A.  only,  and  removed  much  of  the  infrared  from  the  lamp. 
This  combination  of  filters  transmits  radiation  in  the  region  in 
which  chlorophyll  has  maximum  absorption,  and  therefore  en¬ 
ables  one  to  make  precise  measurements  of  chlorophyll  concen¬ 
trations. 

The  calibration  curve  shown  in  Figure  1  was  obtained 
using  5X  chlorophyll  purchased  from  American  Chlorophyll, 
Inc.  For  the  greatest  accuracy,  the  concentration  should 
be  adjusted  to  fall  below  60  mg.  of  chlorophyll  per  liter.  For 


Figure  1.  Calibration  Curve  for  Chlorophyll 
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Table  I.  Accuracy  of  Chlorophyll  Determination 


Sample 

No. 

(Pure  chlorophy 

Concn.  of  Chloro- 

11  in  acetone  solution) 

Concn.  of  Chloro¬ 
phyll  (Determined 

Error 

% 

phyll  (Weighed) 
Mg. /I. 

by  Photelometer) 
Mg., H. 

1 

19.9 

20.5 

+3.0 

39.7 

38.0 

-4.3 

79.4 

82.0 

•  +3.3 

4 

99.3 

102.5 

+3.2 

5 

119.1 

124.0 

+4.1 

6 

39.7 

39.5 

—  0.5 

Table  II.  Effect  of  Carotene  on  Chlorophyll 
Determination 


Sample 

Concn.  of  Chloro¬ 

Concn.  of  Chloro¬ 
phyll  in  Solution 
with  27  Mg.  per 
Liter  Carotene 
Added  to  Each 

Varia¬ 

No. 

phyll  in  Controls 

Sample 

tion 

Mg. /I. 

Mg. /I. 

% 

1 

2 

20.5 

20.9 

+  1.9 

124.0 

117.0 

—  5.6 

3 

4 

6.9 

6.9 

6.5 

7.3 

—  5.8 
+  5.8 

85.0 

85.0 

0.0 

6 

30.7 

31.0 

1.0 

Table  III.  Comparison  of  Colorimetric  and  Photelometric 
Methods  for  Determinations  of  Chlorophyll 


Sample 


Tomato  leaf 
Nettle  leaf 


Alfalfa  leaf 
Celery  leaf 


-Colorimeter- 


Photelometer, 
243  and  396 

Guthrie's  stand¬ 
ard  (KaCraCL  + 
CuSOi  +  NH-iOH) 

Chlorophyll 

Filters 

standard 

Mg. /I. 

Mg. /I. 

Mg. /I. 

141.0 

129.6 

146.0 

180.0 

179.8 

194.0 

158.0 

117.1 

156 . 0 

128.0 

114.4 

132.0 

80.0 

To. 2 

57.5 

57.2 

55.4 

83.0 

78.5 

70.0 

72.2 

103.2 

97.5 

very  small  amounts  of  chlorophyll,  thicker  absorption  cells 
must  be  used. 

The  reliability  and  accuracy  of  the  method  are  indicated 
by  the  data  shown  in  Table  I.  One  person  prepared  the  un¬ 
knowns  and  another  determined  the  values.  With  the  filter 
combination  described  above,  100  per  cent  transmission  was 
obtained  with  solutions  of  carotene,  xanthophylls,  and  fla- 
vones,  indicating  that  these  pigments  do  not  interfere  in  the 
chlorophyll  determination.  In  order  to  check  this  further, 
carotene  was  added  to  known  solutions  of  chlorophyll,  and 
the  transmission  determined  before  and  after  such  addition. 
Table  II  shows  that  carotene  in  concentrations  as  great  as 
27  mg.  per  liter  does  not  interfere  with  the  determination  of 
chlorophyll  regardless  of  concentration.  Table  III  shows  a 
comparison  of  this  method  with  other  standard  methods  for 
chlorophyll. 

Determination  of  Carotene 

A  portion  of  the  original  acetone  (or  alcohol)  extract 
usually  50  ml. — is  taken  for  the  determination  of  carotene. 
The  chlorophyll  is  removed  from  the  acetone  (or  alcohol) 

.  extract  in  a  novel  way  discovered  by  one  of  the  authors 
(H.  G.  P.),  and  the  yellow  pigments  are  taken  up  into  pe¬ 
troleum  ether.  The  xanthophylls  and  flavones  are  subse¬ 
quently  removed  in  the  usual  manner. 

The  method  for  the  removal  of  the  chlorophyll  involves 
the  use  of  finely  divided,  solid,  hydrated  barium  hydroxide. 
Finely  divided  barium  hydroxide  octahydrate,  when  free 
from  barium  carbonate,  may  be  used.  An  active  prepara¬ 
tion  is  conveniently  prepared  by  hydrating  finely  ground  an¬ 
hydrous  barium  hydroxide  or  barium  oxide  in  the  presence 
of  an  organic  solvent  miscible  with  water.  The  reaction  of  a 
soluble  barium  salt  with  a  soluble  alkali  in  the  presence  of  an 


organic  solvent  miscible  with  water,  the  final  solution  of 
which  contains  about  50  per  cent  of  organic  solvent,  yields 
an  active  product  for  the  removal  of  chlorophyll.  If  the 
plant  extract'  contains  sufficient  water,  barium  hydroxide  or 
oxide  may  be  hydrated  directly  in  the  pigment  solution. 

The  preparations  of  hydrated  barium  hydroxide  described 
above  have  a  strong  affinity  for  chlorophyll  in  acetone  or 
alcohol  solutions.  If  1-gram  samples  of  fresh  tissue  are 
used,  and  50  ml.  of  the  pigment  extract  are  taken  for  carotene 
analysis,  0.5  to  1.0  gram  of  anhydrous  barium  hydroxide 
or  1.0  to  2.0  grams  of  barium  hydroxide  octahydrate  should 
be  used  to  remove  the  chlorophyll.  The  activation  of  the 
solid,  anhydrous  barium  hydroxide  is  accomplished  by  plac¬ 
ing  0.5  to  1.0  gram  in  5  cc.  of  acetone  (or  alcohol)  and  adding 
about  5  cc.  of  water  slowly  and  with  stirring.  This  prepara¬ 
tion  is  more  uniform  than  the  barium  hydroxide  octahydrate, 
although  the  latter  is  equally  effective  if  ground  sufficiently 
fine. 

The  mixture  of  the  extract  and  the  activated  barium  hydroxide 
is  placed  in  a  100-cc.  Erlenmeyer  or  oil  flask  and  refluxed  for 
30  minutes  on  a  water  bath.  At  the  end  of  this  period  the  mix¬ 
ture  is  cooled  and  filtered  free  of  the  green  sludge.  The  sludge 
and  filter  are  washed  quantitatively  with  pure  acetone  to  re¬ 
move  all  the  carotene  adhering  to  the  filter  and  the  residue. 
The  filtrate  is  transferred  to  a  125-ml.  separatory  funnel  together 
with  about  40  to  50  ml.  of  petroleum  ether  (b.  p.  30°  to  60  C.). 
Thereafter,  the  carotene  in  the  petroleum  ether  layer  is  washed 
free  of  xanthophylls  and  solvents,  dried  over  sodium  sulfate 
(anhydrous),  and  made  up  to  100  cc.  or  some  other  volume,  and 
the  concentration  is  determined  photometrically.  Care  should  be 
taken  to  extract  the  carotene  quantitatively  from  the  acetone 
layer,  and  then  to  wash  the  xanthophylls  completely  out  of  the 
ether  layer.  Re-extraction  of  the  methyl  alcohol  (or  other  sol¬ 
vent)  used  to  wash  out  the  xanthophylls  is  recommended. 

The  authors  used  85  and  89  per  cent  methyl  alcohol,  or 
75  and  80  per  cent  ethyl  alcohol,  to  wash  the  xanthophylls 
out  of  the  petroleum  ether,  but  reference  on  this  point  should 
be  made  to  accepted  procedures  ( 2 ,  4,  7,  10).  There  is  no 
need  to  be  concerned  with  alkali  in  the  petroleum  ether 
layer,  for  the  acetone  extract  from  which  the  chlorophyll  has 
been  removed  is  always  free  from  alkali  or  barium  ion  if 
proper  filtration  of  the  sludge  is  accomplished. 

The  petroleum  ether  solution  of  carotene  (practically  pure 
beta-carotene  in  most  green  tissue)  is  then  determined  photo¬ 
metrically  using  the  Cenco  photelometer  as  in  the  case  of 
chlorophyll,  and  a  Corning  No.  554  H.  R.  lantern  blue  pol¬ 
ished  filter  (4.40  mm.  thick).  One-centimeter  cells  were 
used  here  also,  but  thicker  cells  may  be  used  to  increase  the 
sensitivity  of  the  measurement.  Comparison  of  the  results 
with  the  No.  554  filter  and  the  combination  of  Nos.  554  and 
038  recommended  by  Brooke  et  cil.  ( 1 )  showed  that  the  extra 


Table  IV.  Effect  of  Activated  Barium  Hydroxide 
Treatment  on  Recovery  of  Carotene 


Sample 

Concn.  of  Carotene 

Concn.  of  Carotene. 

No. 

in  Control 

in  Treated  Sample 

Variation 

Mg. /I. 

Mg. /I. 

% 

la 

1.05 

1.00 

-4.8 

2a 

1.12 

1.10 

—  1.8 

3a 

1.35 

1.44 

+6.5 

4  b 

1.34(a) 

1.42(a) 

4  b 

1.28(6) 

1.34(6) 

o  50-cc.  samples  of  different  acetone  solutions  of  carotene  (18%  S.  M.  A. 
carotene  in  oil)  were  taken  in  each  case.  Controls  and  treated  samples 
were  duplicates.  Treated  samples  were  refluxed  for  15  minutes  with  1.5 
grams  of  activated  barium  hydroxide.  All  carotene  in  filtrate  was  extracted 
with  petroleum  ether  and  measurements  were  made  with  a  No.  554  falter  in 
petroleum  ether  solution  (final  volume  100  cc.). 

b  A  solution  of  pure  carotene  (1.48  mg.  per  liter)  in  acetone  was  made  up 
and  50  cc.  were  taken  for  the  control  and  50  cc.  for  the  treated  sample. 
These  samples  were  refluxed  for  30  minutes,  then  treated  with  1.5  grams  of 
activated  barium  hydroxide.  The  filtrates  from  these  were  made  up  to  100 
cc.  (dilution  1/2)  and  50  cc.  in  each  case  were  analyzed  for  carotene  (a),  the 
remaining  50  cc.  being  extracted  with  petroleum  ether.  These  extracts 
were  made  up  to  100  cc.  (6)  (dilution  1/4  of  original  concentration)  and  de¬ 
termined.  All  figures  are  given  to  compare  with  original  solution  of  1.48 
mg.  per  liter. 
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filter  did  not  increase  the  sensitivity  of  the  determination, 
but  only  cut  down  the  transmission. 

Figure  2  shows  the  calibration  curve  for  pure  beta-caro¬ 
tene  (S.  M.  A.  crystalline)  solutions  obtained  with  the  No. 
554  filter  using  1-cm.  cells.  Table  IV  indicates  that  the 
activated  barium  hydroxide  does  not  adsorb  or  react  with 
any  of  the  carotene.  Table  V  shows  that  this  method  does 
give  quantitative  measurement  of  the  carotene  in  the  ex¬ 
tract  of  the  fresh  or  dried  tissue. 


Figube  2.  Calibration  Curve  for  Beta-Carotene 

A.  Transmission  curve  for  chlorophyll  in  blue  region  of  spectrum  (using 

No.  554  filter) 


Figure  2,  A,  is  the  transmission  curve  for  an  acetone  solu¬ 
tion  of  pure  chlorophyll  in  the  blue  region  of  the  spectrum 
isolated  from  the  tungsten  lamp  radiation  by  the  No.  554 
filter.  This  is  used  to  correct  for  any  absorption  due  to 
small  amounts  of  chlorophyll  which  may  occasionally  con¬ 
taminate  the  petroleum  ether  solution  of  carotene.  The 
correction,  which  is  rarely  required  with  this  method,  is  as 
follows:  The  amount  of  chlorophyll  in  the  petroleum  ether 
solution  of  carotene  is  determined  by  the  method  described 
above — i.  e.,  by  using  filters  243  and  396.  Then  the  deter¬ 
mination  of  total  per  cent  transmission  in  the  blue  region 
(No.  554  filter)  due  to  both  carotene  and  chlorophyll  is  ob¬ 
tained.  Reference  to  Figure  2,  A,  indicates  the  amount  of 
absorption  due  to  chlorophyll  which  could  be  expected  if  no 
carotene  were  present.  Then  the  true  carotene  value  is  de¬ 
termined  by  using  the  following  formula : 

Tr  T  X  100 
C 

Y  =  true  %  transmission  of  carotene 

T  =  total  %  transmission  of  carotene  and  chlorophyll  in  blue 
spectrum 

C  =  %  transmission  of  chlorophyll  concentration  in  blue  spec¬ 
trum  if  no  carotene  were  present  (obtained  from  Figures 
1  and  2,  A) 


Table  V. 

Recovery  of  Carotene  after  Activated 

Hydroxide  Treatment 

Chlorophyll 

Carotene 

Sample 

Concn. 

Concn. 

Mg./l. 

Mg./l. 

1 

2 

0.0 

0.0 

9  -  89  )  -  jq 
0.54  ) 

3 

0.0 

1.40 

4 

5 

0.0 

0.0 

9  -  89  )  ,  so 
0.63  }  1'5J 

6 

0.0 

1.55 

I.  Carotene  solution  in  acetone  (1.89  mg.  per  liter). 

II.  Two  acetone  extracts  of  alfalfa  (chlorophyll  concentration  ca.  250 
mg.  per  liter). 

III.  85%  acetone. 

Samples  1  and  4,  50  cc.  of  I  and  50  cc.  of  III. 

Samples  2  and  5,  50  cc.  of  II  and  50  cc.  of  III. 

Samples  3  and  6,  50  cc.  of  I  and  50  cc.  of  II. 

50  cc.  in  each  case  were  refluxed  with  1.5  grams  of  activated  barium  hy¬ 
droxide  for  30  minutes.  Filtrates  from  these  were  extracted  with  petroleum 
ether.  Values  are  given  for  petroleum  ether  solutions  (100  cc.  final  volume). 

1  +  2  should  equal  3,  4  +  5  should  equal  6. 


Discussion 

The  method  herein  described  for  the  determination  of 
chlorophyll  is  similar  to  that  of  several  other  investigators 
(3,  6,  9)  in  that  the  chlorophyll  may  be  determined  on  the 
original  extract,  but  it  is  different  in  several  important  points. 
The  spectral  filter  combination  is  more  sensitive  than  that 
employed  in  other  methods,  and  the  use  of  standard  equip¬ 
ment  represents  a  distinct  advantage.  The  use  of  chloro¬ 
phyll  for  the  calibration  instead  of  ethyl  chlorophyllide  is 
very  convenient  and  saves  time  in  calculation. 

The  combination  of  the  methods  for  chlorophyll  and  caro¬ 
tene  illustrates  how  the  use  of  photoelectric  colorimetry  saves 
time  and  increases  the  accuracy  of  analytical  work  in  re¬ 
search.  One  great  advantage  of  the  procedure  is  the  ease 
with  which  the  chlorophyll  is  removed  from  the  pigment  ex¬ 
tract.  This  is  done  in  a  way  which  requires  no  subsequent 
tedious  removal  of  alkali  from  the  resultant  solution  of  caro¬ 
tene.  The  use  of  calcium  hydroxide,  magnesium  hydroxide, 
or  a  solution  of  barium  hydroxide  did  not  give  results  com¬ 
parable  with  those  obtained  from  the  activated  solid  barium 
hydroxide  used  in  this  method.  The  action  of  the  active 
barium  hydroxide  preparation  is  probably  a  combination  of 
adsorption  and  subsequent  saponification  with  the  formation 
of  an  insoluble  barium  derivative  of  chlorophyll. 

The  procedure  employed  for  the  correction  of  chlorophyll 
in  the  petroleum  ether  extract  when  the  amounts  of  chloro¬ 
phyll  are  small  may  be  of  value  to  investigators  using  other 
methods  for  the  extraction  of  carotene.  Its  use  with  the 
method  described  here  is  rarely  necessary. 

Summary 

The  photoelectric  colorimeter  is  used  with  suitably  selected 
filters  to  determine  chlorophyll  in  acetone  extracts  of  plant 
tissue  without  removal  of  other  pigments  and  to  determine 
carotene  in  petroleum  ether  solutions  after  removal  of  all 
other  pigments. 

A  novel  method  for  the  removal  of  chlorophyll  from  ace¬ 
tone  or  alcohol  extracts  of  plant  tissue  has  been  devised.  It 
involves  the  use  of  activated  solid  barium  hydroxide  or 
finely  divided  solid  barium  hydroxide  octahydrate. 

A  method  for  the  correction  of  the  absorption  of  fight  due 
to  chlorophyll  contamination  in  carotene  solutions  is  pre¬ 
sented. 
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Fluidity  of  Cotton  in  Dimethyl  Dibenzyl 
Ammonium  Hydroxide 

Measure  of  Cotton  Degradation 

W.  WALKER  RUSSELL  AND  NORMAN  T.  WOODBERRY,  Metcalf  Laboratory,  Brown  University,  Providence,  R.  I 


IT  IS  now  generally  recognized  that  the  fluidity.  (or  vis¬ 
cosity)  of  a  solution,  prepared  by  carefully  dissolving 
cellulose  in  a  suitable  solvent,  is  the  most  sensitive  means  of 
analysis  for  degradation  in  cellulose.  As  early  as  1911  Ost 
( 22 )  found  that  the  viscosity  of  cellulose  dissolved  in  cupram- 
monium  hydroxide  solution  varied  according  to  the  degree 
of  chemical  modification  of  the  cellulose.  Thus  he  showed 
that  the  viscosity  was  lowered  when  the  cellulose  solute  had 
been  previously  attacked— for  example,  by  mild  oxidation, 
the  action  of  heat,  the  action  of  acids  or  alkalies  at  high 
temperatures.  More  detailed  studies  by  Gibson  and  co¬ 
workers  (15,  16),  Joyner  (18),  Farrow  and  Neale  (14),  and 
especially  Clibbens  and  collaborators  (S,  4,_  5,  7-10)  later 
showed  the  quantitative  relationships  existing  between 
amount  and  type  of  chemical  modification  suffered  by  cot¬ 
ton — e  g.(  due  to  oxycellulose  or  hydrocellulose  formation 
and  the  fluidity  of  the  modified  cotton  in  cuprammonium 
hydroxide  solution.  The  work  cited  has  also  shown  that 
fluidity  measurements  are  capable  of  detecting  and  evaluat¬ 
ing  chemical  degradation  in  cellulose  where  other  methods 

It  is  unfortunate  that  the  difficulties  associated  with  the 
preparation  and  use  of  the  cuprammonium  hydroxide  solu¬ 
tion,  according  to  standard  methods  (1,  7,  10,  17,  20),  have 
tended  to  prevent  the  fluidity  method  from  coming  into  the 
general  use  which  it  merits  as  an  analytical  and  control 
method  in  the  many  industries  where  the  quality  of  the  cellu¬ 
lose  used  or  produced  is  important.  According  to  such  stand¬ 
ard  methods  the  cuprammonium  hydroxide  solution  is  tedious 
to  prepare,  must  be  adjusted  to  a  definite  copper,  am¬ 
monia,  and  nitrite  content,  and  then  must  be  preserved  m 
the  dark,  under  an  atmosphere  of  nitrogen,  near  a  tempera¬ 
ture  of  20°  C.  Furthermore,  the  cellulose  must  be  dissolved 
by  agitation  with  this  solvent  out  of  contact  with  the  air  for 
periods  up  to  24  hours,  during  which  time  the  temperature 
should  not  vary  much  from  20°  C.  Also,  because  the  subse¬ 
quent  fluidity  measurement  must  be  conducted  without  con¬ 
tact  with  air,  it  is  usually  impossible  to  obtain  check  meas¬ 
urements  upon  a  single  solution. 

Fabel  (12),  however,  has  reported  a  rapid  cuprammonium 
fluidity  method  of  limited  applicability  in  which  no  effort 
is  made  to  exclude  air,  and  it  is  understood  that  further 


modifications  of  standard  methods  are  in  use  in  technical 
practice.  The  degree  of  chemical  modification  of  cellulose 
has  also  been  measured  by  nitrating  cellulose  and  determin¬ 
ing  the  fluidity  of  its  acetone  solution  (11,  21).  The  vis¬ 
cosity  of  cellulose  may  be  measured  in  phosphoric  acid  solu¬ 
tion  (26),  but  here  measurements  are  complicated  by  the 

relatively  rapid  rate  at  which  hydrolysis  occurs. 

Some  quaternary  organic  bases  are  known  to  be  cellulose 
solvents.  Furthermore,  Lieser  (19)  has  found  that  the 
minimum  concentration  of  base  necessary  to  dissolve  cellu¬ 
lose  decreases  almost  linearly  as  the  molecular  weight  of  the 
organic  base  increases.  Since  very  stable  quaternary  com¬ 
pounds  (24)  of  relatively  high  molecular  weight  and  strong 
basic  properties  are  now  commercially  available  (the  Tritons 
manufactured  by  Rohm  &  Haas  Co.,  Philadelphia,  Penna.), 
it  was  thought  desirable  to  investigate  the  possibility  of  sub¬ 
stituting  at  least  one  of  them  for  the  cuprammonium  hy¬ 
droxide  solvent  in  the  fluidity  evaluation  of  chemically 
modified  celluloses.  Because  of  the  unique  properties  (13,  22) 
which  have  been  attributed  to  cuprammonium  as  a  cellulose 
solvent,  it  was  by  no  means  certain  that  such  a  substitution 
could  be  made.  However,  on  the  basis  of  a  considerable 
number  of  experiments  in  which  dimethyl  dibenzyl  ammo¬ 
nium  hydroxide  (Triton  F)  has  been  used  in  place  of  cupram¬ 
monium  hydroxide,  it  appears  that  this  substitution  can  be 
made  with  considerable  success;  the  fluidity  method  then 
becomes  a  very  simple  and  relatively  rapid  method  of  cellu¬ 
lose  analysis. 


Apparatus 

Viscometer.  The  viscometers  used  were  of  the  type  de¬ 
scribed  by  Cannon  and  Fenske  (6)  in  their  Figure  1.  This  vis- 
cometer  is  designed  so  that  there  is  no  appreciable  kinetic  energy 
correction  for  liquids  having  viscosities  of  2  eentistokes  or  more, 
and  in  the  present  work  the  solutions  exhibited  values  of  at  least 
23  eentistokes.  Furthermore,  other  viscometer  errors  (loading, 
drainage,  surface  tension,  etc.)  are  negligible  for  ordinary  work. 
All  the  fluidities  reported  here  were  measured  with  a  viscometer 
capillary  of  1.8-mm.  bore.  .  ,. 

Three  standard  substances  were  used  in  calibrating  the  vis¬ 
cometer  at  25°  C.  Aniline,  boiling  at  184°  ±  0.2  C.,  whose 
density  was  determined  to  be  1.0175  at  25°  C.  (1.0173,  Inter¬ 
national  Critical  Tables)  was  assumed  to  have  a  viscosity  of 
3.77  centipoises  (27).  This  aniline  was  used  to  calibrate  a  similar 
viscometer,  whose  capillary  was  1  mm.  in  diameter,  which  was 
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used  to  standardize  a  highly  purified  petroleum  oil  and  also  a 
glycerol  solution  described  below.  These  solutions  were  then 
used  to  calibrate  the  larger  capillary  viscometer.  This  vis¬ 
cometer  was  also  calibrated  directly  with  two  standard  liquids. 
Reagent  grade  glycerol  was  diluted  with  deaerated  distilled  water 
to  an  apparent  specific  gravity  at  25°/25°  C.  of  1.20824,  corre¬ 
sponding  to  79.63  per  cent  of  glycerol  and  a  viscosity  of  44.07 
centipoises  (25).  The  other  liquid  used  for  calibration  was  an 
aqueous  solution  of  reagent  grade  sucrose  made  up  to  contain 
59.97  per  cent  of  sucrose  by  weight.  The  density  of  this  solu¬ 
tion  was  determined  to  be  1.28450  at  25°  C.  which  corresponds  to 
a  60.08  per  cent  sucrose  solution  and  a  viscosity  of  44.02  centi¬ 
poises  (2). 

These  standard  liquids,  in  the  order 
mentioned,  gave  the  following  vis¬ 
cometer  constants  at  25°  C.:  0.01009, 

0.01010,  0.01027,  and  0.01002,  or 
an  average  constant  of  0.01012  which 
was  the  value  used.  All  viscometer 
measurements  were  carried  out  in 
a  mechanically  stirred  glass  thermo¬ 
stat  whose  temperature  was  manually 
maintained  at  25°  =*=  0.1°  C.  Time 
was  taken  with  split-second  stop 
watches  calibrated  against  a  syn¬ 
chronous  motor  timer. 

Apparatus  for  Dissolving  the 
Cellulose  Sample.  As  is  clear 
from  Figure  1,  the  cellulose  is  dis¬ 
solved  in  a  shortened  test  tube  about 
80  mm.  deep  and  18  mm.  wide  by 
rapid  stirring  with  a  glass  rod  5  mm. 
in  diameter,  bent  as  shown  to  re¬ 
volve  almost  in  contact  with  the 
inner  test  tube  walls.  The  glass 
stirrer  is  directly  attached  to  the 
shaft  of  a  small  stirring  motor  whose 
speed  is  regulated  by  a  sliding  rheo¬ 
stat.  The  temperature  of  the  solu¬ 
tion  may  be  readily  controlled  by 
immersing  the  test  tubes  in  a  water 
bath  during  the  dissolving  operation. 

Materials 

Solvent.  The  source  of  di¬ 
methyl  dibenzyl  ammonium  hydroxide 
was  the  commercial  product  Triton 
F,  which  initially  had  a  concentra¬ 
tion  of  about  1.8  N  and  was  concen¬ 
trated  to  about  2  A  by  removing 
water  by  vacuum  distillation  below 
60°  C.  The  exact  strength  of  the  concentrate  is  determined  by 
diluting  a  known  amount  with  water  and  then  titrating  with 
0.5  N  hydrochloric  acid,  using  methyl  red  as  indicator.  To  the 
concentrate  is  now  added  the  required  amount  of  distilled  water 
to  bring  the  dimethyl  dibenzyl  ammonium  hydroxide  to  a  strength 
of  1.96  =*=  0.01  N.  Used  solvent  is  recovered  by  precipitating 
the  cellulose  by  cautious  acidification  with  a  measured  amount 
of  normal  sulfuric  acid,  and  then  filtering.  The  clear  acid  solu¬ 
tion  is  now  treated  with  an  amount  of  0.2  N  barium  hydroxide 
solution  equivalent  to  the  sulfuric  acid  added,  in  order  to  pre¬ 
cipitate  the  sulfate  ion  quantitatively. 

After  the  barium  sulfate  has  settled,  small  portions  of  the  clear 
liquid  are  acidified  and  treated  with  either  sulfate  or  barium  ion. 
If  a  precipitate  is  obtained  in  either,  small  additions  of  sulfuric 
acid  or  barium  hydroxide  solutions  are  made  to  the  main  solution 
until  the  clear  point  is  reached.  After  filtering  off  the  barium 
sulfate  on  a  fine  paper,  using  mild  suction,  the  clear  dilute  solution 
is  concentrated  by  vacuum  distillation  as  explained  above.  To 
prevent  bumping  during  this  operation  a  very  slow  stream  of  air 
bubbles,  filtered  through  Ascarite,  is  admitted  beneath  the  liquid 
surface  in  the  distillation  flask.  Any  slight  precipitate  separating 
during  the  concentration  is  filtered  off  with  suction  on  an  asbestos 
filter. 

Cotton  Samples.  All  the  samples  of  cotton,  with  the  excep¬ 
tion  of  two,  used  in  this  work  were  bleached  and  finished  broad¬ 
cloths  (furnished  through  the  courtesy  of  H.  I.  Huey  of  the 
Sayles  Finishing  Plants,  Inc.,  Saylesville,  R.  I.)  of  three  different 
grades  (both  in  the  original  condition  and  after  numerous  com¬ 
mercial  launderings),  whose  cuprammonium  fluidities  had  been 
determined  by  standard  procedure  (7,  10,  17)  in  the  laboratory 
of  a  large  industrial  chemical  company.  Of  the  two  other  samples 
(furnished  through  the  courtesy  of  D.  J.  Campbell  of  E.  I.  du 
Pont  de  Nemours  &  Co.,  Inc.,  Niagara  Falls,  N.  Y.)  of  known 
cuprammonium  fluidity,  one  was  a  fabric  and  the  other  a  yarn. 


Figure  1.  Ap¬ 
paratus  for  Dis¬ 
solving  Cotton 
Sample 


When  present,  starch  was  removed  from  the  cotton  samples  by 
steeping  with  a  starch-removing  enzyme  below  50°  C.  Tensile 
strength  tests  were  made  upon  the  broadcloth  samples  after  they 
had  been  treated  with  1  per  cent  sodium  hydroxide  solution, 
washed,  dried,  and  conditioned.  The  sodium  hydroxide  treat¬ 
ment  was  carried  out  by  completely  submerging  the  cotton  for 
6  hours  at  95°  C.  in  a  relatively  large  volume  of  the  alkali. 


Method 

In  order  to  prevent  the  formation  of  gelatinous  masses 
which  dissolve  slowly,  it  is  essential  that  the  cotton  sample 
be  finely  divided. 


Fabric  disks  a  few  millimeters  in  diameter,  punched  from 
various  parts  of  the  fabric,  or  comparable  yarn  lengths,  are  teased 
apart  into  their  individual  threads.  Enough  of  these  threads 
are  taken  to  prepare  a  0.5  per  cent  solution  of  anhydrous  sample, 
allowing  6  per  cent  for  the  cotton  moisture  content.  Thus  in  the 
present  work  a  sample  of  prepared,  air-dry  threads  weighing 
0.0529  gram  was  used  because  the  pipet  when  calibrated  with 
the  1.96  N  solvent  was  found  to  deliver  9.953  ml.  The  charge 
of  1.96  TV  dimethyl  dibenzyl  ammonium  hydroxide  is  pipetted  into 
the  dry  test  tube,  the  weighed  sample  of  threads  added,  the  tube 
carefully  aligned  in  a  clamp  so  that  the  revolving  stirrer  does  not 
strike  the  tube  walls,  and  the  motor  speeded  up  as  much  as 
possible  without  allowing  air  to  be  drawn  into  the  solution.  It 
is  probably  best  to  keep  the  temperature  of  the  solution  between 
20°  and  25°  C.  during  the  stirring — for  example,  by  immersing 
the  tubes  in  a  water  bath.  Each  cotton  thread  soon  becomes 
the  nucleus  of  a  small  individual  gel  particle.  The  dissolving 
samples  are  inspected  every  15  minutes  and  as  soon  as  the  last 
gel  particle  has  dissolved,  leaving  a  bright,  transparent  solution, 
the  stirring  is  stopped.  The  highest  fluidity  samples  required 
about  0.5  hour  and  the  lowest,  about  2.5  hours  for  solution.  After 
loading  with  the  solution  in  the  test  tube,  the  viscometer  is 
vertically  aligned  in  the  thermostat  which  is  maintained  at 
25°  =*=  0.1°  C.  After  10  to  15  minutes  several  efflux  times  are 
measured,  and  the  average  time  used  in  computing  the  fluidity  or 
viscosity. 


In  the  present  work  the  efflux  times  of  the  cellulose  solu¬ 
tions  covered  a  range  of  20  to  300  seconds.  The  efflux  time 
for  the  1.96  N  solvent  alone  varied  from  7.7  to  7.9  seconds 
with  different  lots  of  solvent,  including  lots  several  times 
recovered.  As  in  the  cuprammonium  method,  no  allowance 
has  been  made  here  for  solvent  fluidity  in  calculating  cellu¬ 
lose  solution  fluidities.  However,  in  computing  the  specific 
viscosities  the  solvent  viscosity  is  taken  into  consideration. 

If  the  cellulose  solution  contains  even  a  slight  amount  of 
suspended  matter,  a  slight  downward  drift  in  successive 
efflux  times  may  be  observed  on  a  given  sample  as  solid  par¬ 
ticles  settle  out  principally  upon  the  lower  portions  of  the 
viscometer  bulb  wralls.  However,  such  an  effect  has  been 
observed  only  in  the  case  of  certain  low-fluidity  cottons  where 
the  efflux  times  are  relatively  long  and,  therefore,  the  fluidi¬ 
ties  substantially  unaffected  by  the  phenomenon.  If  bubble 
films  formed  in  the  lower  viscometer  reservoir  chamber, 
slightly  higher  efflux  times  were  observed. 

The  following  formulas  wrere  employed : 


co  =  Cpt  =  0.01088£ 
v  =  1.088 1 


Specific  viscosity 


77  solution  —  ??  solvent 
t?  solvent 


,  11  91.92 

CO  Cpt  t 

where  co  =  viscosity  in  poises 

C  =  viscometer  constant 

p  =  the  density  of  the  solution  in  grams  per  cc. 
t  =  the  efflux  time  in  seconds 
ri  =  viscosity  in  centipoises 
/  =  fluidity  in  reciprocal  poises 
77  cuprammonium  =  1.4 
77  Triton  =  8.4 
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Figure  2.  Fluidity-Viscosity  Relationships 

idit.v  in  recinrocal  Doises 

r )  solvent^ 


#.  Fluidity  in  reciprocal  poises 
/  V  solution 

O.  Specific  viscosity  (  - 


r?  solvent 


figures,  which  assume  a  fabric  strength  of  100 
for  the  original  condition  of  a  sample. 

Figure  2  shows,  in  the  upper  curve,  the 
relation  which  was  found  between  the  stand¬ 
ard  cuprammonium  fluidities  and  the  Triton 
F  fluidities,  each  of  the  latter  multiplied  by 
10.  It  appears  that  in  the  cuprammonium 
fluidity  region  of  4  to  25,  the  relation  is  ade¬ 
quately  represented  by  a  straight  line  whose 
slope  is  one.  Although  the  experimental 
points  scatter  more  in  the  higher  fluidities,  it 
seems  clear  that  this  curve  tends  to  flatten 
out  somewhat  here.  Table  II  allows  the 
experimental  results  to' be  compared  on  a 
viscosity  basis  using  the  centipoise  as  the  unit. 
The  specific  viscosities,  given  in  the  last  two 
columns,  afford  a  fairer  basis  of  comparison. 
When  these  values  are  plotted  as  the  lower 
curve  in  Figure  2,  they  fall  very  nearly  on  a 
straight  line  whose  slope  is  0.5. 

Figure  3  portrays  the  nearly  linear  relation 
found  to  exist  between  the  Triton  fluidity  in¬ 
crements  and  the  fabric’s  percentage  decrease 
in  tensile  strength  after  hot-steeping  in  1  per 
cent  sodium  hydroxide  solution.  Such  steep¬ 
ing  (11)  has  been  found  necessary  if  tensile 
strengths  of  chemically  modified  celluloses 
are  to  be  really  significant. 


Table  I.  Experimental  Results 

Fluidity  Increase  in  Fluidity 

Cupram-  Triton  Cupram- 

Relative 

Tensile 

pie 

State 

monium 

X  10 

momum 

Inton 

Strength 

Reciprocal  poises 

3.8  3.3 

Reciprocal  poises 

100 

b 

10.2 

10.0 

6.4 

6.7 

83 . 5 

15.0 

13.  1 

11.2 

9.8 

79.9 

d 

24.2 

26.7 

20.4 

23.4 

64.1 

II 

7.2 

7.0 

100 

b 

14.0 

12.9 

6.8 

5.9 

99.0 

17.8 

17.0 

10.6 

10.0 

87.8 

d 

28.5 

28.0 

21.3 

21.0 

67.9 

II 

22.2 

19.9 

100 

b 

28.5 

27.8 

6.3 

7.9 

94.5 

24.2 

30.9 

2.0 

11.0 

86.2 

d 

32.2 

39.4 

10.0 

19.5 

68.9 

IV 

a 

5.3 

4.8 

V 

a 

25.2 

25.3 

For  the  viscometer  used  (capillary  bore  1.8  mm.),  C  — 
0.01012.  All  the  cellulose  solutions  studied  had  a  density 
of  1.075  ±  0.002  at  25°  C. 

Results 

The  experimental  results  are  summarized  in  Tables  I  and 
II.  All  samples  were  cotton  fabrics  except  IV,  which  was  in 
yarn  form.  The  second  column  shows  that  the  samples 
were  examined  not  only  in  their  original  bleached  and  finished 
condition,  a,  but,  in  the  cases  of  samples  I  to  III,  also  in  three 
other  states  of  further  cellulose  modification.  The  treat¬ 
ments  to  produce  states  b,  c,  and  d  were  comparable  for  the 
different  samples  and  consisted  in  subjecting  original  por¬ 
tions  of  each  sample  to  a  definite  series  of  laundering  opera¬ 
tions  at  three  commercial  laundries.  In  Table  I  the  third 
column  gives  the  standard  cuprammonium  fluidities,  while 
the  fourth  column  shows  the  dimethyl  dibenzyl  ammonium 
hydroxide  fluidities  in  poises,  each  multiplied  by  ten.  Each 
of  the  latter  values  is  the  average  of  two  or  more  measure¬ 
ments.  The  precision  of  these  measurements,  calculated 
from  the  average  deviation  from  the  mean,  averages  2.2 
parts  per  hundred.  The  fifth  and  sixth  columns  indicate 
the  increases  in  fluidity,  by  both  methods,  which  resulted 
from  the  above-mentioned  detergent  treatments.  In  the 
last  column  are  found  the  comparable  relative  tensile  strength 


Discussion 

In  order  to  obtain  a  rapid  and  complete  solution  of  cotton 
cellulose  in  dimethyl  dibenzyl  ammonium  hydroxide  it  is  of 
primary  importance  that  the  solvent  be  adjusted  accurately 
to  the  strength  at  which  it  has  a  maximum  dissolving  power 
for  the  cellulose,  that  the  cellulose  sample  be  finely  divided, 
and  that  the  dissolving  mixture  be  efficiently  stirred.  It 
was  known  (23)  that  Triton  F  exhibited  a  solubility  maximum 
for  cellulose  around  2  N.  From  numerous  preliminary  ex¬ 
periments  in  which  time,  temperature,  and  stirring  methods 
as  well  as  solvent  concentration  were  varied,  it  was  found 
that  a  Triton  F  concentration  of  1.96  =*=  0.01  N  is  most  effi¬ 
cient.  In  contrast  to  cuprammonium  hydroxide  the  Triton 
F  solvent  is  stable,  if  ordinary  precautions  are  taken,  but 
its  cellulose  solution  is  somewhat  affected  by  air.  For  ex¬ 
ample,  a  sample  which  showed  a  fluidity  of  13.1  a  half  hour 
after  the  completion  of  a  2-hour  dissolving  period,  gave  a 
value  of  13.5  after  standing  an  additional  hour,  and  a  value 
of  13.8  after  a  further  hour.  A  sample  which  showed  a 
fluidity  of  3.4  within  a  half  hour  after  the  completion  of  dis¬ 
solving  rose  to  a  value  of  4.5  after  standing  for  12  hours  in 
the  viscometer.  Therefore,  it  is  recommended  that  fluidi¬ 
ties  be  measured  within  a  half  hour  after  solution  is  com¬ 
plete.  However,  since  results  reproducible  within  the  limits 


Table  II.  Experimental  Results 


Sam¬ 

ple 

State 

, - Viscosity- 

Cuprammonium 

Triton 

Specific  Viscosity 
Cuprammonium  Triton 

i 

Centipoises 

26  306 

17 

35.4 

b 

9.8 

100 

5.9 

10.9 

6.7 

76.3 

3.7 

8. 1 

d 

4.1 

37.5 

1.9 

3 . 5 

ii 

14 

144 

8.7 

16.1 

7.1 

77.5 

4.0 

8.2 

5.6 

58.8 

2.9 

6.0 

d 

3.5 

35.7 

1.5 

3.3 

hi 

4.5 

50.3 

2.2 

5. 0 

b 

3.5 

36.0 

1.5 

3.3 

4.1 

32.4 

1.9 

2.9 

d 

3.1 

25.4 

1.2 

2.0 

IV 

19 

209 

12 

23.9 

V 

a 

4.0 

39.5 

1.8 

3.7 

154 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  3 


indicated  were  obtained  without  working  in  an  inert  atmos¬ 
phere,  or  otherwise  limiting  the  effect  of  air,  this  complica¬ 
tion  has  not  been  introduced  in  the  present  method.  The 
effect  of  air  in  increasing  the  fluidity  of  the  cellulose  solu¬ 
tion,  particularly  during  the  dissolving  operation,  is  now  be¬ 
ing  studied. 

Because  the  1.96  N  Triton  F  has  a  fluidity  of  about  11.9 
while  the  cuprammonium  hydroxide  solvent  has  a  value  of 
about  70  ( 9 ),  a  fairer  evaluation  of  the  relative  behaviors  of 
these  two  solvents  is  afforded  by  a  comparison  of  specific 
fluidities  or  specific  viscosities.  From  the  data  already  con¬ 
sidered  it  is  seen  that  the  Triton  specific  viscosities,  for  all 
the  samples  studied,  are  twice  the  cuprammonium  specific 
viscosities,  within  an  average  relative  error  of  8  per  cent. 
Therefore,  it  appears  from  this  comparison  of  solute  vis¬ 
cosities  that  cotton  cellulose  of  the  types  studied  is  dis- 


Fluidity  units  are  reciprocal  poises  X  10. 

O.  Sample  I  Q.  Sample  II  ©.  Sample  III 

solved  by  dimethyl  dibenzyl  ammonium  hydroxide  with 
less  degradation  than  is  the  case  with  cuprammonium  hy¬ 
droxide  solution.  This  is  an  important  advantage  in  a 
method  for  the  evaluation  of  modified  celluloses.  In  the 
cuprammonium  fluidity  region  of  4  to  25  it  is  clear  from  Fig¬ 
ure  2  that  there  is  also  an  essentially  linear  relation  between 
cuprammonium  solution  fluidity  values  and  Triton  solution 
fluidity  values.  Furthermore,  it  is  evident  from  Table  I 
that  Triton  fluidity  values  in  reciprocal  poises  when  multi¬ 
plied  by  10  give  cuprammonium  values  in  the  same  units 
within  an  average  relative  error  of  9  per  cent.  When  both 
fluidity  methods  have  been  more  rigidly  standardized  still 
better  agreement  is  to  be  anticipated. 

Tensile  strength  measurements  have  long  been  recognized 
as  practical  means  of  ascertaining  the  extent  of  degradation 
of  cellulose  when  in  yarn  or  woven  form.  If  the  alkali-solu¬ 
ble  decomposition  products  of  cellulose  are  first  removed, 
tensile  strength  becomes  a  much  more  accurate  measure  of 
chemical  modification  in  cellulose,  providing  mechanical 
damage  is  negligible.  Thus  proper  tensile  strength  measure¬ 
ments  offer  an  independent  means,  quite  apart  from  cupram¬ 
monium  fluidity  comparisons,  for  evaluating  the  significance 
of  the  Triton  fluidity  values.  It  is  clearly  evident  from 
Figure  3  that  nearly  linear  relations  exist  between  increase 
in  Triton  fluidity  and  the  degree  of  cellulose  degradation  as 
measured  by  decrease  in  relative  tensile  strength.  A  similar 
relation  has  been  found  (10)  in  the  case  of  yarns  (attacked 
by  both  acids  and  hypochlorite  solutions)  between  per  cent 


loss  in  strength  and  fluidity  determined  by  the  cuprammonium 
method.  Therefore,  on  the  basis  of  comparison  both  with 
the  cuprammonium  fluidity  values  and  with  the  tensile 
strength  measurements,  it  is  concluded  that  in  the  cases 
studied  the  fluidity  (or  viscosity)  of  a  cotton  sample  in  1.96 
N  Triton  F  solution  is  a  sensitive  quantitative  measure  of 
the  degree  of  modification  of  the  cellulose  dissolved  therein. 
However,  until  more  is  learned  about  any  effects  which 
slight  variations  (not  directly  related  to  basicity)  in  Triton 
F  composition  can  have  upon  cellulose  fluidity,  it  is  recom¬ 
mended  that  each  lot  of  Triton  F  after  concentration  to  1.96 
N  be  checked  in  its  behavior  with  cellulose  of  known  cupram¬ 
monium  fluidity  or  cellulose  whose  extent  of  degradation  is 
known.  It  is  hoped  to  extend  this  investigation  over  a 
wider  range  of  fluidities  and  to  celluloses  modified  by  other 
means. 

Summary 

The  different  samples  of  bleached  cotton  cellu¬ 
lose  examined  were  found  to  dissolve  readily  in  di¬ 
methyl  di  benzyl  ammonium  hydroxide  (commercially 
known  as  Triton  F)  to  produce  solutions  whose 
fluidities  (or  viscosities)  are  a  measure  of  the  extent 
to  which  the  cellulose  has  been  modified.  For  the 
celluloses  studied  the  Triton  fluidities  are  very  nearly 
a  tenth,  and  the  Triton  specific  viscosities  very 
nearly  twice  the  corresponding  cuprammonium  hy¬ 
droxide  values.  The  Triton  method  is  simpler  and 
more  rapidly  carried  out  than  standard  cuprammonium 
methods. 
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Figure  3.  Relation  between  Triton  Fluidity  Increments  and 
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New  Applications  of  the  Silver  Reductor 

Determination  of  Uranium  and  Copper 
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THE  silver  reductor  coupled  with  oxidation  by  ceric  sul¬ 
fate,  using  o-phenanthroline  ferrous  complex  indicator, 
has  been  applied  in  the  determination  of  iron  (5)  and  molyb¬ 
denum  (J).  The  advantages  of  this  method  (rapid  and  selec¬ 
tive  reduction,  the  convenience  of  the  use  of  the  reductor 
column,  and  the  sharpness  and  reproducibility  of  the  end 
points)  have  led  the  authors  to  investigate  its  further  applica¬ 
tions.  They  have  found  that  uranium  and  copper,  respec¬ 
tively,  are  reduced  quantitatively  in  the  silver  reductor  under 
proper  conditions;  the  reduced  solutions  are  titrated  with 
ceric  sulfate  using  o-phenanthroline  ferrous  complex  indicator. 


Determination  of  Uranium 

• 

Uranium  is  usually  determined  volumetrically  by  reduction 
in  the  Jones  reductor  followed  by  titration  with  potassium 
permanganate.  As  is  well  known,  uranium  is  partially  re¬ 
duced  below  the  quadrivalent  state,  but  never  quantitatively 
to  the  trivalent,  in  the  Jones  reductor.  However,  a  few  min¬ 
utes’  aeration  prior  to  the  titration  ensures  quantitative  re¬ 
oxidation  to  the  quadrivalent  state.  Uranium  is  quantita¬ 
tively  reduced  in  the  silver  reductor  to  the  quadrivalent 
state.  The  reduced  solution  may  then  be  titrated  with  ceric 
sulfate  using  o-phenanthroline  ferrous  complex  as  the  indica¬ 
tor. 


Materials.  Approximately  0.1  M  ceric  sulfate  solution  was 
prepared  from  ceric  ammonium  sulfate  by  solution  of  the  salt  in 
1  M  sulfuric  acid.  It  was  standardized  against  Bureau  of  Stand¬ 
ards  sodium  oxalate  by  the  method  of  Walden,  Hammett,  and 

Chapman  (4).  A  ,  . 

Approximately  0.02  M  potassium  permanganate  prepared  in 
the  usual  way  was  standardized  against  Bureau  of  Standards 
sodium  oxalate  and  also  checked  against  the  ceric  sulfate  through 

ferrous  sulfate.  ...  u 

An  aqueous  uranyl  sulfate  solution,  approximately  O.Oo  M, 
was  prepared  from  c.  p.  uranyl  acetate  which  was  free  from  de¬ 
tectable  amounts  of  iron,  vanadium,  and  molybdenum.  The 
salt  was  treated  with  a  large  excess  of  concentrated  sulfuric  acid 
plus  a  small  amount  of  concentrated  nitric  acid  and  evaporated 
to  sulfur  trioxide  fumes.  The  nitric  acid  treatment  was  repeated 
and  the  mixture  was  finally  heated  until  almost  all  the  sulfuric 
acid  had  been  expelled.  Enough  water  was  then  added  to  make 
an  approximately  0.05  M  solution.  The  solution  was  standard¬ 
ized  gravimetrically  by  diluting  three  25.00-ml.  portions  to  150 
ml  precipitating  the  uranium  as  ammonium  uranate,  and  ig¬ 
niting  the  precipitate  to  U308.  The  weights  found  were  0.3507, 
0.3507,  and  0.3511  gram  of  U308,  corresponding  to  0.01190  gram 
of  uranium  per  ml.  It  was  also  standardized  by  reduction  in  the 
Jones  reductor  and  titration  with  permanganate  following 
the  method  given  by  Hillebrand  and  Lundell  (3).  The  results 
of  three  determinations  on  25.00-ml.  portions  were  0.2983, 
0.2984,  and  0.2985  gram  of  uranium,  corresponding  to  0.01194 
gram  of  uranium  per  ml. 

All  chemicals  used  were  reagent  grade.  Calibrated  apparatus 
was  used  throughout  the  investigation. 


Action  of  Uranium  in  the  Silver  Reductor.  Sexi- 
valent  uranium  in  1  M  hydrochloric  acid  is  not  reduced  in  the 
silver  reductor.  Consideration  of  the  oxidation  potentials 


U02++  +  4H30+  +  2e  ±5  U++++  +  6H20 

Furthermore,  increasing  the  chloride-ion  concentration 
should  lower  the  potential  of  the  silver-silver  chloride  reduc¬ 
tor.  In  agreement  with  these  considerations  the  authors  have 
found  that  as  the  concentration  of  hydrochloric  acid  is  in¬ 
creased  the  reduction  to  quadrivalent  uranium  becomes  more 
nearly  complete.  In  4  M  hydrochloric  acid  at  60°  to  90°  C. 
the  reduction  to  the  quadrivalent  state  is  quantitative.  The 
following  procedure  was  finally  developed  in  which  the  ura¬ 
nium  in  hot  4  M  hydrochloric  acid  is  reduced  to  the  quadri¬ 
valent  state  in  the  silver  reductor  and  reoxidized  with  ceric 
sulfate  in  the  presence  of  phosphoric  acid,  using  o-phenanthro¬ 
line  ferrous  complex  as  indicator. 

Method  of  Analysis.  The  silver  reductor  is  similar  to  that 
described  by  Walden,  Hammett,  and  Edmonds  (5).  Fifty 
milliliters  of  solution  containing  from  0.1  to  0.4  gram  of  uranium 
were  made  4  M  with  respect  to  hydrochloric  acid  and  the  solu¬ 
tion  was  heated  to  60°  to  90°  C.  If  much  less  than  0.1  gram  of 
uranium  is  present  the  titration  has  to  be  made  with  0.02  M  ceric 
sulfate.  Titrations  with  such  dilute  ceric  sulfate  are  unsatis¬ 
factory,  for  the  end  point  is  difficult  to  discern  and  the  blank  cor¬ 
rection  variable  and  large.  Fryling  and  Tooley  (2)  have  shown 
that  in  cold  1  M  hydrochloric  acid  sufficient  hydrogen  peroxide 
is  formed  in  the  silver  reductor  to  interfere  in  the  microdeter¬ 
mination  of  iron.  In  hot  4  M  hydrochloric  acid  the  formation 
of  peroxide  is  apparently  greater  than  in  cold  more  dilute  acid. 
However,  with  amounts  of  uranium  over  50  mg.  and  using  0.1  M 
ceric  sulfate  for  the  titration,  the  end  point  is  sharp  and  the  re¬ 
sults  are  accurate. 

The  solution  was  then  passed  through  the  silver  reductor, 
which  had  been  preheated  with  hot  4  M  hydrochloric  acid,  at 
the  rate  of  20  ml.  per  minute.  The  reduced  solution  was  caught 
in  a  400-ml.  beaker  and  the  reductor  column  washed  with  150 
ml  of  hot  4  M  hydrochloric  acid.  The  rate  of  passage  through 
the  reductor  of  the  last  100  ml.  of  wash  liquid  was  increased. 

Willard  and  Young  ( 6 )  have  shown  that  quadrivalent  uranium 
may  be  titrated  with  ceric  sulfate  using  o-phenanthroline  ferrous 
complex  as  the  indicator  provided  that  the  titration  be  carried 
out  at  50°.  The  authors  have  found  that  titrations  in  hot  solu¬ 
tion  using  this  indicator  are  unsatisfactory.  The  indicator  dis¬ 
sociates  rapidly  at  50°,  so  that  the  pink  color  fades  perceptibly 
long  before  the  end  point  is  reached.  In  fact,  in  some  titrations 
where  the  approximate  titer  was  not  known  and  the  ceric  sulfate 
had  to  be  added  slowly,  the  color  faded  entirely,  and  it  was  usu¬ 
ally  necessary  to  add  more  indicator  near  the  end  of  the  titration. 
The  titration  at  room  temperature  is  unsatisfactory,  apparently 
because  of  the  slowness  of  the  reaction  between  ceric  ion  and 
quadrivalent  uranium.  The  authors  have  found,  however,  that 
in  the  presence  of  a  small  amount  of  phosphoric  acid  the  reaction 
is  rapid  and  the  end  point  sharp. 

Therefore,  after  passage  through  the  reductor  the  solution  was 
cooled,  3  ml.  of  85  per  cent  phosphoric  acid  and  one  drop  of  0.025  M 
o-phenanthroline  ferrous  complex  indicator  solution  were 
added,  and  the  solution  was  titrated  with  0.1  M  ceric  sulfate. 
When  the  solution  cools  a  precipitate  of  silver  chloride  usually 
forms  but  it  in  no  way  interferes  with  the  detection  of  the  end 
point.  At  the  end  point  a  fraction  of  a  drop  of  the  oxidant 
sharply  bleaches  the  pink  color  of  the  solution. 

Blank  determinations  were  made  on  all  materials  used.  Cor- 
rections  varying  between  0.02  and  0.09  ml.  of  the  0.1  M  ceric  sul- 
fate  solution  were  required. 


E° uo,Wu+  +  +  +  =  0.358  volt;  E°M ci/a*  =  0.2245  volt 

indicates  that  reduction  should  be  quantitative.  At  60°  to 
90°  C.  there  is  slight  reduction,  equivalent  to  a  few  drops  of 
0.1  M  ceric  sulfate.  Increasing  the  acidity  should  increase 
the  uranyl  potential,  since  the  reaction  involves  oxonium  ion: 


Experimental  Results.  The  uranyl  sulfate  solution 
(25.00-ml.  portions),  which  had  been  standardized  as  de¬ 
scribed  above,  was  analyzed  for  uranium  by  the  silver  reduc- 
tor-ceric  sulfate  method,  with  the  following  results:  found, 
0.2978,  0.2982,  0.2985,  and  0.2970  gram  (average  0.2979)  of 


155 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  3 


136 

uranium;  average  deviation,  1.7  parts  per  1000;  taken 
(gravimetric)  0.2970  gram  of  uranium,  (Jones  reductor-per- 
manganate)  0.2984  gram  of  uranium. 

Ten-milliliter  portions  were  also  analyzed  with  these  re¬ 
sults:  found,  0.1189,  0.1190,  and  0.1196  gram  of  uranium; 
average  deviation,  2.5  parts  per  1000;  taken  (calculated  from 
the  gravimetric)  0.1190  gram  of  uranium,  (calculated  from 
Jones  reductor-permanganate)  0.1194  gram  of  uranium. 

Effect  of  Acetic  Acid.  Large  amounts  of  acetic  acid 
have  no  effect  on  the  determination  of  uranium  with  the  silver 
reductor.  Thus  with  1,  5,  and  10  ml.  of  glacial  acetic  acid 
present  in  50  ml.  of  4  M  hydrochloric  acid  solution  containing 
the  uranium,  there  was  found  0.2970,  0.2967,  and  0.2973 
gram  of  uranium,  average  deviation  0.7  part  per  1000,  as 
compared  with  0.2979  gram  in  the  absence  of  acetic  acid. 

Effect  of  Small  Amounts  of  Nitric  Acid.  When 
passed  through  the  reductor,  0.2  gram  of  nitric  acid  in  50  ml. 
of  4  M  hydrochloric  acid  introduces  no  substance  capable  of 
oxidation  by  the  ceric  sulfate.  However,  in  the  presence  of 
0.3  gram  of  uranium  the  titer  was  always  low  by  several  per 
cent,  the  agreement  poor,  and  the  end  point  difficult  to  dis¬ 
cern.  It  is  therefore  essential  that  nitric  acid  be  absent. 


Table  I.  Determination  of 

Copper 

Cu  taken,  j 

Solution  I 

"ram  Cu  found,  gram 

Solution  II 

Cu  taken,  gram  Cu  found,  gram 

0.1704 

0.1704 

0.1679 

0.1675 

0. 1704 

0.1704 

0.1679 

0.1679 

0.1704 

0.1705 

0.1679 

0.1679 

0.1704 

0.1706 

0.1679 

0.1680 

0.2386 

0.2386 

0.2351 

0.2352 

0.2727 

0.2735 

0 . 2687 

0.2691 

0.3340 

0.3340 

0.3291 

0.3289 

Determination  of  Copper 

The  authors  have  found  that  in  2  M  hydrochloric  acid  solu¬ 
tion  at  room  temperature  copper  is  quantitatively  reduced  in 
the  silver  reductor  to  the  cuprous  condition.  The  solution 
containing  the  reduced  copper  is  caught  in  ferric  alum  solu¬ 
tion  and  the  iron  titrated  with  ceric  sulfate,  using  o-phenan- 
throline  ferrous  complex  indicator. 

Materials.  A  0.5  M  ferric  alum  solution  was  prepared  by 
dissolving  the  salt  in  0.5  M  sulfuric  acid. 

The  approximately  0.1  M  ceric  sulfate  solution  was  prepared 
as  described  above. 

Two  solutions  of  copper  sulfate,  approximately  0.1  M,  were 
prepared  by  treatment  of  metallic  copper  with  nitric  acid,  double 
evaporation  to  sulfur  trioxide  fumes  after  addition  of  sulfuric 
acid,  and  dilution  of  the  resulting  solution  to  1  liter.  Solution  I 
was  prepared  from  6.8159  grams  of  Leeds  &  Northrup  copper 
wire  specified  for  copper-constantan  thermocouple  measurements. 
Solution  II  was  prepared  from  6.7160  grams  of  Hilger  spectro¬ 
scopically  standardized  copper  rod,  with  an  assay  of  at  least 
99.993  per  cent  copper.  In  both  cases  the  copper  was  carefully 
cleaned  to  eliminate  any  surface  contamination. 

Cupric  ion  in  2  M  hydrochloric  acid  is  reduced  in  the  silver 
reductor  to  cuprous  chloride  complex  ion.  Consideration  of 
the  oxidation  potentials  involved  CE°cu++/cuci2-  =  0.455 
volt;  E°AgC1/Ag  =  0.2245  volt)  indicates  that  the  reduction 
should  be  quantitative.  Preliminary  determinations  in  which 
the  reduced  solution  was  titrated  with  ceric  sulfate  using 
o-phenanthroline  ferrous  complex  indicator  gave  results  which 
were  low  by  several  per  cent.  Stirring  the  reduced  solution 
for  several  minutes  before  titration  yielded  even  lower  re¬ 
sults,  indicating  air-oxidation  of  the  reduced  copper.  In  the 
method  of  analysis  finally  adopted,  therefore,  the  reduced 
solution  is  collected  under  ferric  alum  and  the  resulting  ferrous 
iron  titrated  with  the  oxidant. 

Method  of  Analysis.  Fifty  milliliters  of  solution,  containing 
from  0.1  to  0.4  gram  of  copper  and  2  M  with  respect  to  hydro¬ 


chloric  acid,  were  passed  through  the  silver  reductor  at  the  rate 
of  25  ml.  per  minute.  The  reduced  solution  was  collected  under 
20  ml.  of  0.5  M  ferric  alum  solution  with  stirring  and  the  reductor 
column  was  washed  with  150  ml.  of  2  M  hydrochloric  acid.  One 
drop  of  o-phenanthroline  ferrous  complex  indicator  was  added 
and  the  solution  was  titrated  with  ceric  sulfate. 

The  end  point  is  extremely  sharp  and  the  color  imparted 
by  the  cupric  ion  in  no  way  interferes  with  detection  of  the 
end  point.  That  the  method  is  precise  (average  deviation  less 
than  1  part  per  1000)  and  accurate  is  indicated  by  the  results 
given  in  Table  I. 

Effect  of  Nitric  Acid.  The  presence  of  comparatively 
large  amounts  of  nitric  acid  has  no  effect  on  the  determination 
of  copper  with  the  silver  reductor.  Thus  with  0.2,  0.2,  1,  and 
3  grams  of  nitric  acid  present  in  the  solution  containing  the 
copper,  there  was  found,  respectively,  0.1681,  0.1679,  0.1679, 
0.1678  gram  of  copper  as  compared  with  0.1679  gram  of  cop¬ 
per  taken. 

To  determine  the  applicability  of  the  method  to  solutions 
containing  other  metallic  ions,  25.00-ml.  portions  of  Solution 
I,  containing  0.1704  gram  of  copper,  were  mixed  with  solu¬ 
tions  containing  Zn++,  Sn++++,  AsCh  ,  Bi+++,  and  Cd++, 
and  the  mixtures  were  analyzed  with  the  silver  reductor. 
Finally,  complete  mixtures  containing  all  these  elements  were 
also  analyzed.  The  results  are  summarized  in  Table  II. 

Analysis  of  Standard  Sample.  A  brass  sample,  Bureau 
of  Standards  No.  37b,  was  analyzed  for  copper  as  follows: 

Approximately  0.3  gram  of  sample  was  treated  with  1  ml.  of 
concentrated  nitric  acid  and  4  ml.  of  concentrated  hydrochloric 
acid,  and  heated  until  completely  dissolved.  The  solution  was 
diluted  to  150  ml.  and  the  iron  separated  by  a  double  precipita¬ 
tion  with  ammonia.  The  solution  was  acidified  and  evaporated 
to  40  ml.  Sufficient  hydrochloric  acid  was  added  to  make  the 
solution  2  M  with  respect  to  hydrochloric  acid,  and  the  copper 
was  determined  by  the  method  given  above,  using  the  silver  re¬ 
ductor.  Five  determinations  were  made  and  the  following  re¬ 
sults  obtained:  70.36,  70.39,  70.30,  70.37,  and  70.46  per  cent; 
average,  70.38  per  cent;  average  deviation,  0.6  part  per  1000; 
Bureau  of  Standards  certificate  value,  70.36  per  cent. 


Table  II. 

Effect  of  Ions 

No.  of 

Determina-  Cu 

Average 

Mixture  Analyzed 

tions 

.Found 

Gram 

Deviation 
Parts  per 
1000 

CuSOr  (Solution  I) 

4 

0.1705 

0.5 

CuSOr  +  0.5  gram  ZnSOi 

4 

0.1706 

0.8 

CuSOi  +  0.6  gram  SnCL 

4 

0.1705 

0.6 

CuSOr  +  0.4  gram  NacHAsOi 

4 

0.1706 

0.3 

CuSC>4  +  0.45  gram  BiCh 

4 

0.1706 

0.8 

CuSC>4  -j-  0.5  gram  CdCB 

4 

0. 1706 

1.0 

Complete  mixture:  4 

CuSOr  +  100  mg.  Zn  +  +,  Sn  +  +  +  +, 

Bi  +  +  +,  Cd  +  +,  and  50  mg. 

As  +  +  +  +  + 

0. 1705 

1.4 

Summary 

In  hot  4  M  hydrochloric  acid  solution,  uranium  is  reduced 
quantitatively  to  the  quadrivalent  state  in  the  silver  reductor. 
The  uranium  may  be  determined  by  titration  in  the  cold  with 
ceric  sulfate  using  o-phenanthroline  ferrous  complex  indicator, 
provided  phosphoric  acid  is  present.  Large  amounts  of  acetic 
acid  do  not  interfere.  Nitric  acid,  iron,  molybdenum,  vana¬ 
dium,  and  copper  must  be  absent  since  they  are  reduced  in 
the  silver  reductor. 

In  2  M  hydrochloric  acid  solution  copper  is  reduced  quanti¬ 
tatively  to  the  cuprous  condition  in  the  silver  reductor.  The 
reduced  copper  is  collected  under  ferric  alum  and  the  ferrous 
iron  titrated  with  ceric  sulfate  using  o-phenanthroline  ferrous 
complex  indicator.  Comparatively  large  amounts  of  nitric 
acid  do  not  interfere.  The  presence  of  zinc,  tin,  arsenic 
(quinquevalent),  bismuth,  and  cadmium  offers  no  interfer- 
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ence.  Iron,  molybdenum,  uranium,  and  vanadium  must  be 
absent. 
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Still  for  Producing  Metal-Free  Distilled  Water 

J.  S.  McHARGUE  AND  E.  B.  OFFUTT 
Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky. 


AN  ADEQUATE  supply  of  distilled  water,  which  is  free 
from  metallic  and  nonmetallic  compounds,  is  of  funda¬ 
mental  importance  for  research  investigations  planned  to 
show  the  necessity  of  the  minor  elements  in  the  economy  of 
plants  and  animals.  In  this  article  the  term  “metal-free  dis¬ 
tilled  water”  is  used  to  designate  water  containing  total 
metals  of  the  order  of  one  part  per  billion  or  less. 


a  B  c 

Figure  1.  Forms  of  Quartz  Con¬ 
denser  Tubes 


It  is  well  known  among  chemists  that  distilled  water  that 
is  produced  with  the  ordinary  type  of  water  still  contains  small 
amounts  of  a  number  of  metallic  elements,  including  copper, 
zinc,  tin,  lead,  manganese,  nickel,  and  iron.  These  elements 
can  be  detected  when  several  liters  of  the  distillate  are  evapo¬ 
rated  to  dryness  and  sensitive  tests  are  carefully  applied  for 
the  respective  elements.  It  has  been  shown  in  previous  work 
that  distilled  water  made  with  the  type  of  still  commonly 
used  in  chemical  laboratories  contains  a  sufficient  amount  of 
copper  and  zinc  to  supply  the  requirements  of  plants  for  these 
elements,  when  it  is  used  as  the  source  of  water  in  water  or  sand 
cultures.  Metallic  elements  are  introduced  into  distilled  water 
from  the  processes  of  oxidation,  erosion,  and  solution  of  the 


condenser  tube,  which  is  usually  constructed  from  brass  tub¬ 
ing  and  coated  on  the  condensing  surface  with  tin.  The  prin¬ 
cipal  ore  from  which  tin  is  smelted  is  cassiterite,  or  tin  oxide 
(Sn02),  which  in  the  crude  state  contains  arsenic,  bismuth, 
zinc,  copper,  manganese,  and  iron.  The  usual  process  for  the 
purification  of  tin  seldom  frees  it  from  traces  of  these  metals. 

Condenser  tubes  made  from  metals  are  used  because  they 
are  cheap  and  conduct  heat  more  efficiently  than  tubes  made 
from  earthenware  materials  such  as  porcelain  or  silica.  Pure 
platinum  is  undoubtedly  the  most  desirable  metal  for  making 
condenser  tubes,  but  the  cost  is  prohibitive.  It  is  also  likely 
that  traces  of  this  metal  could  be  detected  in  a  few  liters  of 
distilled  water  made  with  a  platinum  condenser. 

In  recent  years  quartz  vessels  of  small  size  for  making  small 
quantities  of  conductivity  water  have  been  sold  by  dealers  in 
chemical  apparatus.  For  several  years  the  senior  author  has 
endeavored  to  produce  distilled  water  free  of  metals  by  using 
condensers  made  of  quartz,  as  shown  in  A  and  B,  Figure  1. 
A  represents  a  straight,  thin-walled  quartz  tube  which  re¬ 
placed  the  metal  condenser  tube,  in  a  gas-heated  water  still 
of  the  Stokes  type.  B  shows  a  condenser  tube  made  from 
quartz  by  the  Thermal  Syndicate  ot  New  York  according  to 
the  authors’  design.  When  properly  housed  and  installed  this 
type  of  condenser  will  produce  about  5.7  liters  (1.5  gallons) 
of  metal-free  distilled  water  per  hour. 

With  the  recent  installation  of  a  central  heating  plant  at 
this  university  steam  became  available  for  use  in  the  labora¬ 
tories.  A  larger  size  quartz  condenser  of  the  form  shown  by  C 
in  Figure  1  was  designed  by  members  of  this  department  and 
was  constructed  according  to  their  plans  by  the  Amersil  Com¬ 
pany  of  New  York.  The  boiler  and  housing  for  the  condenser 
were  constructed  in  the  shops  of  the  Department  of  Buildings 
and  Grounds  of  this  university. 


Figure  2  is  a  detailed  drawing  of  the  still.  A  and  E  are  the 
brass  end  plates  of  the  condenser  jacket  which  were  cast  and 
machined  to  the  desired  form  and  dimensions;  B  and  F  are 
packing  joints  at  the  ends  of  the  condenser  tube;  C  and  I  are 
907-gram  (32-ounce)  sheet  copper  tinned  on  the  inside,  from  which 
the  boiler  and  the  condenser  jacket  -were  made;  D  and  II  are  brass 
rings  attached  to  the  walls  of  the  condenser  jacket  and  boiler, 
respectively.  Grooves  were  machined  into  the  upper  surfaces  of 
these  rings  in  which  is  placed  rope  packing  to  make  tight  joints 
when  plate  E  and  boiler  lid  G  are  bolted  in  place.  /  is  a  steam 
coil;  K  and  L  make  up  a  device  for  maintaining  a  constant 
water  level  in  the  boiler;  M  is  the  overflow  from  the  condenser 
jacket;  N  is  the  steam  pipe  to  the  condenser;  and  O  is  the  clamp 
for  holding  the  porcelain  cap  in  place.  The  heavy  arrows  indicate 
the  path  of  steam  from  the  boiler  to  the  condenser  tube. 

The  cock  on  the  tube  connected  to  the  bottom  of  the  boiler 
allows  the  slush  and  scale  which  accumulate  in  the  boiler  to  be 
washed  out  when  necessary  and  permits  the  boiler  to  be  kept 
comparatively  clean  from  residue. 

Figure  3  shows  the  still  mounted  and  ready  for  use.  It  has  a 
capacity  of  about  11  liters  (3  gallons)  of  metal-free  distillate  per 
hour  at  the  temperature  of  the  tap  water,  but  when  the  distillate 
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is  allowed  to  flow  from  the  condenser  at  a  temperature  of  about 
80°  to  90°  C.  the  capacity  is  approximately  13  to  15  liters  (3.5  to 
4.0  gallons)  per  hour.  The  distillate  flows  from  the  quartz  con¬ 
denser  through  a  glass  adapter  made  of  Pyrex  glass  into  the  acid- 
resistant,  100-liter,  stoneware  reservoirs.  These  are  connected  by 
a  siphon  made  of  Pyrex  glass  tubing  which  maintains  the  same 
water  level  in  the  reservoirs.  A  level  gage,  made  of  small-size 
Pyrex  tubing  and  placed  between  the  reservoirs  with  a  graduated 


scale  attached,  shows  the  quantity  of  water  in  the  reservoir  at 
any  time. 

With  approximately  constant  steam  pressure  and  the 
proper  adjusting  of  the  steam  and  water  valves,  the  still 
operates  satisfactorily  with  very  little  attention  and  has  been 
run  continuously  overnight,  without  attention,  for  several 


Figure  2.  Detailed  Diagram  of  Still 
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Figure  3.  Still  Installed 

1.  Drain  from  sweat  pan 

2.  Valve  for  cleaning  out  condenser  jacket 

3.  Valve  regulating  flow  of  water  into  condenser  jacket 

4.  Drain  pipe  for  boiler 

5.  Steam  inlet  valve 

6.  Clean-out  valve  for  boiler 

days  in  succession.  The  reservoirs  were  placed  in  a  lead- 
lined  basin,  which  was  connected  to  a  drain  pipe  in  case  of 
overflow. 

Tests  for  Purity  of  Distillate 

After  the  still  had  been  in  operation  for  several  months  a  sample 
of  distilled  water  was  collected  in  a  thoroughly  cleaned  Pyrex 
flask.  A  3.5-liter  portion  of  the  sample  was  evaporated  to  a  small 
volume  in  a  new  Pyrex  glass  flask,  which  was  attached  to  a  con¬ 
denser  with  a  ground-glass  connection.  The  concentrate  was 
transferred  to  a  weighed  platinum  dish  and  evaporated  to  dryness 
in  an  oven. 

The  following  results  were  obtained : 

Total  solids  (evaporated  at  110°  C.),  0.00029  gram  per  liter 
Ignited  solids  (750°  C.).  0.0001  gram  per  liter 

Another  test  was  made  on  a  10-liter  sample  of  water,  using 
the  above-described  technique,  with  the  following  results: 

Total  solids  (evaporated  at  110°  C.)»  0.00037  gram  per  liter 
Ignited  solids  (750°  C.),  0.00015  gram  per  liter 

The  results  of  this  last  test  are  equivalent  to  150  p.  p.  b. 
of  ignited  total  solids.  Most  of  this  residue  was  silica  which 
had  been  dissolved  from  the  condenser  tube  and  Pyrex  flask 
used  in  concentrating.  A  negative  test  for  iron  in  the  water 
was  obtained,  using  the  sulfocyanate  method,  indicating  that 
iron,  if  present  at  all,  was  less  than  0.5  part  per  billion,  which 
is  the  limit  of  sensitivity  of  the  test. 

The  dithizone  test  for  “total  metals”  described  by  Stout 
and  Arnon  (I)  was  made  on  the  concentrate  from  a  2-liter 


sample  of  the  water.  According  to  these  investigators  the 
presence  of  very  small  quantities  of  one  or  more  of  the  follow¬ 
ing  metals  may  be  detected  with  this  method:  zinc,  copper, 
lead,  nickel,  cobalt,  mercury,  cadmium,  thallium,  and  bis¬ 
muth.  In  the  authors’  case,  the  impurities  would  probably  be 
copper,  lead,  and  zinc. 

It  has  been  found,  in  this  laboratory,  that  although  the 
metals  listed  above  do  not  display  equal  ability  in  producing 
the  test  color  with  dithizone,  the  method  of  testing  is  very 
sensitive.  Using  care,  it  is  possible  to  detect  as  little  as  0.1 
microgram  of  zinc,  which  agrees  with  the  claims  of  Stout  and 
Arnon.  Using  a  standard  solution  of  zinc  and  comparing  the 
color  developed  by  dithizone  with  the  standard  and  with  that 
produced  with  the  concentrate  from  2  liters  of  distilled  water, 
using  a  microcolorimeter,  it  was  found  that  the  distilled  water 
contained  0.2  part  per  billion  of  total  metals  (as  listed  above). 

The  conductance  of  a  sample  of  the  distilled  water  was 
measured,  taking  no  special  precaution  to  exclude  carbon  di¬ 
oxide  or  fumes  generally  present  in  a  chemical  laboratory. 
The  specific  conductance,  as  measured,  was  2.88  X  10“fi 
reciprocal  ohm. 

From  the  above  tests,  the  authors  are  of  the  opinion  that 
the  distilled  water  produced  by  this  still  can  be  regarded  as 
free  from  metallic  compounds  as  it  is  possible  to  produce 
water  in  the  quantity  shown  with  a  single  distillation. 

In  investigations  pertaining  to  the  study  of  the  effects  of 
the  minor  elements  on  growth  and  development  of  both 
plants  and  animals,  large  volumes  of  distilled  water  are  con¬ 
sumed  daily.  Because  distillation  of  water  from  an  ordinary 
still  would  be  both  time-consuming  and  troublesome,  such  a 
still  as  has  been  described  above  is  of  great  importance. 
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A  Ten-Liter  Volumetric  Flask 

FRANCIS  J.  REITHEL 

University  of  Oregon  Medical  School,  Portland,  Ore. 

WHEN  making  large  quantities  of  standard  solutions  a 
large  volumetric  flask  is  desirable.  In  the  author’s 
laboratory  this  is  provided  by  fitting  a  12-liter  Pyrex  bottle 
with  a  simple  volume  indicator. 

A  graduated  pipet  is  inserted  through  a  rubber  stopper  that 
is  large  enough  to  rest  flat  on  the  neck  of  the  bottle.  Exactly 
10  liters  of  water  (or  any  other  desired  volume)  at  room  tem¬ 
perature  are  put  into  the  bottle,  and  the  pipet  is  adjusted  so 
that  the  tip  barely  touches  the  surface  of  the  liquid. 

If  a  10-ml.  pipet  is  used,  the  graduations  near  the  top  will 
be  partly  covered  by  the  stopper,  so  that  when  the  pipet  just 
touches  the  surface  of  the  liquid  the  lower  surface  of  the  stop¬ 
per  will  correspond  to  some  reading  on  the  pipet — say,  2.2 
ml.  The  pipet  can  be  readjusted  instantaneously  by  resetting 
the  lower  surface  of  the  stopper  to  the  proper  mark. 

Any  volume  in  the  flask  will  correspond  to  a  mark  on  the 
pipet,  the  readings  becoming  greater  with  larger  volumes  as 
the  pipet  is  pushed  up  through  the  stopper,  and  a  simple 
table  may  be  prepared  showing  readings  for  various  volumes. 
The  pipet  itself  is  never  immersed  in  the  liquid.  When  the 
apparatus  is  carefully  adjusted,  the  volume  can  be  measured 
to  ±5  ml. 


Reduction  of  Specific  Gravity  at  25725°  C.  to 
Density  at  Any  Temperature  from  0°  to  40°  C. 

R.  R.  DREISBACH,  Physical  Research  Laboratory,  The  Dow  Chemical  Company,  Midland,  Mich. 


IN  THE  determination  of  specific  gravities  or  densities, 
25°  C.  is  a  very  convenient  and  often  used  temperature. 
However,  specific  gravities  or  densities  have  been  determined 
by  various  investigators  over  a  wide  range  of  temperatures. 
Except  in  those  cases  where  the  compound  is  a  solid  at  25°  C., 
the  temperatures  at  which  these  values  are  fisted  generally 
fie  between  0°  and  25°  C. 

It  is  often  very  important  to  be  able  to  reduce  the  various 
density  values,  as  fisted,  to  a  common  temperature  or  for  an 
investigator  to  be  able  to  compare  the  density  he  has  obtained 
for  a  compound  at  one  temperature  with  the  value  fisted  in  the 
literature  at  a  different  temperature. 

The  table  presented  herewith  makes  it  possible  to  obtain 
the  density  at  any  temperature  between  0°  and  40°  C.  if  the 
specific  gravity  at  25°/25°  C.  and  the  coefficient  of  cubical 
expansion,  /3,  are  known. 

Liquids  change  volume  with  change  in  temperature,  and 
this  change  in  volume  is  represented  quantitatively  by  a 
coefficient  known  as  the  coefficient  of  expansion,  /3.  All 
liquids  show  such  change  in  volume  with  change  in  tempera¬ 
ture,  but  the  amount  of  this  change  varies  widely  with  differ¬ 
ent  liquids,  and  to  some  extent  for  the  same  liquid  at  different 
temperatures. 

The  relationship  between  this  coefficient,  temperature,  and 
volume  is  represented  mathematically  by  the  equation 


where  Vt 
To 
t 


0 


=»  volume  at  t°  C. 

=  volume  at  0°  C. 

=  temperature,  °  C. 


or 


Vt  =  To(l  +  ft) 


(1) 


(2) 


The  factors  in  the  table  have  been  determined  as  follows: 

Let  S  =  specific  gravity  at  25°/25°  C.  as  determined 
d2oH  =  density  of  water  at  25°  C.  (=  0.99705) 
d2s  =  density  at  25°  C.  of  liquid  or  weight  of  1  cc 
at  25°  C. 

Then  d25  =  <S'd2o"  (3) 


One  cubic  centimeter  of  the  liquid  at  25°  C.  would  occupy 
[1  —  (3(25  —  f)  ]  cc.  at  t°  C.  and  the  density  d<  at  t°  C.  would 
then  be 


Sd25g 

[1  -  0(25  -  0] 


(4) 


Then  factor  {Fpi),  by  which  it  is  necessary  to  multiply 
value  S  to  reduce  to  di,  is  given  by 


or  from  4  F  _ _ d25g _ 

01  [1  -  0(25  -  01 


(5) 

(6) 


which  is  the  value  given  in  the  table  for  various  temperatures 
and  coefficients  of  expansion  (/3). 

Equation  5  then  gives  relationship  for  determining  density 
at  temperature  t°  C.  from  tables  by  solving  for  d(: 

di  =  SFfs,  (7) 


Values  of  Fpt  are  given  in  Table  I  for  temperatures  0°  to 
40°  C.  and  for  values  of  /3  ranging  from  0.4  X  10~3  to  1.3  X 
10  ~3.  The  table  can  be  extended  either  above  or  below  the 
temperatures  given  if  desired,  and  also  for  values  of  /3  higher 
or  lower  than  those  given. 

If  the  density  is  given  at  some  other  temperature,  this 
table  may  still  be  used.  Solving  for  S  in  Equation  6  gives 


.878  982  986  990  994  998  1.002  1.006  1.010  1.014  I.OI8  1.022  1.026  1030  1.034 


w 
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Table  I.  Factobs  (Fpt) 
Density  t°  C.  =  Sp.  Gr.  25°/25°  C.  X  Fp t 


0a  = 

1.3  X  10 -* 

1.2  X  10 -3 

1.1  X  io-» 

1.0  x  io-» 

0.9  X  10 -* 

0.8  X  10-s 

0.7  X  10-5 

0.6  X  10-5 

0.5  X  10-5 

0.4  X  10-> 

t°  c. 

40 

0.9780 

0.9794 

0.9809 

0.98234 

0.9838 

0.9851 

0.98672 

0.9882 

0.9897 

0.9911 

35 

0.9843 

0.9853 

0.9863 

0.9872 

0.9882 

0.98918 

0.99015 

0.9911 

0.9921 

0.9931 

30 

0.99065 

0.9911 

0.9916 

0.9921 

0.99262 

0.9931 

0.9936 

0.9941 

0.9944 

0.9951 

25 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

0.99705 

20 

1 . 0036-^ 

1.0031 

1.0026 

1.0021 

1.0016 

1.0011 

1.0006 

1.0001 

0.99958 

0.99908 

15 

1.0102 

1.0092 

1.0082 

1 . 0072 

1 . 0060 

1.0051 

1.0041 

1.0031 

1.0021 

1.0011 

10 

1.0169 

1.0154 

1.0138 

1.0123 

1.0107 

1 . 0092 

1.0077 

1.0061 

1 . 0046 

1.0031 

5 

1 . 0237 

1.0216 

1.0195 

1.0174 

1.0153 

1.0133 

1.0113 

1.0092 

1.0072 

1 . 0051 

0 

1.0306 

1.0279 

1.0253 

1.0227 

1 . 0200 

1.0174 

1.0148 

1.0122 

1 . 0097 

1.0071 

“  B  =  coefficient  of  oubical  expansion. 


Curves  may  be  constructed  on  coordinate  paper  using  the 
values  in  the  table,  by  means  of  which  interpolated  values  may 
be  more  easily  obtained.  The  graph  shows  the  construction 
of  such  a  set  of  curves  for  the  values  in  the  table.  The  reduc¬ 
tion  necessary  in  this  article  makes  this  scale  too  small  to  be 
of  any  value.  The  reader  can  construct  his  own  set  of  curves 
to  any  scale  desired. 

Analysis  of  Free  Sodium  Cyanide  in  Brass 

Plating  Solutions 

WALLACE  M.  McNABB  AND  SAMUEL  HEIMAN 

Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Penna. 


F  Pt 


(8) 


If  the  specific  gravity  is  given  at  some  other  temperature  than 
25°/25°  C.,  it  can  be  changed  to  density  at  that  temperature 
by  multiplying  by  the  density  of  water  at  that  temperature 
and  substituting  in  Equation  8  to  find  S  (sp.  gr.  25°/25°  C.). 
The  factors  (Fp,)  in  the  table  can  then  be  used  directly. 


THE  concentration  of  free  sodium  cyanide  in  brass  plating 
solutions  is  important  because  it  affects  the  anode  and 
cathode  efficiency,  anode  polarization  and  corrosion,  throw¬ 
ing  power  and  conductivity  of  the  solution;  and  because  it 
influences  the  composition,  color,  structure,  and  ductility  of 
the  deposit  (3,  12).  The  term  “free  cyanide”  may  be  de¬ 
fined  in  two  ways:  (1)  as  the  excess  of  alkali  cyanide  above 
the  minimum  required  to  give  a  clear  solution  ( 1 ),  or  (2) 
often  as  the  excess  of  sodium  cyanide  above  that  required  to 
form  definite  copper  and  zinc  complex  compounds  as  deter¬ 
mined  by  chemical  analysis. 

The  first  definition  seeks  to  specify  that  property  which 
directly  affects  the  behavior  and  utility  of  the  bath,  rather 
than  to  offer  an  exact  knowledge  of  the  complex  cyanides 
which  may  exist  in  the  solution  along  with  the  free  cyanide. 
The  most  important  property  specified  by  this  definition  is 
the  solvent  action  of  the  free  cyanide  on  the  anode  film. 
Thus,  a  solution  containing  no  free  cyanide,  according  to  this 
definition,  will  have  no  solvent  action  on  the  anode  film  and 
the  free  sodium  cyanide  concentration  will  therefore  be  a 
direct  measure  of  the  solvent  power  of  the  solution.  To 
date,  no  analytical  methods  have  been  published  for  deter¬ 
mining  the  free  cyanide  as  first  defined ;  it  is  doubtful  whether 
this  definition  could  be  applied  to  the  mixture  of  complex  cop¬ 
per  and  zinc  cyanides  which  are  present  in  a  brass  plating 
solution. 

In  considering  the  simpler  case  of  the  cyanide  copper  bath, 
experiments  were  made  to  determine  the  minimum  concen¬ 
tration  of  sodium  cyanide  required  to  give  a  clear  solution. 
Theoretically  one  equivalent  of  sodium  cyanide  should  dis¬ 
solve  one  equivalent  of  cuprous  cyanide  to  give  a  clear  solu¬ 
tion  of  sodium  copper  cyanide.  This  fact  was  indirectly 
demonstrated  in  the  following  way: 

A  diluted  sample  of  a  complex  cyanide  copper  solution  was 
titrated  with  0.1  N  hydrochloric  acid.  A  turbidity  was  first  ob¬ 
tained  when  all  the  constituents  of  the  bath  had  reacted  with  or 
been  neutralized  by  the  acid,  except  the  complex  compound  cor¬ 
responding  to  the  formula  NaCu(CN)2.  The  further  addition  of 


acid  to  the  solution  containing  this  complex  compound  caused  a 
turbidity  due  to  the  precipitation  of  copper  cyanide.  On  the 
other  hand,  the  addition  of  one  equivalent  of  sodium  cyanide 
solution  to  one  equivalent  of  copper  cyanide  did  not  give  a  clear 
solution  of  sodium  copper  cyanide,  even  after  the  suspension 
had  been  agitated  several  hours  at  room  temperature.  Further 
additions  of  sodium  cyanide  solution  dissolved  more  and  more  of 
the  copper  cyanide,  but  even  after  the  addition  of  two  equivalents 
of  sodium  cyanide,  the  solution  was  still  somewhat  turbid. 

It  was  thought  that  freshly  prepared  copper  cyanide  might 
be  more  soluble  in  sodium  cyanide  solution  than  the  dry  reagent 
powder  used  above.  Warm,  dilute  solutions  of  sodium  cyanide 
and  copper  sulfate  were  mixed  and  the  copper  cyanide  was 
washed  by  decantation  three  times  with  hot  water.  To  this 
definite  weight  of  copper  cyanide,  a  solution  of  sodium  cyanide 
was  added  in  small  increments  and  the  suspension  was  agitated 
after  each  addition.  The  results,  however,  were  the  same  as 
those  obtained  with  the  dry  copper  cyanide.  There  was  no 
definite  point  at  which  a  clear  solution  was  obtained  even  after 
adding  two  equivalents  of  sodium  cyanide  to  one  equivalent  of 
copper  cyanide.  This  permanent  turbidity  may  have  been 
caused  by  the  formation  of  a  small  amount  of  paracyanogen,  a 
brown  solid  which  is  probably  a  polymerized  form  of  cyanogen. 

These  tests  indicate  the  difficulties  which  must  be  con¬ 
fronted  in  attempting  to  devise  analytical  methods  to  meet 
this  definition  of  free  cyanide,  especially  for  brass  plating 
solutions. 

According  to  the  second  definition,  the  free  sodium  cyanide 
in  a  brass  plating  solution  is  usually  determined  by  direct 
titration  against  standard  silver  nitrate  solution  in  the  pres¬ 
ence  of  potassium  iodide  as  an  indicator.  Several  variations 
of  this  general  method  are  reported  in  the  literature  (6,  9,  12, 
IS).  However,  there  is  no  generally  accepted  procedure  for 
this  analysis,  for  it  is  known  that  the  result  obtained  depends 
on  the  amount  of  dilution  of  the  sample,  the  concentration  of 
the  potassium  iodide  used  as  indicator,  and  the  concentrations 
of  sodium  carbonate  and  ammonia  in  the  brass  plating 
solution.  From  the  total  cyanide  content,  which  may  be 
conveniently  determined  by  an  evolution  method  used  in 
connection  with  the  analysis  for  ammonia,  the  free  sodium 
cyanide  may  be  calculated,  assuming  that  definite  copper 
and  zinc  complexes  are  present  in  the  bath  ( 6 ). 
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Pan  has  studied  the  effect  of  the  afore-mentioned  variables 
on  the  titration  method  and  as  a  result  of  his  work  recom¬ 
mended  the  following  procedure  (12): 

To  10  ml.  of  the  brass  plating  solution  were  added  4.3  grams 
of  potassium  iodide  (14.3  ml.  of  30  per  cent  potassium  iodide  solu¬ 
tion)  and  sufficient  water  to  make  the  volume  70  ml.  at  the  end  of 
the  titration.  The  solution  was  then  titrated  with  0.1  A  silver 
nitrate  solution  to  the  appearance  of  a  faint  bluish  opalescence. 
The  free  sodium  cyanide  in  grams  per  liter  may  be  found  by 
multiplying  the  milliliters  of  0.1  N  silver  nitrate  by  0.980.  The 
authors  in  their  work  found  that  this  end  point  was  not  very 
sharp.  The  further  addition  of  about  1  ml.  of  silver  nitrate  solu¬ 
tion  beyond  the  end  point  did  not  increase  the  density  of  the 
opalescence.  The  end  point  was  detected  more  readily  by  com¬ 
paring  the  unknown  solution  during  the  titration  with  samples 
of  distilled  water  and  with  a  solution  already  at  the  end  point. 

Pan  further  showed  that  the  free  cyanide  in  a  brass  plating 
solution  as  determined  by  this  method  corresponds  to  that 
calculated  value  of  the  sodium  cyanide  that  is  in  excess  of 
that  required  to  form  Na2Cu(CN)3  and  NaZn(CN)3  instead 
of  Na2Cu(CN)3  and  Na2Zn(CN)4  as  was  generally  assumed 
(2,  14)-  One  object  of  this  investigation  was  to  check  the 
validity  of  this  conclusion. 

Table  I.  Analysis  of  Chemicals  Used  in  Brass  Plating 


Solution 

Purity 
Based 
on  Metal 
Content 

Purity  Based 
By. 

evolution 

method 

on  Cyanide  Content 
By 

direct 

titration 

% 

% 

% 

NaCN,  c.  p. 

CuCN,  c.  p. 

Zn(CN)  2,  tech. 

99 . 89 
95.44 

96.37 

98.67 

93.06 

96.50 

In  the  first  place  Pan  did  not  state  the  purity  of  the  chemi¬ 
cals  used  in  preparing  his  solutions.  Even  c.  p.  sodium  cya¬ 
nide  is  only  about  97  per  cent  pure  and  the  authors  were 
unable  to  obtain  c.  p.  zinc  cyanide.  His  work  was  therefore 
repeated  using  analyzed  reagents.  The  cyanide  contents 
of  copper,  zinc,  and  sodium  cyanides  were  determined  by  an 
evolution  method  (10,  11),  and  the  sodium  cyanide  was  also 
analyzed  by  direct  titration  with  standard  silver  nitrate  solu¬ 
tion  (8).  The  copper  content  of  the  copper  cyanide  and  the 
zinc  content  of  the  zinc  cyanide  were  determined  by  standard 
methods.  Table  I  gives  the  results  obtained.  All  results 
are  the  mean  of  at  least  two  determinations. 

A  brass  plating  solution  similar  to  that  used  by  Pan  (12- 
14)  was  prepared  which  had  the  nominal  composition  given 
in  Table  II.  The  theoretical  concentration  of  free  sodium 
cyanide,  in  excess  of  that  required  by  the  copper  and  zinc 
cyanides  present  to  form  Na2Cu(CN)3  and  NaZn(CN)3,  is 


Figure  1.  Effect  of  pH  on  Value  of  Free 
Sodium  Cyanide  as  Obtained  by  Titration 
Method  at  30°  C. 
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given  as  well  as  the  experimental  titration  values  at  15°  and 
20°  C. 

The  calculated  value  of  the  free  cyanide  for  this  solution 
based  on  the  concentrations  found  as  a  result  of  the  analyses 
given  in  Table  I  is  9.22  grams  per  liter.  This  value  is  2.01 
grams  per  liter  lower  than  Pan’s  calculated  value  of  11.23 
which  was  based  on  the  incorrect  assumption  that  the  chemi¬ 
cals  were  100  per  cent  pure.  The  experimental  values  are 
still  in  fair  agreement  with  the  calculated  value  and  therefore 
apparently  check  Pan’s  conclusion  that  this  procedure  deter¬ 
mines  approximately  the  free  sodium  cyanide  in  excess  of  the 
complex  compounds  Na2Cu(CN)3  and  NaZn(CN)3. 

Table  II.  Brass  Plating  Solution 

Grama/liter 

Cu  22.35 

CuCN,  c.  p.  31.50 

Zn  6.40 

Zn(CN)2,  tech.  11.50 

NaCN,  c.  p.  50.50 

Na2C03,  c.  p.  30.00 

Calculated  free  NaCN,  assuming  chemicals  are  100  per 

cent  pure  (Pan’s  value)  11.23 

Experimental  values  (Pan’s  method)  9.60  at  15°  C. 

10.10  at  20°  C. 

pH,  colorimetric  10.8 

However,  Pan  did  not  study  the  effects  of  the  pH  and  of 
the  temperature  of  the  bath  on  the  value  of  the  free  cyanide 
obtained  by  the  titration  method,  although  these  factors 
should  have  a  considerable  effect.  Springer  (15),  Hoga- 
boom  (7),  and  Graham  (5)  have  discussed  the  pH  of  brass 
plating  solutions,  but  not  with  respect  to  its  effect  on  the 
determination  of  free  cyanide.  In  studying  this  problem, 
various  amounts  of  sodium  hydroxide  were  added  to  plating 
solutions  of  the  composition  given  in  Table  II.  The  pH  of 
the  sample  was  measured  colorimetrically  and  the  free  cyanide 
was  determined  on  10  ml.  by  the  Pan  titration  method. 
The  temperature  was  30°  C.  The  indicators  used  to  cover 
the  pH  ranges  were:  LaMotte  Purple  9.6-11.2,  Sulfo  Orange 
11.0-12.6,  and  LaMotte  Violet  12.0-13.6.  The  results  are 
plotted  in  Figure  1.  The  value  of  the  free  cyanide  increases 
slowly  when  the  pH  is  raised  from  11.0  to  13.0.  A  further  rise 
in  pH,  however,  causes  a  rapid  rise  in  the  free  cyanide.  This 
is  caused  by  the  reaction  of  sodium  hydroxide  with  the  cya¬ 
nide  zinc  complex,  to  form  zincate  and  liberate  an  equivalent 
amount  of  sodium  cyanide  which  is  titrated  as  “free  sodium 
cyanide”.  If  sufficient  alkali  is  added  to  a  brass  plating 
solution,  all  of  the  sodium  cyanide  equivalent  to  the  cyanide 
zinc  complex  will  be  titrated  (6).  The  increase  in  pH,  how¬ 
ever,  has  no  effect  on  the  cyanide  copper  complexes,  since 
copper  is  not  amphoteric. 

In  studying  the  effect  of  temperature  of  the  titration,  a 
brass  plating  solution  of  composition  given  in  Table  II  and 
with  an  initial  pH  of  10.8  was  analyzed  for  free  cyanide  at 
various  temperatures.  The  results  are  plotted  in  Figure  2. 
The  broken  fine  (a)  in  Figure  2  gives  the  calculated  value 
of  the  free  sodium  cyanide  in  excess  of  that  required  by  the 
copper  and  zinc  cyanides  to  form  Na2Cu(CN)3  and  NaZn- 
(CN)3.  This  value  is  9.22  grams  per  liter.  Line  (6)  gives  the 
calculated  value  of  4.64  grams  per  liter  for  the  free  sodium 
cyanide  in  excess  of  that  required  to  form  Na2Cu(CN)3  and 
Na2Zn(CN)4-  Only  at  a  relatively  low  temperature  (12°  C. 
or  54°  F.)  do  we  obtain  a  value  of  free  cyanide  that  corre¬ 
sponds  to  the  excess  above  that  required  by  the  copper  and 
zinc  cyanides  to  form  Na2Cu(CN)3  and  NaZn(CN)3.  This 
agreement,  to  which  Pan  attached  so  much  importance  was, 
therefore,  entirely  fortuitous. 

It  is  seen  that  raising  the  temperature  has  a  pronounced 
effect  in  increasing  the  free  cyanide  concentration  as  obtained 
by  this  titration  method.  The  reasons  for  this  are  as  follows: 
There  is  considerable  evidence  in  the  literature  that  several 
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Temperature:  °c. 


Figure  2.  Effect  of  Temperature  on  Value  of  Free 
Sodium  Cyanide  as  Obtained  by  Titration  Method  at  pH  10.8 

complexes  of  copper  exist,  such  as  NaCu(CN)2,  Na2Cu(CN)3, 
and  Na3Cu(CN)4  (4, 16).  The  principal  effect  of  an  increase  in 
temperature  of  the  brass  plating  solution  is  to  dissociate  these 
complexes  progressively  into  simpler  compounds  and  sodium 
cyanide.  Therefore,  at  least  two  and  possibly  all  three  of  these 
complexes  must  be  present  together  in  brass  plating  baths. 
On  the  other  hand,  we  are  not  certain  that  an  increase  in  tem¬ 
perature  will  cause  Na2Zn(CN)4  to  dissociate  into  NaZn- 
(CN)3  and  NaCN,  since  there  is  little  if  any  evidence  that  the 
latter  complex  exists.  However,  an  increase  in  temperature 
raises  the  pH  by  increasing  the  hydrolysis  of  the  free  sodium 
cyanide  and  carbonate  present,  and  this  in  turn,  due  to  the 
amphoteric  nature  of  zinc,  increases  the  free  sodium  cyanide 
in  the  manner  pointed  out  above. 

Summary 

Of  the  many  methods  reported  in  the  literature  for  the 
analysis  of  free  sodium  cyanide  in  brass  plating  solutions,  the 
method  investigated  by  Pan  is  the  most  satisfactory.  This 
will  yield  reproducible  and  useful  values  only  if  the  limits 
imposed  by  the  sodium  carbonate  and  ammonia  concentra¬ 
tions  are  realized  and  if  the  dilution,  temperature,  and  pH  are 
carefully  controlled. 

It  is  true  that  the  titration,  when  carried  out  under  certain 
arbitrary  conditions — i.  e.,  dilution  to  70  ml.,  pH  of  sample 
10.8,  and  at  12°  C. — gives  a  value  of  free  cyanide  which  may 
be  mathematically  and  arbitrarily  considered  as  the  amount 
in  excess  of  the  compounds  Na2Cu(CN)3  and  NaZn(CN)3. 
However,  this  is  not  valid  evidence  that  such  a  compound  as 
NaZn(CN)3  exists,  as  Pan  contends  (14)-  The  authors’ 
results  indicate  that  a  brass  plating  solution  is  a  mixture 
of  NaCu(CN)2,  Na2Cu(CN)3,  Na2Zn(CN)4,  Na2Zn02,  and 
possibly  other  complexes  such  as  zinc  ammine.  The  equilib¬ 
rium  among  these  complexes,  and  consequently  the  value  of 
the  free  sodium  cyanide,  is  shifted  by  changes  in  the  concen¬ 
trations  of  the  constituents  of  the  solution,  the  temperature, 
and  the  pH. 

As  Blum  (1)  has  indicated  in  general  for  all  cyanide  plating 
baths,  it  is  better  to  consider  this  method  as  giving  a  quan¬ 
tity  which  can  be  readily  measured  for  control  purposes. 
Experimental  work  is  necessary  to  establish  the  quantitative 
relationships  between  the  free  cyanide  as  determined  by  this 
method  and  the  various  properties  of  the  plating  solution 
and  of  the  brass  deposits,  which  the  free  cyanide  concentra¬ 
tion  is  known  to  influence. 
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Separation  of  Cadmium 
from  Zinc 

By  the  Use  of  Granular  Aluminum 

F.  E.  TOWNSEND  and  GEORGE  N.  CADE,  JR., 
National  Zinc  Company,  Inc.,  Bartlesville,  Okla. 

THE  determination  of  cadmium  in  the  complex  mate¬ 
rials  encountered  in  metallurgical  analysis  is  usually  a 
lengthy  task,  mainly  because  cadmium  undergoes  almost  no 
specific  characteristic  reactions  on  wrhich  a  quantitative  de¬ 
termination  can  be  based.  It  must  therefore  be  separated 
from  almost  all  the  other  metals  before  its  chemical  deter¬ 
mination  can  be  attempted.  Probably  the  most  tedious  of 
these  separations  is  the  separation  of  cadmium  from  zinc. 
The  method  described  here  does  not  entirely  replace  the  con¬ 
ventional  hydrogen  sulfide  method  in  all  cases,  but  it  does  re¬ 
duce  the  number  of  separations  often  necessary.  In  addition, 
the  time  required  for  one  separation  using  aluminum  is  much 
less  than  that  required  for  one  using  hydrogen  sulfide. 

Reagents 

Granular  aluminum  (<  40  mesh)  obtained  from  the  City  Chemi¬ 
cal  Corporation,  New  York,  N.  Y. 

c.  p.  sodium  hydroxide  solution,  50  per  cent. 

Standard  potassium  ferrocyanide  solution,  22  grams  of  the 
hydrated  salt  per  liter.  Standardization  should  be  for  5-,  10-,  20-, 
and  30-ml.  buret  readings  against  c.  p.  cadmium  metal.  This 
solution  should  be  standardized  each  day.  Titration  conditions 
should  be  identical  for  standard  and  unknown.  One  milliliter 
is  equivalent  to  about  0.0057  gram  of  cadmium, 
c.  p.  potassium  cyanide  solution,  25  per  cent. 

Ammonium  chloride  wash  solution,  10  grams  of  ammonium 
chloride  and  40  ml.  of  concentrated  ammonium  hydroxide  per 
liter. 

TJranyl  acetate  indicator,  0.25  per  cent  aqueous  solution. 
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Treatment  Previous  to  Separation  of  Cadmium 

and  Zinc 

Methods  for  the  attack  of  materials  containing  cadmium 
and  zinc  are  amply  covered  by  standard  texts  ( 1 ).  The  cad¬ 
mium  and  the  zinc  are  separated  from  all  the  other  elements 
of  the  hydrogen  sulfide  and  ammonium  sulfide  groups.  The 
last  of  these  elements  to  be  separated  from  the  cadmium 
and  zinc  is  lead,  since  the  evaporation  to  fumes  with  sulfuric 
acid  converts  all  three  metals  to  sulfates.  The  filtrate  from 
the  lead  sulfate  is  then  ready,  after  being  neutralized,  for 
the  addition  of  aluminum.  Small  amounts  of  iron,  manga¬ 
nese,  and  chromium  do  not  interfere  with  the  aluminum  sepa¬ 
ration.  All  reagent  aluminum  examined  by  the  authors 
contained  some  iron. 

Separation  Procedure 

To  the  combined  filtrate  and  washings  from  the  lead  sulfate 
(about  200  ml.  in  volume)  add  a  few  drops  of  methyl  orange 
solution  and  neutralize  with  the  sodium  hydroxide  solution.  Add 
1  ml.  of  concentrated  sulfuric  acid  (sp.  gr.  1.84)  in  excess.  Add 
0.3  to  1.0  gram  of  granular  aluminum,  depending  on  the  amount 
of  cadmium  present,  and  boil  for  5  minutes.  Filter  on  a  wad  of 
clean  cotton  in  a  Pyrex  funnel  and  wash  5  times  with  cold  water. 
Wash  the  cotton  and  the  precipitate  back  into  the  precipitation 
beaker  and  cover  with  100  ml.  of  water.  To  the  filtrate  add  0.1 
gram  of  aluminum  and  boil  for  5  minutes.  Filter  on  a  rapid 
paper,  wash  5  times  as  before,  and  add  paper  and  precipitate  to 
the  first  precipitate  obtained.  Break  up  the  filter  paper  with  a 
glass  rod  and  add  5  ml.  of  the  sodium  hydroxide  solution.  When 
action  has  ceased,  filter  on  a  strong  filter  paper  and  wash  the 
spongy  metal  free  from  most  of  the  alkali.  Return  the  filter 
paper  and  its  contents  to  the  original  beaker. 

The  subsequent  treatment  and  determination  depend  upon  the 
amount  of  cadmium  present,  the  time  available,  and  the  accuracy 
required.  For  ordinary  control  analyses  involving  0.025  to  0.2 
gram  of  cadmium,  moisten  the  above-mentioned  spongy  pre¬ 
cipitate  with  water  and  break  up  the  filter  paper  with  a  glass  rod. 
Add  7  ml.  of  concentrated  hydrochloric  acid  (sp.  gr.  1.20)  and 
50  ml.  of  saturated  bromine  water.  Heat  gently  until  most  of 
the  bromine  is  expelled  and  no  further  action  is  observed.  Cool, 
add  15  ml.  of  concentrated  ammonium  hydroxide  (sp.  gr.  0.9), 
and  heat  just  to  boding.  Fdter  and  wash  the  papers  and  pre¬ 
cipitate  5  times  with  the  hot  ammoniacal  solution  of  ammonium 
chloride  and  then  5  times  with  water.  To  the  filtrate  add  a  drop 
of  methyl  orange  solution  and  neutralize  with  concentrated  hy¬ 
drochloric  acid,  adding  10  drops  in  excess.  Destroy  the  methyl 
orange  with  a  few  drops  of  bromine  water,  dilute  to  about  250 
ml.,  and  heat  the  solution  to  boiling.  Cool  to  about  80°  C.  and 
titrate  with  standard  potassium  ferrocyanide,  using  the  uranyl 
acetate  solution  as  an  outside  indicator. 

If  more  time  is  available  and  greater  accuracy  is  desired  the 
electrolytic  determination  (£)  may  be  used;  this  method  is  ap¬ 
plicable  to  amounts  of  cadmium  ranging  from  0.0005  to  1  gram. 
Treat  the  moistened  cadmium  sponge  and  filter  papers  with  5 
ml.  of  concentrated  sulfuric  acid  and  50  ml.  of  saturated  bromine 
water  containing  a  little  liquid  bromine  and  heat  gently  until 
solution  of  cadmium  is  effected  and  bromine  is  expelled.  Dilute 
to  about  250  ml.  and  pass  in  hydrogen  sulfide  for  30  minutes. 
Filter  off  the  cadmium  sulfide  and  paper  and  wash  twice  with 
hydrogen  sulfide  water.  Dissolve  the  cadmium  sulfide  with 
1  to  1  dilute  nitric  acid,  add  5  ml.  of  concentrated  sulfuric  acid, 
and  evaporate  to  fumes.  If  the  solution  turns  black  add  a  few 
drops  of  nitric  acid  until  the  final  residue  is  white  after  evapora¬ 
tion.  Cool,  add  50  ml.  of  water,  boil,  and  cool.  Add  a  drop  of 
phenolphthalein  solution  and  neutralize  with  sodium  hydroxide 
solution.  Add  the  potassium  cyanide  solution  dropwise  until 
the  cadmium  hydroxide  has  just  dissolved;  avoid  an  excess. 
Electrolyze  according  to  instructions  in  (£) . 

Results  and  Discussion 

Many  qualitative  examinations  have  shown  that  under 
the  conditions  described  in  the  separation  procedure  no  zinc 
occurs  in  the  washed  aluminum  precipitate  and  no  cadmium 
is  left  in  the  filtrate  after  two  precipitations. 

The  precipitation  of  cadmium  by  aluminum  has  been  used 
(8)  to  remove  most  of  the  cadmium  in  the  assay  of  zinc  ores, 
but  most  authorities  state  that  a  little  of  the  cadmium  redis¬ 
solves.  This  phenomenon  is  the  reason  for  the  second  alumi¬ 
num  precipitation  in  this  work,  although  it  has  been  the 


authors’  experience  that  for  very  small  amounts  of  cadmium 
(2  or  3  mg.  or  less)  one  precipitation  is  sufficient  unless  great 
accuracy  is  desired.  The  precipitated  cadmium  sponge  oxi¬ 
dizes  readily  and  should  not  be  exposed  to  air  any  longer  than 
necessary. 

The  ammonia  precipitation  in  the  ferrocyanide  titration 
method  and  the  final  hydrogen  sulfide  precipitation  in  the 
electrolytic  method  are  for  the  purpose  of  removing  the  slight 
amount  of  iron  coming  from  the  aluminum  reagent. 

In  the  ferrocyanide  method  it  is  important  that  the  con¬ 
centrations  of  acid  and  ammonium  chloride  be  the  same  for 
standard  and  unknown;  the  actual  amounts  mentioned  here 
are  not  absolutely  imperative. 

Table  I  shows  cadmium  recoveries,  using  c.  p.  materials, 
obtained  by  the  ferrocyanide  titration. 

Table  I.  Sepabation  of  Cadmium  from  Zinc  by  Aluminum 


Zn  Present 

Cd  Present 

Cd  Recovered 

Error 

Or  a  ms 

Gram 

Oram 

M0. 

0.0100 

0.1002 

0.1004 

+0.2 

0.0556 

0.0640 

0.0643 

+0.3 

0.0583 

0.0654 

0.0654 

0  0 

0.0757 

0.1545 

0.1541 

-0.4 

0. 1000 

0.1000 

0.0998 

-0.2 

0.5000 

0.1003 

0.1009 

+0.6 

1.0000 

0.1014 

0.1015 

+0.1 

2 . 0000 

0.1006 

0.1004 

-0.2 

In  the  application  of  the  aluminum  separation  to  actual 
practice  a  number  of  metallurgical  materials  which  are  regu¬ 
larly  analyzed  in  this  laboratory  were  analyzed  for  cadmium, 
cadmium  being  separated  from  zinc  both  by  the  aluminum 
method  and  by  the  conventional  hydrogen  sulfide  method. 
The  comparison  of  the  results  obtained  is  seen  in  Table  II. 

Table  II.  Comparison  of  Results  by  Aluminum  and  Hy¬ 
drogen  Sulfide  Separations 

Cadmium  Content 


Sample 

HiS  method 

A1  method 

% 

% 

By-product  lead  eulfate.  Lot  1“ 

0.43 

0.42 

By-product  lead  sulfate,  Lot  2° 

0.42 

0.41 

Cadmium  sulfide  slurry® 

6.71 

6.69 

Prime  Western  spelter® 

0  181 

0.183 

Zinc  sulfide  ore,  Lot  lf> 

0.364 

0.363 

Zinc  sulfide  ore,  Lot  2b 

0.125 

0. 129 

Sponge  cadmium,  Lot  1& 

81.04 

80.99 

Sponge  cadmium,  Lot  2b 

79.58 

79.58 

Sponge  cadmium,  Lot  3* 

79.35 

79.39 

®  Ferrocyanide  titration. 
b  Eleotrolytie  determination. 

In  the  case  of  samples  containing  very  large  amounts  of 
zinc  or  iron  it  is  convenient  to  make  an  initial  precipitation 
with  hydrogen  sulfide  to  remove  all  the  regular  hydrogen 
sulfide  group.  An  appreciable  amount  of  zinc  must  also  be 
brought  down  to  ensure  complete  precipitation  of  cadmium. 
The  zinc  precipitated  here  is  later  separated  by  the  aluminum 
method.  This  initial  precipitation  with  hydrogen  sulfide  is 
particularly  recommended  for  zinc  ores  and  for  spelters. 
Separations  of  elements  other  than  cadmium  and  zinc  are 
accomplished  by  standard  procedures. 

Summary 

The  use  of  granular  aluminum  as  a  reagent  for  the  quanti¬ 
tative  separation  of  cadmium  from  zinc,  although  it  does  not 
entirely  supplant  the  hydrogen  sulfide  method  in  all  cases, 
reduces  the  number  of  hydrogen  sulfide  separations  in  the 
determination  of  cadmium  and  effects  a  great  saving  in  time. 
This  method  is  widely  applicable  in  metallurgical  analysis 
and  is  convenient  to  use. 
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Rapid  Determination  of  Phosphorus 
in  Linseed  Oil  by  Oxygen  Bomb 

GEORGE  T.  PIERCY,1  EDWIN  K.  PLANT,  AND  M.  C.  ROGERS 
University  of  Minnesota,  Minneapolis,  Minn. 


DURING  experimental  work  being  conducted  to  ascertain 
the  practicability  of  a  solvent  refining  process  for  linseed 
oil  it  became  necessary  to  determine  the  phosphorus  content 
of  the  oil  at  various  stages  of  the  refining  process.  As  is  well 
known,  the  “break”  or  mucilaginous  material  which  separates 
out  on  heating  linseed  oil  consists  to  a  large  extent  of  the 
phospholipids  or  substituted  fats  containing  phosphoric  acid 
and  nitrogen. 

Although  the  phospholipid  content  of  the  oil  can  be  esti¬ 
mated  qualitatively  by  the  simple  mechanical  means  of  heat¬ 
ing  the  oil  and  observing  the  break,  this  procedure  is  very 
difficult  to  make  quantitative  and  therefore  it  is  difficult  to 
determine  whether  the  oil  has  been  improved  by  treatment. 
Also,  this  method  is  not  applicable  to  the  determination  of 
phosphorus  in  extracts  from  solvent  treating,  such  as  are 
being  obtained  in  the  current  investigation.  Therefore,  some 
quick  satisfactory  method  had  to  be  devised. 

Among  the  available  methods  for  the  determination  of 
phosphorus  is  the  Fiske-Subbarow  method  ( 1 ).  Most  of  the 
methods  are  colorimetric  and  entail  a  long  period  of  ashing 
of  the  oil  sample,  in  order  to  prevent  loss  during  ignition. 
Since  the  number  of  samples  for  analysis  in  this  investiga¬ 
tion  was  very  large  and  the  ashing  time  would  be  prohibitive, 
recourse  was  had  to  the  oxygen  bomb  as  a  means  of  oxidizing 
the  sample  rapidly. 


Apparatus 

The  oxygen  bomb  used  was  of  400-ml.  capacity,  made  of  illium 
(S). 

The  centrifuge  tubes  were  of  the  modified  Goetz  type  shown  in 
Figure  1.  The  tube  proper  had  a  volume  of  16  ml.  and  the  bottom 
section  was  graduated  up  to  a  volume  of  0.25  ml.  in  0.01-ml. 
graduations. 


Method 


removed  after  its  contents  are  washed 
into  the  beaker  with  the  aid  of  a 
policeman.  At  this  point  there  should 
be  about  150  cc.  of  solution.  Evapo¬ 
rate  this  solution  just  to  dryness, 
add  2  cc.  of  concentrated  nitric  acid, 
and  dilute  to  about  30  cc.  Place 
the  beaker  containing  this  solution 
and  some  standard  molybdate  solu¬ 
tion  (2)  in  a  bath  kept  at  50°  C. 

After  constant  temperature  has 
been  attained,  pour  25  cc.  of  the 
molybdate  solution  into  the  beaker 
at  such  a  rate  that  it  requires  30 
seconds  for  the  addition.  After  a 
short  period  of  stirring  pour  the  solu¬ 
tion  into  the  centrifuge  tubes  and 
wash  the  beaker  into  the  tubes.  Then 
put  the  tubes  into  the  centrifuge  and 
turn  at  1300  r.  p.  m.  for  15  minutes. 
Remove  the  tubes  from  the  centrifuge 
and  read  the  volume  of  the  precipitate 
in  the  tube. 

Pour  oS  the  supernatant  liquid, 
which  is  decidedly  acidic,  and  add  15 
cc.  of  concentrated  ammonium  hy¬ 
droxide.  Agitate  the  precipitate  with 
a  Nichrome  wire  until  all  the  yellow 
color  has  disappeared,  leaving  only  the 
black  ash  material.  Then  fill  the  tubes 
with  water  and  again  centrifuge  for  15 
minutes.  Remove  again  and  read  the 
volume  of  the  undissolved  material. 
The  initial  reading  minus  the  reading  of  undissolved  materials 
gives  the  true  volume  of  the  ammonium  phosphomolybdate. 

Calculation 

Each  0.01  cc.  of  ammonium  phosphomolybdate  represents 
0.00033  gram  of  phosphorus. 


Figuee  1.  Centbi- 
fuge  Tube 
Dimensions  in  cm. 


%P 


(0.00033  X  volume  read  in  0.01  cc.)  X  100 

weight  of  sample 


Weigh  2  grams  of  oil  into  a  15-ml.  fused  silica  crucible.  (Silica 
crucibles  are  preferred  to  illium  because  they  will  not  tarnish  on 
ignition.)  Attach  10  to  12  cm.  of  pure  iron  fuse  wire  No.  30  to  the 
electrical  terminals  of  a  standard  Parr  oxygen  bomb,  bending  the 
wire  so  that  it  hangs  in  a  U-shape  in  the  crucible,  which  is  placed 
in  the  loop  of  the  terminal.  Add  30  to  40  cc.  of  distilled  water  to 
the  bomb,  wet  the  gasket  and  rim  with  water,  and  assemble  the 
bomb.  Admit  oxygen  slowly  until  the  pressure  is  30  atmospheres, 
then  remove  the  filling  tube  and  tighten  the  thumb  nut  in  place. 
Place  the  bomb  in  a  bucket  of  water  that  is  slightly  below  room 
temperature  to  absorb  the  heat  liberated  by  the  burning  oil,  and 
ignite  the  oil  by  touching  the  electrical  terminals  to  a  direct  cur¬ 
rent  potential  of  20  volts. 

Allow  the  bomb  to  remain  in  the  water  for  15  minutes,  then 
remove  it  from  the  water  and  slowly  release  the  pressure  in  the 
bomb,  taking  4  to  5  minutes  for  the  release.  A  slow-release  valve 
may  be  used,  but  has  not  been  found  necessary.  After  the  pres¬ 
sure  is  released,  loosen  and  raise  the  cover  on  the  bomb,  and  wash 
the  valve  with  distilled  water,  allowing  the  drippings  to  fall  into 
the  bomb.  Remove  the  cover  and  place  it  over  a  250-cc.  beaker, 
taking  care  to  keep  it  in  a  vertical  position.  Then  by  the  use  of 
a  stirring  rod  spill  the  crucible  and  its  contents  into  the  beaker. 
Return  the  cover  to  its  position  over  the  bomb  and  wash  the  elec¬ 
trodes  so  that  the  water  falls  into  the  bomb.  Wash  the  cover  of 
the  bomb  thoroughly  with  distilled  water,  adding  the  washings  to 
those  already  in  the  bomb. 

Add  10  cc.  of  concentrated  nitric  acid  (specific  gravity  1.42)  to 
the  bomb,  mix,  and  then  pour  the  acid  solution  into  the  beaker. 
Then  completely  wash  the  bomb  into  the  beaker  with  distilled 
water.  Add  20  cc.  more  of  the  acid  and  stir.  The  crucible  may  be 


1  Present  address,  Standard  Oil  Company  of  Louisiana,  Baton  Rouge,  La. 


Accuracy  of  Tests 

The  results  of  running  several  check  samples  on  several 
oils  give  the  range  of  values  that  can  be  expected  on  each  oil. 


Sample 

Table  I. 
l 

Check  Runs 
2 

3 

Av. 

Oil  A 

0.000 

0.000 

0.000 

0.000 

Oil  B 

0.044 

0.042 

0.043 

0.043 

Oil  C 

0.040 

0.041 

0.039 

0.040 

50%  A,  50%  B 

0.021 

0.022 

0.019 

0.020 

Examination  of  Table  I  indicates  that  the  percentage  of 
error  is  greater  for  a  lower  phosphorus  content.  The  values 
run  on  the  break  and  phosphorus-free  oil  were  used  to  deter¬ 
mine  whether  the  results  obtained  were  all  due  to  the  phos¬ 
phorus  in  the  oil. 

Summary 

The  Parr  oxygen  bomb  is  satisfactory  for  the  determina¬ 
tion  of  phosphorus  in  linseed  oil,  and  provides  a  faster  means 
of  phosphorus  determination  than  present  methods.  The 
accuracy  compares  favorably  with  other  available  methods. 
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Null-Type  Photoelectric  Spectrophotometer 

CHARLES  J.  BARTON1  AND  JOHN  H.  YOE 
University  of  Virginia,  Charlottesville,  Va. 


A  null-type  photoelectric  spectropho¬ 
tometer  employing  barrier-layer  photo¬ 
cells  is  described.  Details  of  construction 
and  operation  are  given.  Tests  of  the  sensi¬ 
tivity,  reproducibility,  and  accuracy  of  the 
instrument  are  described.  The  instrument 
can  be  used  for  accurate  spectrophoto- 
metric  measurements,  the  study  of  colori¬ 
metric  methods  of  analysis,  and  other 
types  of  absorption  measurements. 

RECOGNITION  of  the  importance  of  spectrophotome¬ 
try  in  analytical  chemistry  has  increased  steadily  in 
recent  years  ( 1 ,  21,  22).  The  limitations  of  visual  spectro¬ 
photometry  are  also  well  recognized  and  a  number  of  photo¬ 
electric  spectrophotometers  have  been  devised  to  overcome 
these  limitations  ( 2 ,  6-20,  23,  24,  25).  Most  of  these 
instruments  are  objectionable  from  the  standpoint  of  the 
analytical  chemist,  either  because  of  the  high  cost  or  the 
difficulties  involved  in  the  construction  and  operation  of  the 
instruments.  The  object  in  developing  the  photoelectric 
spectrophotometer  described  in  this  paper  was  to  obtain  an 
instrument  particularly  suited  for  use  in  analytical  labora¬ 
tories.  Obviously,  such  an  apparatus  should  be  simple  in 
construction  and  operation,  should  have  a  high  degree  of 
sensitivity  and  reproducibility,  and  should  be  comparatively 
inexpensive. 

Optical  System 

The  optical  system  of  the  instrument  is  shown  in  Figure  1.  A 
General  Electric,  200-watt,  120-volt,  prefocus  base  projection 
lamp  was  employed.  An  image  of  the  projection  lamp  filament, 
LS,  is  focused  by  the  lenses,  L\  and  Li,  on  the  collimator  slit, 
Si,  of  the  monochromator.  The  light  from  the  collimator  slit 
passes  through  the  collimator  lens,  Lh  and  the  dispersing  prism,  P, 
a  Pellin-Broca  constant  deviation  prism.  The  dispersed  light 
is  reflected  through  a  right  angle  by  the  aluminized  mirror,  M, 
and  is  then  focused  by  the  telescope  lens,  Lt,  on  the  telescope  slit, 
S2.  The  light  from  the  telescope  slit  is  made  approximately 
parallel  by  the  achromatic  lens,  L5,  and  is  then  divided  by  the 
right-angle  prism,  DP,  which  has  aluminized  faces.  The  light 
reflected  from  the  two  sides  of  the  right-angle  dividing  prism 
falls  on  the  photocells,  PC;  the  light  from  one  side  passes  through 
the  absorption  cell,  AC. 


Figure  1.  Diagram  of  Optical  System 


The  monochromator  was  constructed  and  calibrated  in  this 
laboratory.  The  prism,  which  is  the  same  as  that  used  in  the 
Bausch  &  Lomb  large  spectrometer,  is  mounted  on  a  circular 
table  graduated  in  0.5  degree  and  equipped  with  a  vernier  read¬ 
ing  to  one  minute  of  arc.  The  screw  by  which  the  table  is  ad¬ 
justed  has  40  turns  to  the  inch.  No  special  type  of  screw  is  re- 

1  Present  address,  C.  and  O.  Railway  Co.,  Chemical  Laboratory,  Test 
Department,  Huntington,  W.  Va. 


quired.  The  prism  table  readings  are  converted  into  wave 
lengths  by  means  of  a  calibration  curve  prepared  by  observing 
the  positions  of  the  table  corresponding  to  mercury  arc  lines  of 
known  wave  length.  The  unilateral  slits  have  jaws  30  mm.  high 
and  were  calibrated  by  means  of  mercury  arc  lines  so  that  a  wave 
band  approximately  10  m/i  wide  can  be  isolated  at  each  wave¬ 
length  setting  of  the  monochromator.  The  dividing  prism  is 
mounted  so  that  it  can  be  moved  back  and  forth  in  a  line  per¬ 
pendicular  to  the  optical  axis  of  the  monochromator,  thus  varying 
the  proportion  of  the  light  falling  on  the  two  photocells. 

Solution  Cells  and  Holder 

The  solution  cells  (No.  12337)  were  obtained  from  the  Central 
Scientific  Company.  They  have  a  capacity  of  about  10  ml.  and 
their  internal  thickness  is  10.00  =*=  0.05  mm.  Microcells  of  2-ml. 
capacity  and  an  internal  thickness  of  10.00  mm.  may  also  be  used. 
The  light  beam  that  passes  through  the  solution  cell  is  about  4 
mm.  wide  and  14  mm.  high. 

A  cell  holder  with  three  compartments  accommodates  a  stand¬ 
ard  and  two  sample  solutions.  The  holder  slides  in  a  metal 
groove  equipped  with  a  pin  and  spring  arrangement,  so  that  each 
compartment  can  be  stopped  in  the  light  beam.  This  facilitates  a 
rapid  interchange  of  the  sample  solutions  and  the  standard. 

Electrical  Circuit 

The  electrical  circuit  is  shown  in  Figure  2.  A  modification 
of  this  circuit  was  recommended  to  the  authors  by  R.  H. 
Muller.  This  and  similar  circuits  have  been  described  in 
the  literature  (3,  4,  %%)  ■ 


Figure  2.  Diagram  of  Electrical 
Circuit 


In  the  diagram  P 1  and  P2  represent  the  photocells,  R\  and  I?2 
variable  resistances,  G  the  galvanometer,  and  GS  the  galva¬ 
nometer  switch. 

The  photocells  are  Electrocells,  barrier-layer  photocells  dis¬ 
tributed  in  this  country  by  Dr.  F.  Lowenberg,  10  East  40th 
St.,  New  York,  N.  Y.  Photronic  cells  were  employed  in  the 
authors’  early  work  but,  with  the  low  level  of  illumination  used 
in  this  instrument,  they  did  not  provide  sufficient  current  to  give 
the  desired  sensitivity. 

The  variable  resistances  are  General  Radio  Type  314-A  rheo¬ 
stat-potentiometers.  The  total  resistance  of  the  measuring  rheo¬ 
stat  is  1940  ohms,  while  that  of  the  compensating  rheostat  is  ap¬ 
proximately  6000  ohms.  The  measuring  rheostat  is  equipped 
with  a  15-cm.  (6-inch)  dial  having  450  scale  divisions  over  270° 
of  the  circumference  of  the  dial.  There  are  approximately  two 
turns  of  wire  on  the  rheostat  for  each  division  on  the  dial.  The 
resistance  of  the  rheostat  at  0.5  dial  unit  intervals  was  determined 
by  means  of  a  Wheatstone  bridge  arrangement. 

The  transmission  corresponding  to  each  dial  reading  was  cal¬ 
culated  from  the  calibration  data.  The  formula  used  for  the 
calculation  of  the  per  cent  transmission  is 

(1940  -  X)  100 
lx  1940  -  140 
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after  the  initial  balance  had  been  obtained, 
and  observing  the  corresponding  change  in 
the  galvanometer  reading.  A  10  mp  wave 
band  was  used  at  each  wave  length.  The 
results  are  shown  in  Figure  4.  Since  0.5 
dial  unit  is  equivalent  to  0.1  per  cent  in 
transmission  and  0.1  mm.  may  be  assumed 
to  be  the  smallest  detectable  change  in  the 
position  of  the  galvanometer  index  line,  the 
graph  shows  the  smallest  difference  in 
transmission  that  can  be  detected  at  any 
wave  length.  Increasing  the  lamp  voltage 
by  10  or  15  per  cent  greatly  increases  the 
sensitivity,  but  since  the  life  of  the  lamp 
decreases  exponentially  with  increasing  over¬ 
load,  the  normal  line  voltage  of  115  volts  was 
nearly  always  used. 


Figure  3.  Complete  Assembly  of  Photoelectric  Spectrophotometer 


where  X  is  the  resistance  at  any  given  dial  position,  1940  ohms  is 
the  resistance  at  the  full  dial  reading,  450  units,  and  140  ohms  is 
the  resistance  at  the  zero  dial  position.  This  formula  assumes  a 
linear  relation  between  photocell  current  and  light  intensity. 
Evidence  supporting  this  assumption  is  given  below. 

The  galvanometer,  G-M  Laboratories,  Inc.,  No.  2551-A,  is 
sensitive  to  5.6  X  10~10  ampere  per  scale  division  at  1  meter  and 
has  1417  ohms  coil  resistance.  It  is  used  with  a  No.  1‘217-A 
light  source  and  a  semitransparent  scale.  A  simple  radio-type 
switch  serves  to  open  and  close  the  galvanometer  circuit. 

Figure  3  shows  the  complete  assembly  of  the  apparatus. 
It  was  built  at  a  cost  of  approximately  $300. 

Operation 

A  null  method  is  used  for  measurements.  For  the  initial  bal¬ 
ancing  of  the  electrical  circuit,  the  measuring  rheostat  is  set  at  the 
zero  dial  position,  a  solution  cell  filled  with  distilled  water  (or 
other  standard  solution)  is  placed  in  the  light  beam,  the  switch  is 
closed,  and  the  galvanometer  index  line  is  brought  to  the  zero 
scale  position  by  means  of  the  compensating  rheostat.  The 
screw  adjustment  in  the  dividing  prism  mounting  can  also  be 
used  to  aid  in  the  initial  balancing  of  the  circuit.  After  the 
initial  balance  has  been  obtained,  the  galvanometer  switch  is 
opened  and  a  solution  cell  filled  with  a  colored  solution  is  moved 
into  the  light  beam.  The  switch  is  then  closed  again  and  the 
circuit  rebalanced  by  means  of  the  measuring  rheostat.  The 
transmission  reading  obtained  is  a  relative  one,  based  on  the 
assumption  that  the  transmission  of  the  water  or  the  standard 
solution  is  100  per  cent. 

Effect  of  Voltage  Variations 

The  principal  object  in  using  two  photocells  instead  of  one 
in  an  instrument  of  this  type  is  to  avoid  the  necessity  of  having 
a  constant  source  of  light.  The  lamp  was  operated  on  a  cur¬ 
rent  of  115  volts  alternating  current  and  its  voltage  was  con¬ 
trolled  by  a  variable  rheostat.  Since  the  line  voltage  fre¬ 
quently  changes  during  the  course  of  transmission  measure¬ 
ments,  it  is  important  to  know  whether  such  changes  cause 
an  appreciable  error.  The  effect  of  a  variation  of  ±5  volts 
between  the  initial  and  final  balance  points  was  determined 
for  a  certain  solution  at  a  number  of  wave  lengths.  The 
error  in  the  transmission  measurements  resulting  from  the 
change  in  voltage  did  not  exceed  0.1  per  cent  (actual  dif¬ 
ference  in  transmission  reading)  at  any  wave  length.  The 
voltage  variations  observed  are  usually  considerably  less  than 
5  volts,  so  the  error  from  this  source  is  considered  negligible. 

Sensitivity 

The  sensitivity  of  the  instrument  was  determined  at  25  mg 
intervals  by  changing  the  measuring  rheostat  10  dial  units, 


Reproducibility 

The  reproducibility  of  measurements  was  tested  by  making 
a  large  number  of  transmission  determinations  on  solutions 
of  a  blue  dye,  Pontacyl  Brilliant  Blue  V,  containing  from  1 
to  20  p.  p.  m.  of  the  dye.  These  measurements  were  made  at 
two  wave  lengths,  575  and  625  m p,  respectively.  The  latter 
wave  length  is  near  the  wave  length  of  maximum  absorption 
for  these  dye  solutions.  The  average  deviation  from  the 
mean  of  from  three  to  five  transmission  measurements  at 
each  concentration  wras  found  to  be  0.1  per  cent. 


Figure  4.  Sensitivity  Curve 


A  plot  of  concentration  against  transmission  on  a  semi- 
logarithmic  scale,  a  test  of  Beer’s  law  for  these  solutions,  is 
shown  in  Figure  5.  The  graph  shows  that  a  linear  relation 
exists,  within  the  limit  of  experimental  error,  down  to  a 
transmission  of  less  than  5  per  cent.  This  is  considered ^ex- 
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perimental  proof  of  a  linear  relation  between  light  intensity 
and  photocell  current  for  the  conditions  used  in  this  instru¬ 
ment.  Because  of  the  low  light  intensity,  much  higher  resist¬ 
ances  than  those  employed  by  Brice  (4)  cause  no  appreciable 
deviation  from  linearity. 


Figure  6.  Transmission  Curves  fob  Coppeb-Pybidine 

Solution 


methods  with  the  view  of  adapting  them  for  use  with  photo¬ 
electric  spectrophotometers  or  colorimeters.  Two  such 
studies  have  been  made  with  the  instrument  and  these  will 
be  reported  later. 


Figure  5.  Test  of  Beer’s  Law  with  Solutions  of 
Brilliant  Blue  V 


The  reproducibility  of  measurements  involving  resetting 
of  the  monochromator  was  found  to  be  limited  by  the  error 
in  ^the  monochromator  setting.  On  the  average,  such  meas¬ 
urements  can  be  reproduced  to  about  0.3  per  cent. 

Accuracy 

An  indication  of  the  accuracy  of  transmission  measure¬ 
ments  made  with  the  photoelectric  spectrophotometer  was 
obtained  by  measurements  on  a  copper-pyridine  solution  con¬ 
taining  3.000  grams  of  cupric  sulfate  pentahydrate,  3.000 
grams  of  d-mannitol,  and  30.0  ml.  of  pyridine  per  liter  of 
solution.  Transmission  measurements  on  such  a  solution 
have  been  reported  by  Davis  and  Gibson  (5)  of  the  National 
Bureau  of  Standards.  Transmission  measurements  were 
made  at  25  mg  intervals  from  425  to  675  mg.  The  average  of 
three  determinations  for  each  wave  length  is  shown  graphi¬ 
cally  in  Figure  6,  together  with  the  data  of  Davis  and  Gibson. 
The  agreement  is  considered  satisfactory  in  view  of  the  un¬ 
avoidable  uncertainty  in  the  wave-length  setting  of  the 
monochromator  and  the  width  of  the  wave  band  used. 

Uses 

The  instrument  is  well  suited  for  accurate  colorimetric 
determinations,  particularly  for  methods  requiring  selective 
absorption  in  order  to  obtain  a  high  degree  of  sensitivity. 
It  is  also  of  value  for  making  careful  studies  of  colorimetric 
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Assay  for  Platinum  Metals  in  Ore  Concentrates 

JOHN  SEATH  AND  F.  E.  BEAMISH,  University  of  Toronto,  Toronto,  Ontario,  Canada 


ASIDE  from  occurrences  in  dunites,  pyroxenites,  and 
J\_  placer  deposits,  the  platinum  metals  are  generally  as¬ 
sociated  with  high  proportions  of  nickel,  copper,  and  iron  sul¬ 
fides,  the  mechanical  concentration  of  which  results  in  the 
accumulation  of  these  base  metals. 

During  an  investigation  involving  such  concentrates  ob¬ 
tained  from  certain  nickel  deposits  of  Northern  Ontario  the 
authors  met  with  considerable  difficulty  in  the  assay  for 
platinum  metals.  This  was  a  result  of : 

1.  Inability  of  the  lead  completely  to  collect  the  precious 
metals  on  a  single  fusion. 

2.  Persistent  failure  of  the  flux  to  slag  off  sufficient  base  metals 
to  produce  a  clean  button.  Despite  repeated  scorification  of  the 
lead  buttons  with  a  great  variety  of  fluxes,  cupellation  always  re¬ 
sulted  in  the  deposition  of  nickel  oxide  with  which  much  of  the 
platinum  metals  was  mechanically  mixed  in  the  form  of  the  silver 
alloy. 

3.  The  presence  of  much  base  metal  in  the  lead  button  pre¬ 
vented  the  use  of  the  all-dry  assay  in  which  the  precious  metals 
could  be  weighed  directly.  This  was  a  great  disadvantage  in 
cases  where  the  relative  proportions  of  platinum  metals  and  gold 
in  each  sample  were  fairly  constant  and  it  was  necessary  only  to 
obtain  total  values. 

The  authors  could  find  no  textbook  which  dealt  with  these 
problems,  although  a  search  of  the  literature  revealed  that 
similar  difficulties  had  been  encountered  and  attempts  made 
toward  their  solution. 

Savelsberg  and  Fischer  (5)  discussed  the  failure  of  the  platinum 
fire  assay  in  iron  crucibles,  and  attributed  it  to  the  specific 
affinity  of  iron  for  the  platinum  metals.  They  also  reported  that 
difficulty  was  experienced  in  the  complete  removal  of  the  plati¬ 
num  metals  from  high-nickel  material.  Because  of  failure  to 
secure  a  clean  button  they  abandoned  the  all-dry  assay  and 
recommended  collection  with  lead  and  silver.  They  also  gave 
an  account  of  their  attempt  to  collect  precious  metals  by  means 
of  galena,  but  again,  partly  because  of  the  presence  of  nickel  in 
the  matte,  the  method  was  unsatisfactory. 

Adam  ( 1 )  stated  that,  in  the  fire  assay,  precautions  are  neces¬ 
sary  if  the  sample  contains  quantities  of  copper  and  nickel,  but 
details  were  omitted.  Rusden  and  Henderson  (4)  dealt  with  the 
fire  assay  of  speiss;  in  order  to  remove  base  metals  they  recom¬ 
mended  two  fusions  of  the  slag  and  three  pure  lead  scorifications 
of  the  three  buttons,  but  stated  that  this  procedure  is  not  an  ac¬ 
curate  method  of  estimating  total  platinum  metals  in  speiss. 

It  appeared  desirable  to  investigate  (1)  the  specific  effect 
of  copper,  nickel,  and  iron  oxides  on  the  fire  collection  of 
platinum  metals;  and  (2)  the  efficiency  of  standard  types  of 
fluxes  subjected  to  varying  temperatures. 

Assay  of  South  African  Sulfide  Concentrate 

A  large  sample  of  South  African  concentrate  was  obtained 
and  analyzed  for  base  metals.  On  the  basis  of  the  roasted 
concentrate  the  results  were  18.6  per  cent  nickel  oxide,  50.2 
per  cent  ferric  oxide,  11.6  per  cent  copper  oxide,  and  16.1  per 
cent  silicon  dioxide. 

The  following  bisilicate  flux  was  used  per  assay  ton  of  con¬ 
centrate: 

Litharge,  100  grams 
Soda  ash,  60  grams 
Borax,  40  grams 
Silioa,  41  grams 
Silver,  200  mg. 

Flour,  sufficient  to  produce  a  30-gram  lead  regulus 

The  concentrate  was  first  roasted  to  remove  sulfur  with  in¬ 
termittent  additions  of  charcoal  to  remove  arsenic.  The  charge 
was  then  placed  in  the  furnace  at  950°  C.  The  temperature  was 
raised  continuously  for  45  minutes  to  about  1200°  C.  and  main¬ 
tained  for  20  to  30  minutes.  The  resulting  button  was  cleaned 
by  two  washings  with  a  bisilicate  flux  composed  of  60  grams  of 


soda  ash,  76  grams  of  borax,  19  grams  of  silica,  and  79  grams  of 
litharge.  As  platinum  metals  were  usually  found  in  the  two 
slags,  they  were  fused  by  means  of  234  grams  of  the  above  flux 
with  addition  of  flour  and  further  litharge  to  produce  button  2. 
The  heat  treatment  was  that  described  above. 

The  same  quantity  of  the  latter  flux  and  the  same  heat  treat¬ 
ment  were  also  used  for  two  fusions  of  the  original  slag,  which 
was  invariably  found  to  contain  appreciable  amounts  of  platinum 
metals,  producing  buttons  3  and  4. 

The  four  buttons,  each  weighing  about  30  grams,  were  then 
scorified  to  form  30  to  40  grams  and  cupeled  at  900°  C.  The 
silver  bead  was  treated  according  to  the  wet  procedure  outlined 
below. 

The  average  of  closely  checking  results  was  15.0  mg.  of 
total  platinum  metals  per  assay  ton  of  concentrate.  In  this 
concentrate  the  relative  proportions  of  platinum  metals  were 
69.0  per  cent  platinum,  27.2  per  cent  palladium,  3.4  per  cent 
gold,  and  0.41  per  cent  insoluble  platinum  metals.  (The 
result  reported  for  this  concentrate  by  a  reputable  com¬ 
mercial  assayer  who  used  a  standard  wet  treatment  of  the 
silver  bead  was  14.7  mg.  of  total  precious  metals  per  assay 
ton  of  concentrate.) 

The  weights  of  platinum  metals  in  the  first  slag  (button  3) 
were  found  to  range  from  2.0  to  0.2  mg.,  in  which  a  very  con¬ 
siderable  proportion  of  platinum  and  palladium  was  found 
as  well  as  much  of  the  insoluble  precious  metals.  The  second 
slag  (button  4)  yielded  from  0.3  to  0.05  mg.  of  platinum 
metals.  Here  again  there  was  appreciable  platinum  and 
palladium,  although  most  of  the  residue  consisted  of  insoluble 
platinum  metals. 

A  fusion  of  the  second  slag  was  regularly  made,  but  only 
in  rare  cases  could  even  traces  of  platinum  metals  be  detected. 
The  platinum  metals  from  the  two  washings  of  the  button 
generally  weighed  from  0.5  to  0.1  mg.  and  consisted  almost 
entirely  of  platinum  and  palladium.  In  many  cases  the  fusions 
of  the  slags  and  buttons  were  made  in  one  original  pot.  As 
would  be  expected,  the  acid  charges  only  slowly  attacked  the 
clay  pots. 

Efficiency  of  Standard  Fluxes 

Fusions  were  made  with  fluxes  containing  acid  oxide-basic 
oxide  ratios  of  1  to  1,  2  to  1,  and  3  to  1,  in  each  of  which  the 
proportions  of  borax,  soda  ash,  silica,  and  litharge  were  widely 
varied.  These  charges  were  subjected  to  furnace  tempera¬ 
tures  increasing  slowly  to  1200°  and  1300°  C.  and  maintained 
for  0.5,  1,  1.5,  2,  and  2.5  hours;  to  temperatures  increasing 
rapidly  to  1200°  and  1300°  C.  and  maintained  for  1  and 
2  hours;  and  to  initial  temperatures  of  1200°  and  1300°  C. 
maintained  for  1,  2,  and  3  hours.  In  all  these  cases  and 
many  others  appreciable  weights  of  platinum  metals  were 
found  in  the  first  and  second  fusions  of  the  original  slag. 

The  fluxes  for  roasted  sulfides  recorded  by  Davis  (3)  and 
other  recommended  charges  were  tried  and  the  results  were 
comparable  to  those  recorded  above. 

The  proportion  of  flux  to  concentrate  was  increased  con¬ 
siderably  and  these  charges  were  subject  to  the  conditions 
of  temperature  described  above.  In  these  cases  the  base 
metal  content  of  the  first  buttons  was  decreased  but  appreci¬ 
able  platinum  metal  values  still  remained  in  the  first  slag. 
In  spite  of  the  fact  that  the  first  slags  carried  the  base  metals 
in  the  reduced  condition  and  were  almost  invariably  homo¬ 
geneous  in  appearance,  platinum  metals  were  consistently 
found  to  be  present.  High  litharge,  high  soda,  and  high 
niter  charges  also  failed  to  extract  all  of  the  platinum  metals 
in  the  first  fusion. 
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Specific  Effects  of  Copper,  Iron,  and  Nickel  Oxides 

A  synthetic  concentrate  was  made  up  to  contain  the  same  pro¬ 
portions  of  iron,  nickel,  silicon,  and  copper  oxides  as  the  roasted 
South  African  concentrate. 

A  weight  of  the  mixture  equivalent  to  1  assay  ton  of  the  sulfide 
concentrate  was  salted  with  10.46  mg.  of  platinum,  4.00  mg.  of 
palladium,  0.50  mg.  of  gold,  and  0.05  mg.  of  iridium  and  rhodium 
in  equal  proportions.  The  bisilicate  flux  and  the  procedure 
adopted  were  identical  with  those  described  for  the  natural 
concentrate. 

An  average  of  closely  checking  results  was  14.9  mg.  of  total 
precious  metals  recovered.  The  original  slag  yielded  about 
0.4  mg.  of  platinum  metals  and  the  button  washings  yielded 
about  0.3  mg.  When  the  ferric  oxide  and  nickel  oxide  were 
omitted  from  the  above  charge,  the  weight  of  platinum  metals 
recovered  from  the  washed  regulus  was  14.9  mg.  The  slag 
yielded  only  a  trace  of  platinum  metals  and  the  button  wash¬ 
ings  none  at  all. 

When  the  copper  oxide  and  nickel  oxide  were  omitted  from 
the  charge,  the  weight  of  platinum  metals  recovered  from  the 
washed  button  was  14.6  mg.  The  slag  yielded  0.3  mg.  of 
platinum  metals  and  the  button  washings  0.1  mg.  When  the 
iron  oxide  and  copper  oxide  were  omitted,  the  weight  of  the 
platinum  metals  recovered  from  the  washed  button  was 
13.4  mg.  The  platinum  metals  recovered  from  the  slag 
weighed  1.2  mg.  and  the  button  washings  yielded  0.3  mg. 

If  the  copper  oxide,  nickel  oxide,  and  iron  oxide  were 
omitted  from  the  above  charge,  there  was  a  complete  recovery 
of  platinum  metals  in  the  first  regulus.  These  experiments 
were  duplicated  with  a  wide  variety  of  fluxes  and  under  vari¬ 
able  temperature  conditions.  In  each  case  similar  results  were 
obtained. 

As  with  the  South  African  concentrate,  the  unwashed 
regulus  from  the  iron,  copper,  and  nickel  synthetic  sample 
yielded  on  cupellation  the  greenish  black  deposit  which  was 
found  to  contain  mechanically  mixed  platinum  metals-silver 
alloy.  The  deposit  proved  on  analysis  to  be  mainly  nickel 
oxide  with  only  a  trace  of  copper  and  iron. 

Wet  Analysis  of  Bead 

The  silver  bead  was  parted  at  low  temperatures  according  to 
the  method  described  by  Beamish  and  Scott  (2).  The  silver  was 
removed  as  chloride  from  the  parting  acid  and  the  palladium  re¬ 
covered  as  dimethylglyoxime.  The  residue  from  the  sulfuric  acid 
treatment  was  washed  first  by  decantation  with  ammonium 
acetate,  then  with  ammonium  hydroxide  and  water.  The  filter 
paper  and  small  residue  were  ignited  and  the  solids  returned  to 
the  residue  remaining  in  the  beaker.  Aqua  regia  (3  to  1)  was 
added  and  the  diluted  extract  filtered  off.  The  nitric  acid  was  re¬ 
moved  by  three  evaporations  with  hydrochloric  acid,  any  silver 
present  was  filtered  off,  and  the  precious  metals  were  precipitated 
with  sodium  formate.  The  formate  precipitate  was  redissolved 
and  again  precipitated  as  above,  in  order  to  eliminate  traces  of 
lead  which  do  not  precipitate  with  formate  in  a  pH  6  medium. 
The  aqua  regia-insoluble  was  washed  with  ammonium  acetate, 
ammonia,  and  water  and  added  to  the  formate  precipitate  and 
the  palladium  obtained  from  the  parting  acid.  The  total  metals 
were  heated  in  air,  reduced  in  hydrogen,  and  cooled  in  carbon 
dioxide. 

All-Dry  Assay  for  Platinum  Metals 

As  suggested  above,  the  all-dry  method  under  certain 
limited  circumstances  offers  considerable  advantages  over  any 
wet  method.  Adam  ( 1 )  states  that  in  South  Africa  it  was 
necessary  only  to  estimate  the  relative  proportions  of  the 
platinum  metals  in  particular  zones  of  a  mine  by  periodic 
examination  of  the  prills  from  numerous  assays,  and  in  the 
Potgietersrust  district  where  the  platinum-palladium  ratio  is 
1  to  1  the  total  platinoids  are  reported  by  simply  weighing 
the  bead  cupeled  without  inquartation  with  silver.  He  gives 


some  information  concerning  the  retention  of  lead  by  some  of 
the  platinum  metals. 

The  authors’  conclusions  concerning  the  efficiency  of  the 
all-dry  method  are  derived  from  considerable  experience  with 
its  applications  and  may  be  summarized  as  follows: 

Over  a  wide  range  of  compositions  and  extended  cupella¬ 
tion  treatment  at  850°  to  900°  C.  the  lead  was  never  quan¬ 
titatively  removed.  As  much  as  40  to  50  mg.  of  lead  may 
remain  with  an  80-mg.  bead. 

Table  I.  Recovery  of  Platinum  Metals  by  All-Dry  Assay 


wt.  of 
Precious 


No. 

Pt 

- Metal  Added— 

Pd  Au 

Insolu¬ 
ble  Rh 
and  Ir 

Total 

Precious 

Metals 

Wt.  of 
Bead 
after  30 
Min.  at 
1300°  C. 

Metals 
by  Wet 
Analysis 
of  Same 
Bead 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

15.0 

5.0 

5.0 

25.0 

25.1 

25.1 

2 

20.0 

20.0 

2.0 

42.0 

42.5 

41.8 

3 

15.0 

15.0 

30.0 

29.9 

29.9 

4 

2.0 

2.0 

2.0 

6.0 

6.1 

6.1 

5 

5.0 

1.0 

50.0 

56.0 

55.9 

55.7 

6 

10.0 

2.0 

100.0 

112.0 

112.0 

111.9 

7 

15.0 

5.0 

5.0 

5.6 

30.0 

26.9 

26.2 

8 

15.0 

5.0 

5.0 

1.0 

26.0 

26.2 

25.9 

9 

15.0 

5.0 

5.0 

0.5 

25.5 

25.6 

25.5 

Contrary  to  the  findings  of  Adam  (1),  the  authors  observed 
that  continued  treatment  of  the  bead  at  about  1300°  C.  often 
results  in  increasing  losses  of  platinum  metals.  Beads  con¬ 
taining  15  mg.  of  platinum,  10  mg.  of  palladium,  5.0  mg.  of 
gold,  and  0.5  mg.  of  insolubles  lost  about  2  mg.  of  platinum 
metals  during  the  second  hour’s  heating  at  1300°  C.  and  about 
2  mg.  in  the  third  hour.  On  some  occasions  even  with  low 
insolubles  the  authors  found  that  cupellation  at  1300°  C. 
in  air  over  a  period  of  an  hour  did  not  quantitatively  remove 
the  lead.  In  such  cases  the  use  of  oxygen  instead  of  air 
hastened  the  removal  of  lead  and  consequently  reduced  the 
danger  of  precious  metal  losses. 

Like  Adam  ( 1 ) ,  the  authors  found  that  a  bead  containing  a 
high  proportion  of  palladium  retained  lead  tenaciously  while 
platinum  reduced  this  tendency. 

The  insolubles,  when  present  in  the  proportions  usually 
associated  with  lode  deposits,  did  not  adversely  affect  the  dry 
assay.  If  the  bead  contained  more  than  about  4  per  cent  of 
insolubles  there  was  a  marked  retention  of  lead  even  after 
an  hour’s  heating  at  1300°  C.  in  the  presence  of  an  oxygen 
atmosphere.  There  were  also  considerable  mechanical  losses 
of  precious  metals  due  to  the  incoherence  of  the  bead.  These 
effects  were  accentuated  in  the  case  of  large  beads. 

Final  treatment  of  the  bead  by  the  well-known  blowpipe 
method  is  not  recommended  by  the  authors.  Only  an  opera¬ 
tor  with  considerable  experience  can  avoid  serious  loss  of 
precious  metals. 

Cupels  of  3X  bone  ash  were  found  the  most  satisfactory 
for  the  final  high-temperature  treatment.  In  the  case  of 
morganite  the  beads  were  cleaned  only  with  difficulty.  Cupels 
made  of  bone  ash  mixed  with  cement  were  found  unsatis¬ 
factory. 

Procedure  for  Dry  Treatment.  The  lead  collection  without 
silver  is  conducted  as  described  above.  The  beads  after  cupella¬ 
tion  at  about  900°  C.  are  transferred  to  small  depressions  in  3X 
bone  ash  vessels  and  placed  for  30  minutes  in  the  muffle  at 
1300°  C.  through  which  a  stream  of  oxygen  is  conducted.  The 
beads  are  cleaned  with  concentrated  acetic  acid,  dried,  and  weighed. 
Applying  this  procedure,  the  South  African  concentrate  described 
above  yielded  15.1  mg.  as  compared  with  15.0  mg.  obtained  by 
wet  analysis.  Direct  examination  of  the  beads  yielded  no  lead  as 
chromate. 

Table  I  illustrates  the  degree  of  accuracy  obtained  by  ap¬ 
plying  this  dry  method  to  synthetic  concentrates  containing 
high  proportions  of  base  metals  and  using  the  fluxing  pro- 
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cedure  described  above  for  the  natural  concentrate.  The 
quantities  of  platinum  metals  recorded  roughly  represent  the 
various  compositions  encountered  by  the  authors. 

No.  7  illustrates  the  fact  that  with  high  percentages  of 
insolubles  the  dry  assay  is  unsatisfactory.  This  is  due  to 
both  retention  of  lead  and  loss  of  precious  metals.  Direct 
examination  by  means  of  chromate  always  revealed  consid¬ 
erable  lead  where  the  composition  and  weight  were  similar  to 
No.  7.  In  many  cases  beads  similar  to  No.  2  yielded  small 
amounts  of  lead.  This  was  found  to  be  caused  by  the  high  pro¬ 
portion  of  palladium  in  a  bead  weighing  about  40  mg.  or  more. 

Summary 

With  ores  or  concentrates  containing  high  proportions  of 
nickel  oxide,  one  or  two  fusions  of  the  slag  are  necessary  for 
complete  collection  of  platinum  metals  in  a  lead  regulus. 

High  proportions  of  copper  and  iron  oxides  have  very  little 
deleterious  effect  on  the  lead  collection  of  platinum  metals. 

Various  monosilicates,  bisilicates,  trisilicates,  and  excess 
litharge  and  niter  charges  subjected  to  wide  temperature 
treatments  did  not  materially  improve  the  first  fusion  re¬ 
covery  of  the  platinum  metals  contained  in  concentrates  of 
high  nickel  content. 


In  the  absence  of  high  proportions  of  rhodium,  iridium,  and 
ruthenium  proper  washing  of  the  lead  regulus  permits  the  ap¬ 
plication  of  the  all-dry  assay.  If  the  proportion  of  insoluble 
to  soluble  platinum  metals  is  very  much  greater  than  that 
usually  present  in  lode  deposits,  the  assay  bead  is  no  longer 
coherent  and  lead  is  retained  even  after  1  to  3  hours’  treat¬ 
ment  at  1300°  C.  in  oxygen.  If  the  proportion  of  palladium 
to  platinum  is  about  1  to  1  or  greater,  a  weight  of  concentrate 
should  be  chosen  to  produce  a  bead  weighing  about  10  or  15 
mg.  Even  where  a  small  amount  of  lead  is  retained,  the  ab¬ 
sence  of  silver  facilitates  wet  analysis  of  the  bead. 

The  all-dry  assay  has  a  limited  application.  It  should 
not  ordinarily  be  used  for  the  original-  discovery  of  platinum 
metals. 
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Dropping  Electrode  with  a  Constant  Head  of  Mercury 

E.  F.  MUELLER,  National  Bureau  of  Standards,  Washington.  D.  C. 


MOST  of  the  dropping 
measurements  have 
maintaining  a  constant 
head  of  mercury,  al¬ 
though  it  is  obvious 
that  such  a  constant 
head  can  be  obtained 
very  simply  by  using 
the  principle  of  the 
Mariotte  flask.  To 
one  unfamiliar  with 
polarographic  litera¬ 
ture,  it  seemed  prob¬ 
able  that  the  device 
had  already  been  used 
but  on  discussing  the 
matter  with  E.  R. 
Smith  of  the  Physical 
Chemistry  Section  of 
this  bureau,  it  ap¬ 
peared  that  this  was 
not  the  case.  He  ac¬ 
cordingly  made  and 
tried  the  device,  and 
has  kindly  supplied  the 
following  comment  and 
description. 

Measurements  made 
with  the  polarograph 
generally  require  com¬ 
parisons  of  wave 
heights  which  are  re¬ 
corded  at  different 
times.  These  wave 
heights  depend  on  a 
number  of  variables, 
among  which  is  the  rate 
of  dropping  of  the  mer- 


electrodes  used  in  polarographic 
no  provision  for  automatically 


cury  electrode.  For  special  purposes  it  is  advantageous  to  ar¬ 
range  the  electrode  so  that  its  dropping  rate  can  be  varied 
arbitrarily,  within  limits,  by  changing  the  height  of  the  column 
of  mercury  or  by  changing  the  external  pressure  on  the  column, 
but  for  most  analyses  it  is  necessary  and  sufficient  to  have 
substantially  a  constant  pressure  acting  on  the  droplets  at 
the  tip  of  the  capillary  both  during  successive  determina¬ 
tions  and  during  an  initial  calibration. 

For  this  purpose,  a  constant  head  of  mercury  may  be  very 
simply  obtained  by  using  the  principle  of  the  Mariotte  flask,  as 
shown  in  Figure  1  (not  drawn  to  scale).  The  reservoir  is  filled 
with  mercury  through  tube  A,  which  is  open  to  the  atmosphere 
and  drawn  to  a  bore  of  about  1  mm.  at  D.  Electrical  connection 
to  the  dropping  electrode,  C,  is  made  through  E.  By  gentle  suc¬ 
tion  at  B,  the  level  of  mercury  in  A  is  brought  down  to  tip  D  and 
then  stopcock  B  is  closed.  As  long  as  the  level  of  the  mercury 
in  the  reservoir  is  above  D,  a  constant  head,  H,  is  maintained  with¬ 
out  attention  to  the  height  or  amount  of  mercury  in  the  reservoir. 
Instead  of  sealing  the  capillary,  C,  to  the  reservoir,  it  may  be  at¬ 
tached  by  a  short  piece  of  rubber  tubing,  as  indicated  by  the  dot¬ 
ted  lines  at  F,  or  by  means  of  an  interchangeable  ground  joint. 
With  a  suitable  set  of  interchangeable  capillaries  different  drop¬ 
ping  rates  may  be  obtained. 

Stopcock  B  should  be  lubricated,  but  the  stopcock  above  F  and 
the  ground  joint  need  not  be.  They  might  be  partially  lubricated 
in  such  a  way  as  to  avoid  contact  between  the  lubricant  and  the 
mercury.  If  used  dry,  some  kind  of  spring  would  be  needed  to 
keep  the  parts  in  position.  Even  without  lubricant,  there  should 
be  no  leakage,  since  the  mercury  would  not  enter  the  narrow 
spaces,  and  air  should  not  leak  in  because  the  pressure  is  above 
atmospheric.  A  dust  cap  for  tube  A  adds  a  touch  of  elegance. 

The  same  device  may  also  be  used  where  it  is  preferable  to  use 
a  single  capillary  sealed  to  the  mercury  reservoir  and  an  adjust¬ 
able  head.  In  this  case  the  mercury  reservoir  is  made  in  the  form 
of  a  tube,  perhaps  8  or  10  mm.  in  inside  diameter  and  somewhat 
less  then  76  cm.  long,  fitted  with  a  perforated  stopper  at  the  top. 
A  long  glass  tube,  corresponding  to  A  in  the  figure,  passes  through 
the  stopper.  If  this  tube  is  of  small  bore  and  if  the  reservoir  of 
mercury  is  nearly  filled  at  the  start,  the  level  in  the  tube  will  fall 
to  the  point  corresponding  to  D  after  a  small  quantity  of  mercury 
has  been  allowed  to  escape  through  the  capillary.  Capacity  for  a 
supply  of  mercury  can  be  provided  in  a  bulb  at  the  top  of  the  long 
reservoir.  By  using  a  two-hole  stopper,  a  stopcock  corresponding 
to  B  may  be  included. 


Flow  Divider  for  Gases 

JOHANNES  H.  BRUUN 

Sun  Oil  Company  Experimental  Division,  Norwood,  Penna. 


IN  CHEMICAL  and  physical  reactions  involving  gases  or 
vapors  of  low-boiling  compounds,  it  is  frequently  neces¬ 
sary  to  divide  the  gas  stream  either  before  or  after  its  passage 
through  the  reaction  chamber  into  two  or  more  smaller 
streams  containing  definite  proportions  of  the  total  gas. 


Sometimes  it  may  be  desirable  to  distribute  the  main  gas 
stream  equally  between  two  or  more  reaction  chambers;  at 
other  times  one  may  want  to  take  out  side  streams  containing, 
for  instance,  10  per  cent  each  of  the  original  gas  stream  or  of 
the  gaseous  reaction  product  for  analytical  or  other  purposes. 

The  general  method  used  for  dividing  gas  streams  consists 
in  placing  the  conventional  T-  or  Y-tubes  in  the  system  and 
regulating  the  amount  of  gas  passing  through  each  side  arm 
by  means  of  either  lubricated  glass  stopcocks  or  adjustable 
clamps  placed  on  the  rubber  tubing.  Since  these  methods 
leave  considerable  room  for  improvement  from  the  standpoint 
of  accuracy,  as  well  as  ease  of  manipulation,  new  methods  were 
studied.  These  investigations  have  led  to  the  construction  of 
a  new  flow  divider  which  has  been  found  very  satisfactory  for 
laboratory  purposes. 

The  flow  divider  is  based  upon  the  same  principle  as  the  ad¬ 
justable  orifice  flowmeter  (I),  in  which  the  resistance  of  a  capillary 
tube  to  gaseous  flow  is  varied  by  inserting  a  wire  of  suitable  size 
in  the  capillary. 

When  the  flow  divider  shown  in  Figure  1  is  in  normal  use,  the 
gas  enters  from  the  left.  Wire  B  is  normally  kept  in  the  position 
shown,  leaving  capillary  B  entirely  open  and  unrestricted.  The 
main  side  stream  will  consequently  be  discharged  at  B.  Wire  A, 


however,  is  normally  inserted  in  various  positions,  and  by  thus 
restricting  the  orifice  of  capillary  A  the  amount  of  gas  passing 
through  it  may  be  decreased  within  fairly  wide  limits  (from 
about  50  to  about  10  per  cent  of  the  total  gas). 

If  it  is  necessary  to  use  a  very  small  fraction  (1  to  20  per  cent) 
of  the  main  gas  stream  for  analytical  purposes,  M  should  be 
used  for  the  large  side  stream  (80  to  99  per  cent  of  total  gas)  and 
A  for  the  small  side  stream  (20  to  1  per  cent  of  total  gas) ;  in  this 
case  B  should  be  closed,  unless  an  additional  small  side  stream  is 
desired. 

Sometimes  one  may  wish  to  divide  the  main  gas  stream  into 
four  or  more  smaller  side  streams.  In  such  cases  the  flow  divider 
shown  in  Figure  1  should  be  modified  by  increasing  the  number 
of  capillary  outlets.  The  rubber  stoppers  may  be  eliminated 
by  fastening  an  iron  rod  to  the  upper  end  of  the  wires  and  by 
using  a  solenoid  for  lowering  or  raising  the  wire. 

Calibration  of  Flow  Divider.  The  flow  divider  shown  in 
Figure  1  was  calibrated  by  passing  various  amounts  of  air  through 
it  with  wire  A  inserted  in  different  positions  in  the  capillary  while 
outlet  M  was  closed  and  capillary  B  was  open  and  unrestricted. 
The  two  side  streams,  A  and  B,  were  measured  by  passing  the 
exit  gases  through  gas  meters.  The  calibration  curves  are  shown 
in  Figure  2  for  gas  rates  varying  from  about  1  to  5  liters  per  min¬ 
ute. 


Figure  2.  Calibration  Curves 

Wire,  1.7-mm.  diameter 
Capillary,  2.2  X  80  mm. 


Some  readers  may  wonder  why  in  the  absence  of  the  wire 
(at  zero  abscissa  in  Figure  2)  the  amount  of  gas  passing 
through  A  is  not  exactly  50  per  cent  of  the  total  of  all  at  the 
gas  rates  tried.  The  occurrence  of  three  curves  instead  of  one 
is  due  to  the  fact  that  it  is  very  difficult  to  seal  in  two  capil¬ 
laries  in  exactly  identical  manner;  consequently,  a  slight  dif¬ 
ference  will  be  found  between  their  resistances  to  gaseous 
flow,  and  this  difference  will  vary  somewhat  with  the  different 
gas  rates  and  back  pressures  employed. 
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All-Glass  Ball  Valve  Stirrer 

SILVESTER  LIOTTA 

City  College,  College  of  the  City  of  New  York,  New  York,  N.  \  . 


ADAMS  (1)  describes  a  special  metal  stirrer  which  pro- 
_/V  motes  equilibrium  between  solid  and  liquid  phases  by 
lifting  the  solution  from  the  bottom  of  the  Dewar  container 
and  allowing  it  to  flow  down  over  the  ice  and  thus  percolate 
to  the  bottom  of  the  container,  where  the  cycle  is  repeated. 
This  type  of  stirring  possesses  the  advantage  of  producing 
positive  circulation,  and,  since  the  stirrer  operates  at  speeds 
as  low  as  10  strokes  per  minute,  of  eliminating  danger  of 
heating  due  to  friction. 

The  stirrer  described  by  Adams  is  made  of  brass  protected 
by  gold  plating.  However,  other  workers  have  found  that 
such  gold  plating  provides  inadequate  protection  against 
corrosion  by  certain  solutions,  possibly  because  of  under¬ 
mining  of  the  gold  plate  or  wear  and  exposure  of  the  brass. 
To  meet  this  problem,  glass  was  chosen  since  it  is  unreactive 
to  a  large  number  of  reagents,  and  the  stirrer  was  designed 
as  follows : 

In  Figure  1,  A  represents  a  glass  cylinder  which  is  equipped 
with  a  grill,  B,  made  by  fusing  0.0625-inch  glass  rods  0.0625  inch 
apart.  The  bottom  view  of  this  grill  is  shown  in  C.  Within  this 
cylinder  is  the  moving  piston,  D,  which  is  cylindrical  in  form, 
with  turned-in  end  to  support  the  glass  ball  valve,  E.  Piston  D 
should  be  of  such  diameter  that  it  just  slides  freely  within  cylinder 
A  without  danger  of  binding. 

The  success  of  the  stirrer  depends  on  the  ball  valve,  E.  Its 
weight  should  be  adjusted  so  that  it  just  sinks  in  the  liquid  which 
is  to  be  stirred.  The  maximum  efficiency  is  obtained  when  this 
adjustment  is  close.  However,  practice  has  shown  that  the 
adjustment  is  not  too  critical  with  increasing  tolerance  as  the 
stirring  speed  increases.  The  stirrers  constructed  in  connection 
with  the  author’s  apparatus  worked  satisfactorily  at  speeds  as 
low  as  5  strokes  per  minute. 

The  best  method  of  constructing  the  hollow  ball,  E,  is  to  ac¬ 
cumulate  some  extra  glass  on  one  side,  making  the  ball  too  heavy, 
and  then  to  grind  off  portions  until  the  weight  is  adjusted. 
Should  this  procedure  leave  the  ball  distorted  from  a  spherical 


shape  at  the  point  of  grinding,  no  harm  is  done,  since  the  extra 
weight  at  this  point  will  keep  it  down  and  out  of  contact  with  the 
valve  seat  on  the  piston.  On  the  other  hand,  should  the  ground 
portion  become  lighter  than  the  remainder  of  the  bulb,  the  same 
purpose  will  be  accomplished,  since  the  point  will  then  remain 
on  top  where  no  contact  is  made.  The  valve  seat  may  be  ground 
with  a  spherical  or  conical  surface,  if  necessary,  in  order  to  re¬ 
duce  leakage  to  a  minimum. 

It  is  satisfactory  to  have  the  diameter  of  the  ball  equal  to 
three  fourths  of  the  inside  diameter  of  the  piston,  and  the 
hole  serving  as  the  valve  seat  equal  to  half  the  inside  diame¬ 
ter.  Two  or  three  inward  projections,  F,  should  be  made 


■  rft. 


Figure  1.  Constructional  Details  of  Stirrer  (left)  and  Method  of 
Seating  Stirrer  in  Dewar  Container  (right) 


Figure  2.  Completed  Stirrer 


in  cylinder  A,  in  order  to  prevent  the  piston  from  touching 
and  damaging  the  grill.  The  grill  may  be  omitted  if  the 
solution  used  does  not  contain  ice  or  other  solid  matter. 

Adams’  stirrer  was  semi  cylindrical  inform 
and  was  seated  in  the  Dewar  flask  by  means 
of  a  spring.  Since  this  cannot  be  done  with 
glass,  the  diameter  of  the  cylinder  was  made 
approximately  two  thirds  of  the  diameter  of 
the  Dewar  flask  and  was  kept  in  place  by 
means  of  three  projecting  glass  rods  sealed 
to  the  top  (a,  b,  c)  and  one  to  the  bottom,  d. 
The  dotted  line  indicates  the  walls  of  the 
Dewar  flask  against  which  contact  is  made. 
The  weight  of  the  cylinder  is  sufficient  to 
keep  it  in  place. 

A  photograph  of  the  parts  of  the  stirrer  is 
shown  in  Figure  2. 

This  type  of  glass  stirrer  is  suitable  for 
use  in  any  type  of  solution,  corrosive  or 
otherwise,  which  requires  a  slow-motion 
type  of  stirring,  with  a  positive  flow  from 
bottom  to  top. 
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An  All-Glass  Still  with  Automatic  Float  Feed 

GEORGE  F.  LIEBIG,  Jr. 

University  of  California  Citrus  Experiment  Station,  Riverside,  Calif. 


THE  need  for  considerable  quantities  of  redistilled  water 
in  connection  with  plant  nutritional  studies  led  to  the 
construction  of  a  simple  all-glass  still  with  an  automatic 
float  feed.  With  large  supply  and  receiving  reservoirs,  con¬ 
tinuous  operation  over  long  periods  is  possible. 


The  still  consists  of  a  2-liter  round-bottomed 
Pyrex  glass  flask,  A,  with  a  side  arm  sealed  to 
a  38  X  200  mm.  Pyrex  test  tube,  B.  The  side- 
arm  opening  on  B  must  be  at  a  lower  level 
than  that  on  A  to  prevent  the  flow  of  hot 
liquid  from  A  back  into  B.  The  liquid  level 
within  A  is  maintained  by  float  C  which  con¬ 
sists  of  a  26-mm.  Pyrex  test  tube  sealed  off 
and  joined  to  a  solid  glass  rod,  the  end  of 
which  is  slightly  tapered  and  ground  to  form 
a  tight  seal  at  the  constriction,  D,  in  the  glass 
tubing  leading  from  the  supply  reservoir.  A 
glass  bottle,  E,  with  the  bottom  cut  off  pro¬ 
vides  a  cover  for  the  top  of  tube  B.  By  rais¬ 
ing  or  lowering  the  float-ground-glass  valve 
assembly,  the  liquid  in  A  is  adjusted  to  the 
desired  level.  The  neck  of  A  is  reduced  in 
diameter  and  connected  by  a  piece  of  glass 
tubing  14  mm.  in  diameter  to  a  "f'24Ao  ground- 
glass  joint  which  joins  the  still  to  a  con¬ 
denser.  A  few  small  beads  in  A  aid  in 
preventing  bumping. 


Using  a  Cenco  500-watt  giant  electric 
heater,  this  still  will  produce  about  500  ml. 
of  redistilled  water  per  hour.  A  still  as 
described  has  been  operated  continuously 
for  long  periods  in  the  author’s  laboratory 
without  attention  other  than  for  periodic 
renewal  of  water  in  the  supply  reservoir  and 
removal  of  the  redistilled  water.  At  periodic  intervals  the 
still  is  dismantled  and  cleaned. 

This  still  is  suitable  for  redistilling  other  liquids  as  well. 
For  liquids  more  volatile  than  water,  a  cooling  jacket  could 
be  applied  to  tube  B  if  necessary. 


Magnetic  Shaking  Device 

S.  KIYOMIZU,  University  of  Washington,  Seattle,  Wash. 


A  MAGNETIC  device  has  been  found  very  satisfactory 
for  shaking  samples  in  a  thermostat. 


Each  flask  is  held  rigidly  on  the  platform  by  means  of  a  rubber 
band,  14,  stretched  around  three  machine  bolts,  15,  coming  up 
through  the  platform  as  shown. 


The  agitator  holds  six  250-cc.  glass-stoppered 
Erlenmeyer  flasks  on  a  swinging  platform, 
1,  supported  from  a  wooden  frame,  2,  which 
is  placed  across  the  top  of  the  thermostat,  im¬ 
mersing  the  flasks  in  the  liquid  of  the  thermo¬ 
stat.  The  platform  is  supported  on  the  left 
side  by  two  metal  strips,  3,  with  movable 
connections,  4,  to  the  frame  and  platform, 
and  on  the  right  side  by  one  metal  strip,  5, 
connected  to  the  middle  by  a  movable  con¬ 
nection,  6.  This  strip  pivots  at  7  on  a  metal 
piece,  8,  rigidly  attached  to  the  frame,  and  is 
guided  on  the  upper  end  by  a  forked  guide,  9. 

The  platform  is  driven  by  means  of  a  soft 
iron  rod,  10,  which  is  pulled  into  the  coil  of 
the  electromagnet,  11,  as  the  current  is  turned 
on,  moving  the  platform  to  the  left.  As  the 
current  is  interrupted,  the  spring  at  12  pulls 
the  strip  in  the  opposite  direction,  causing  the 
iron  rod  to  emerge  from  the  coil  and  the  plat¬ 
form  to  return  to  its  original  position.  The 
process  repeats  when  contact  is  again  made.  A 
direct  current  of  50  volts  is  used  in  the  coil,  and 
is  alternately  broken  and  connected  by  an 
electric  flasher  button  inserted  under  the  fuse  in 
the  light  base,  13.  The  speed  of  movement 
may  be  controlled  by  the  type  of  flasher 
button  used. 
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Determination  of  Saturated  Hydrocarbons 

Aliphatic,  Aromatic,  and  Hydroaromatic  Hydrocarbons  of  the  Cyclohexane  Series 

E.  BERL  AND  W.  KOERBER 
Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


TO  DETERMINE  the  nature  of  hydrogenation  products 
of  artificial  cellulose  coals  and  of  natural  bituminous 
coals  it  was  important  to  determine  the  amount  of  saturated 
aliphatic,  aromatic,  and  hydroaromatic  hydrocarbons  of 
the  cyclohexane  series  in  these  hydrogenation  products. 
Several  methods  have  been  proposed,  but  they  have  been 
found  rather  inexact  (I). 

The  following  method  is  based  on  the  nitration  of  this 
mixture  with  a  special  mixed  acid  which  affects  only  aromatic 
hydrocarbons,  converting  them  into  mononitro  derivatives 
which  are  soluble  in  the  mixed  acid.  Under  the  condi¬ 
tions  of  this  nitration  saturated  aliphatic  and  hydroaro¬ 
matic  hydrocarbons  are  not  affected.  Dehydrogenation  of 
the  complex  mixture  by  sending  it  at  elevated  temperature 
over  a  dehydrogenating  platinum  catalyst  converts  the  hy¬ 
droaromatic  hydrocarbons  into  aromatic  hydrocarbons.  A 
subsequent  nitration  gives  mononitro  products  which  result 
from  the  original  aromatic  and  newly  formed  aromatic  ma¬ 
terial  from  hydroaromatics  through  dehydrogenation.  The 
amount  of  unattacked  material  after  the  second  nitration 
represents  the  aliphatic  hydrocarbons  present  in  the  original 
mixture.  This  method  can  be  carried  out  satisfactorily 
with  rather  small  quantities  and  in  a  short  time. 

Procedure 

Nitration.  The  nitration  is  carried  out  in  an  apparatus 
similar  to  that  described  by  Hess  and  Berl-Lunge  (1,  2).  The 
apparatus  described  by  Hess  was  changed  into  a  semimicro¬ 
apparatus  (Figure  1).  The  flask,  a,  has  a  volume  of  50  cc.  The 
neck  is  26  cm.  long,  contains  5  cc.,  and  can  be  read  to  0.01  cc. 
From  2.5  to  5  cc.  of  the  mixture  to  be  investigated  are  introduced 
in  the  flask  cooled  by  ice  water.  Fifteen  cubic  centimeters  of 
sulfuric  acid  (specific  weight  1.84)  are  slowly  added,  and  10  cc.  of 
mixed  acid  of  composition  A  (see  below)  are  introduced  at  a  rate 
of  about  2  drops  a  second.  The  flask  is  shaken  in  this  cooling 
solution.  After  the  nitration  is  finished  part  b  is  eliminated. 
The  flask  is  filled  with  concentrated  sulfuric  acid,  so  that  the 
unattacked  material  enters  the  graduated  part  of  the  neck  of 
the  flask,  and  is  afterwards  closed  with  a  ground-glass  stopper. 
After  several  hours  the  volume  of  the  unattacked  material  is 
read. 

Hess  recommended  a  mixed  acid,  B,  of  the  following  com¬ 
position:  64  per  cent  sulfuric  acid,  23  per  cent  nitric  acid, 
13  per  cent  water.  Experiment  7,  Table  I,  shows  that  this 
acid  mixture  does  not  give  satisfactory  results.  Its  low 
water  content  is  responsible  for  the  formation  of  dinitro  com¬ 
pounds  which  are  insoluble  in  the  spent  acid.  They  there¬ 
fore  increase  the  volume  of  unattacked  aliphatic  and  hy¬ 
droaromatic  hydrocarbons  and  too  little  aromatics  are  found. 


To  avoid  this  dinitration  a  mixed  acid,  A,  composed  of 
55  per  cent  sulfuric  acid,  25  per  cent  nitric  acid,  and  20  per 
cent  water  was  used  in  the  authors’  experiments.  Very 
satisfactory  results,  as  shown  in  Tables  I  and  II,  are  obtained. 

A  correction  due  to  the  solubility  of  unattacked  hydrocar¬ 
bons  in  the  spent  acid  (2)  is  not  necessary. 
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This  nitration  method  cannot  be  used  in  the  presence  of 
unsaturated  aliphatic  hydrocarbons.  When  5  cc.  of  octene 
were  treated  in  the  manner  described,  the  color  of  the  solu¬ 
tion  became  yellow-orange  after  the  addition  of  concentrated 
sulfuric  acid.  The  addition  of  the  mixed  acid  produced  a 
violent  reaction.  Heat  developed  and  the  mixture  was  con¬ 
verted  into  a  black,  highly  viscous,  tarry  material  (S) . 

The  dehydrogenation  was  carried  out  over  a  platinum 
catalyst  at  320°  C.  (Figure  2).  The  tube  containing  the 
platinum  catalyst  was  14  cm.  long  and  1.25  cm.  wide.  The 
apparatus  was  designed  by  Regis  Raab. 

Preparation  of  Platinum  Catalyst 

About  50  cc.  of  pieces  from  a  porous  porcelain  plate  with  an 
average  size  of  0.5  cm.  were  mixed  in  a  beaker  with  60  cc. 


(2  ounces)  of  a  10  per  cent  platinum  chloride  solution,  and  the 
solution  was  brought  to  dryness  with  constant  mixing.  The 
yellow  colored  pieces  were  put  in  a  vertical  glass  tube,  B,  and 
kept  in  position  by  a  stopper  of  glass  wool.  They  were  heated 
to  320°  C.  and  the  platinum  compound  was  decomposed.  Air 
was  sent  through  the  tube  from  A  until  no  more  hydrochloric 
acid  was  formed.  The  apparatus  was  cooled  down,  hydrogen 
was  sent  through  from  A,  and  the  apparatus  was  heated  again 
to  320°  C.  A  treatment  with  hydrogen  at  320°  C.  was  carried 
out  for  24  hours. 

The  dehydrogenation  was  made  by  introducing  the  differ¬ 
ent  materials  (5  to  10  ml.)  from  a  drop  funnel  connected  by  A 
into  the  catalyst  tube  at  the  rate  of  about  4  drops  per  minute. 
Stopcock  A  was  closed  at  the  end  of  an  experiment  and  the  ap¬ 
paratus  was  evacuated  at  C.  The  dehydrogenation  of  the  hy¬ 
drocarbons  of  the  cyclohexane  series  was  made  quantitative  by 
passing  the  same  sample  three  times  over  the  catalyst  with  the 
same  speed  at  320°  C. 

If  a  new  experiment  had  to  be  carried  out,  the  apparatus  was 
cooled.  The  catalyst  was  washed  with  acetone  and  water,  dried 
in  vacuum  at  elevated  temperature,  cooled,  and  charged  again 
with  hydrogen  at  320°  C. 


Table  I.  Effect  of  Nitbation 


Hydro- 

Ali- 

aromatics 

TJnni- 

Experi¬ 

phatics 

(Methyl- 

trated 

Appearance 

ment 

Mixed 

(Iso¬ 

Aromatics 

cyclo¬ 

Sub- 

of  Nitrated 

No. 

Acid 

octane) 

(Toluene) 

hexane) 

stanoe 

Substance 

Cc. 

Cc. 

Cc. 

Cc. 

1 

A 

2.50 

0 

0 

2.56 

Colorless 

2 

A 

0 

2.50 

0 

0.02 

Orange 

3 

A 

0 

0 

2.50 

2.49 

Colorless 

4 

A 

2.50 

2.50 

0 

2.57 

Yellow 

5 

A 

0.50 

4.50 

0 

0.48 

Yellow 

6 

A 

2.50 

0.50 

2.00 

4.55 

Light  yellow 

7 

B 

2.50 

2.50 

0 

4.26 

Orange 

instead 
of  2.50 


Table  I  shows  experiments  carried  out  with  a  one-com¬ 
ponent  system  (experiments  1,  2,  and  3),  a  two-component 
system  (experiments  4  and  5),  and  a  three-component  sys¬ 
tem  (experiment  6).  Experiment  7  shows  the  poor  results 
which  are  obtained  with  the  original  acid  mixture,  B,  used 
by  Hess. 

Table  II.  Nitration  with  Mixed  Acid  A 


Before  Dehydro-  After  Dehydro¬ 
genation  at  genation  at 

320°  C..  320°  C., 


Experi¬ 

5  Co.  of  Mixture  Used 

Unnitrated 

Unnitrated 

ment 

Ali- 

Aro¬ 

Naph- 

Solution 

Material 

No. 

phatics 

matics 

thenics 

Found 

Cc. 

Theory 

Cc. 

Found 

Cc. 

Theory 

Cc. 

8 

3/3 

0 

0 

4.98 

5.00 

5.03 

5.00 

9 

1/3 

1/3 

1/3 

3.34 

3.33 

1.69 

1.67 

10 

2/3 

1/6 

1/6 

4. 15 

4. 16 

3.38 

3.33 

11 

1/6 

2/3 

1/6 

1.64 

1.67 

0.80 

0.83 

12 

1/6 

1/6 

2/3 

4.14 

4.16 

0.79 

0.83 

Experiment  8,  Table  II,  shows  that  aliphatic  branched 
hydrocarbons  with  8  carbons  are  not  decomposed  by  dehy¬ 
drogenation  at  320°  C.  It  is  probable  that  aliphatic  hydro¬ 
carbons  with  much  longer  nonbranched  carbon  chains  may 
split  off  some  hydrogen  at  320°  C.  and  form  double  bonds 
through  this  dehydrogenation. 

Experiments  9,  10,  11,  and  12  show  the  satisfactory  re¬ 
sults  obtained  with  mixtures  of  aliphatic  (isooctane),  aro¬ 
matic  (toluene),  and  naphthenic  hydrocarbons  (methyl- 
cyclohexane).  This  method  can,  therefore,  be  used  with 
good  success  for  the  determination  of  saturated  aliphatic, 
aromatic,  and  hydroaromatic  hydrocarbons  of  the  cyclo¬ 
hexane  series  in  mixtures  which  are  obtained  by  certain  hy¬ 
drogenation  processes,  especially  of  natural  bituminous 
coals  and  artificial  carbohydrate  coals  and  lignin  coals. 
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Dehydrogenation  and  Nitration  of  Hydrocarbons 
of  the  Cyclopentane  Series 

E.  BERL  AND  REGIS  RAAB,  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


THE  reviewer  of  the  paper  by  Berl  and  Koerber  (I)  raised 
the  question  of  how  cyclopentane  and  its  derivatives 
react  under  the  conditions  of  the  dehydrogenation  and  nitra¬ 
tion  described.  Zelinsky  (2)  has  stated  that  hydrocarbons 
of  the  cyclopentane  series  are  not  dehydrogenated  using 
palladium,  as  are  those  of  the  cyclohexane  series.  In  his 
second  publication  (3),  he  found  that  with  platinum,  only 
members  of  the  cyclohexane  series  can  be  dehydrogenated, 
but  not  those  of  the  heptamethylene  series. 


Table  I.  Dehydrogenation  and  Nitration 


Expt. 

Tempera¬ 

Dehydro¬ 

. — Nitration — . 

No. 

Material 

ture 

genation 

Used  Found 

1 

2 

Cyclo- 

pentane 

Cyclo¬ 

°  C. 

None 

None 

Cc 

2 

2 

.  Cc. 

1.89 

1.94 

Original  mate¬ 
rial  without  de¬ 
hydrogenation 

3 

pentane 

Cyclo¬ 

320 

3  times 

2' 

1.87 

4 

pentane 

Cyclo¬ 

320 

3  times 

2 

0.15 

After  dehydro¬ 

5 

hexane 

Cyclo¬ 

385 

4  times 

2 

1.90 

genation 

6 

pentane 

Methyl 

390 

4  times 

2 

1.95 

cyclo¬ 

pentane 

Several  experiments  were  carried  out  to  prove  the  correct¬ 
ness  of  Zelinsky’s  investigations  (Table  I). 


To  be  sure  that  the  catalyst  was  not  poisoned,  experiment 
4  was  carried  out,  and  shows  that  no  poisoning  took  place. 

These  experiments  show  that  cyclopentane  and  methyl- 
cyclopentane  are  practically  unattacked  by  mixed  acid  A, 
and  that,  contrary  to  the  behavior  of  hydrocarbons  of  the 
cyclohexane  series,  they  show  practically  no  dehydrogenation 
when  submitted  repeatedly  to  the  Zelinsky  dehydrogenation 
treatment  at  325°  and  385°  C.  This  last-mentioned  treat¬ 
ment  at  increased  temperature  was  made  to  find  out  if  the 
stability  of  cyclopentane  and  its  derivatives  would  not  be 
decreased  with  increased  dehydrogenation  temperature. 
The  high  stability  of  the  5-carbon  ring  compounds  is  in  ac¬ 
cordance  with  the  Baeyer  strain  theory. 
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Cerimetric  Determination  of  Small  Amounts 

of  Arsenic 

After  Reduction  with  Hypophosphite  Reagent 

I.  M.  KOLTHOFF  AND  ELIAS  AMDUR,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  volumetric  determination  of  arsenic,  after  its  reduc¬ 
tion  to  the  elementary  state,  with  a  reagent  of  high 
oxidation  potential  has  particular  advantages  in  the  analysis 
of  microquantities.  The  equivalent  weight  of  arsenic  under 
these  conditions  is  equal  to  5.  In  the  present  work  the 
authors  have  made  use  of  a  hypophosphite  solution  in  hydro¬ 
chloric  acid  for  the  reduction  of  As111  or  Asv  to  As0  and  of 
ceric  sulfate  for  the  oxidation  of  As0  to  Asv.  Recently, 
Evans  (1)  made  use  of  the  same  reducing  agent,  but  he  oxi¬ 
dized  the  precipitated  arsenic  with  dilute  iodine  and  back- 
titrated  with  thiosulfate.  He  made  use  of  his  procedure  in 
the  determination  of  arsenic  in  various  metals  and  alloys. 
According  to  his  data  his  procedure  gives  results  accurate  to 
about  1  per  cent  with  amounts  of  arsenic  greater  than  1.5 
mg.;  with  smaller  amounts  relatively  large  errors  are  re¬ 
ported — 12  to  16  per  cent  with  0.375  mg. 

The  method  of  Evans  requires  boding  the  arsenic  solution 
with  hypophosphite  reagent  with  the  use  of  a  reflux  con¬ 
denser,  but  by  changing  the  concentration  of  hydrochloric 
acid  in  the  hypophosphite  solution  the  authors  were  able  to 
eliminate  the  reflux  condenser.  After  coUecting  and  washing 
the  arsenic  they  oxidized  the  element  to  the  quinquevalent 
state  with  an  excess  of  ceric  sulfate  and  back-titrated  with 


standard  arsenious  trioxide.  The  advantage  of  both  re¬ 
agents  is  that  they  are  stable  for  a  long  time. 

Reduction  of  Arsenic  with  Hypophosphite 

The  amount  of  calcium  hypophosphite  present  during  the 
reduction  was  found  to  be  of  no  consequence,  as  long  as  a 
large  excess  was  used.  The  concentration  of  hydrochloric 
acid  during  the  reduction  was  of  greater  importance,  as  the 
speed  of  reduction  of  the  arsenious  or  arsenic  acid  increases 
with  increasing  hydrochloric  acid  concentration.  The 
authors  could  confirm  Evans’  statement  that  a  3  N  concen¬ 
tration  of  acid  during  the  reduction  was  sufficient  to  give  a 
quantitative  separation  of  arsenic.  However,  the  reduction  is 
fairly  slow  and  the  use  of  a  reflux  condenser  is  required  to 
prevent  the  volatilization  of  arsenious  trichloride. 

Working  with  2  mg.  of  arsenic  in  the  form  of  trioxide  in  an 
open  Erlenmeyer  flask  and  boiling  for  5  minutes,  they  found 
a  loss  of  25  per  cent;  but  when  the  hypophosphite-arsenite 
mixture  was  6  A  in  hydrochloric  acid  they  found  after  boding 
3  minutes  or  longer  a  loss  of  only  0.2  per  cent.  As  a  matter 
of  fact,  with  the  higher  concentration  of  hydrochloric  acid  the 
speed  of  reduction  is  so  great  that  boiling  is  not  necessary. 
When  the  solution  is  heated  on  a  hot  plate  at  about  80°  C. 
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for  10  minutes  (or  longer)  the  reduction  is  complete.  After 
the  heating,  the  suspension  must  be  boiled  in  order  to  coagu¬ 
late  the  arsenic.  With  quantities  of  arsenic  of  the  order  of 
1  mg.,  2  minutes’  boding  was  found  sufficient  to  get  a  readily 
filterable  precipitate  of  desirable  characteristics.  Longer 
boiling  after  the  arsenic  has  completely  coagulated  is  not  rec¬ 
ommended,  as  larger  lumps  are  formed  which  are  difficult  to 
dissolve.  Moreover,  a  film  may  be  formed  on  the  surface  of 
the  glass  and  of  the  liquid  which  is  difficultly  wetted  afterwards 
by  the  oxidizing  reagent.  With  quantities  of  arsenic  of  the 
order  of  0.1  mg.  longer  boiling  is  necessary  to  coagulate  the 
precipitate  completely. 

Collecting  the  Arsenic 

A  suction  filtering  device  is  desirable  for  collecting  and 
washing  the  precipitate.  For  quantities  of  arsenic  from 
0.75  to  10  mg.  the  filter  tube  shown  in  Figure  1,  a,  was  practical. 

It  is  made  from  a  tube  5  cm.  wide  and  1-mm.  capillary  tubing. 
On  the  bottom  is  placed  a  cotton  pad  which  is  covered  by  an  as¬ 
bestos  pad  (the  asbestos  should  be  free  of  reducing  material). 
After  filtration  and  washing,  a  stirring  rod  is  used  for  removing 
the  pads  from  the  funnel,  and  the  pads  are  placed  in  the  flask 
in  which  the  precipitation  has  been  carried  out.  The  tube  is 
then  wiped  clean  with  a  piece  of  dry  cotton  which  is  also  trans¬ 
ferred  to  the  flask.  Instead  of  a  filter  tube  an  ordinary  funnel 
can  be  used,  as  shown  in  Figure  1,  b. 

For  quantities  of  arsenic  less  than  about  0.5  mg.  a  filter  stick 
is  used  with  advantage.  In  most  of  their  work,  the  authors  used 
a  simple  self-made  filter  stick  as  shown  in  Figure  2.  While  a 
glass  bead  is  shown  as  the  support  of  the  asbestos,  cotton  or  glass 
wool  can  also  be  used.  After  the  filtering  and  washing  are  com¬ 
plete  the  wad  is  loosened  with  a  glass  pick,  and  the  filter  stick, 
wad,  and  pick  are  returned  to  the  flask. 
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Figure  1.  Filter  Tube 


Figure  2 


cent,  and  after  7  days  1.3  per  cent.  After  this  time  the  solu¬ 
tion  remained  stable  for  a  month.  Apparently,  traces  of 
reducible  material  are  oxidized  after  a  week  of  standing,  and 
the  dilute  ceric  sulfate  solution  itself  is  stable.  When  working 
with  very  dilute  ceric  solutions,  it  seems  desirable  to  allow 
them  to  stand  for  a  week  after  preparation  before  standardiza¬ 
tion.  Such  solutions  are  also  stable  when  heated  for  short 
periods,  whereas  the  freshly  prepared  solutions  decrease  in 
strength  on  heating  to  40°  to  100°  C.  After  heating  a  freshly 
prepared  solution  for  5  minutes  at  80°  C.,  the  strength  had 
decreased  by  0.75  per  cent,  at  100°  C.  by  1  per  cent. 


The  use  of  cotton  filters  involved  the  possibility  of  an  error 
in  the  treatment  of  the  precipitate  and  filtering  material  with 
ceric  sulfate.  Blank  experiments  were  carried  out  in  which 
0.3  gram  of  cotton  wms  heated  for  5  minutes  at  60°  C.  with  25 
ml.  of  0.0044  N  ceric  sulfate.  The  latter  was  back-titrated 
with  standard  arsenic  trioxide.  The  loss  of  ceric  sulfate  was 
0.25  per  cent  or  less.  The  effect  of  cotton  in  the  procedure 
is  negligible,  since  the  precipitated  arsenic  is  dissolved  at  a 
temperature  of  40°  C. 

A  peculiar  effect  of  the  cotton,  for  which  a  correction  has 
to  be  made,  was  noticed.  If  a  dilute  arsenic  trioxide  solution 
is  titrated  with  ceric  sulfate  using  ferrous  phenanthroline 
as  indicator  until  the  red  color  has  just  disappeared,  the  red 
color  returns  upon  addition  of  cotton.  Apparently  the  red 
form  of  the  indicator  is  adsorbed  on  the  cotton.  A  trace  of 
ceric  sulfate  is  necessary  to  remove  the  red  color,  the  amount 
being  proportional  to  the  amount  of  cotton  present,  and  found 
equal  to  0.13  ml.  of  0.0044  N  ceric  sulfate  per  gram  of  cotton. 
The  phenomenon  described  does  not  occur  when  a  solution  of 
the  red  form  of  the  indicator  is  shaken  with  cotton;  in  the 
presence  of  cerous  cerium  and  acid  the  surface  of  the  cotton 
becomes  slightly  red.  Since  the  error  for  which  a  correction 
can  be  applied  is  very  small,  the  cotton  was  not  removed  by 
filtration  after  solution  of  the  arsenic. 

Stability  of  0.044  N  Ceric  Sulfate 

In  agreement  with  other  workers  it  was  found  that  a  stock 
solution  of  0.044  N  ceric  sulfate  in  1  A7’  sulfuric  acid  kept  its 
stability  for  over  8  months.  The  0.0044  N  solution  pre¬ 
pared  by  dilution  of  the  stronger  solution  with  1  N  sulfuric 
acid  decreased  in  strength  upon  standing:  0.1  per  cent  after 
1  day,  0.5  per  cent  after  2  days,  and  1.5  per  cent  after  3  days. 
Apparently,  traces  of  reducing  substances  present  in  the 
water  and  the  acid  used  in  the  dilution  are  responsible  for  the 
decrease  in  strength.  Another  solution  was  made,  using 
conductivity  water  distilled  over  potassium  permanganate. 
One  day  after  the  preparation  the  normality  had  decreased 
0.2  per  cent,  after  2  days  0.4  per  cent,  after  4  days  0.85  per 


Standardization  of  About  0.005  TV  Ceric  Sulfate 

The  solution  is  standardized  against  0.005  N  arsenic  tri¬ 
oxide  using  0.25  per  cent  osmium  tetroxide  as  a  catalyst  (2) 
and  ferrous  phenanthroline  as  indicator.  Using  25  ml.  of 
0.005  N  arsenic  trioxide,  the  amounts  of  ceric  sulfate  required 
to  the  end  point  were  the  same  with  amounts  of  0.25  per  cent 
osmium  tetroxide  varying  between  0.1  and  2.0  ml.  The 
amount  of  ceric  sulfate  used  depends  upon  the  amount  of 
indicator  added,  and  an  indicator  correction  has  to  be  applied. 
In  most  of  their  work  the  authors  used  a  0.08  per  cent 
(saturated)  solution  of  ferrous  phenanthroline  perchlorate  in 
water.  The  indicator  blank  was  found  to  be  proportional 
to  the  amount  of  indicator  used  and  in  their  case  was  equal 
to  0.4  ml.  of  0.0044  N  ceric  sulfate  for  2  ml.  of  indicator  solu¬ 
tion  at  varying  acidities. 

Reagents 

Calcium  Hypophosphite  Solution.  Two  hundred  grams  of 
calcium  hypophosphite  dissolved  in  6  A  hydrochloric  acid  and 
made  up  with  the  acid  to  1  liter. 

Stock  Solution  of  0.05  N  Arsenic  Trioxide  (Standard 
Substance).  The  solution  is  neutral  or  slightly  acid  and  pre¬ 
pared  by  the  usual  method.  From  it  0.005  N  and  0.001  N  ar¬ 
senic  trioxide  are  made  by  dilution. 

Stock  Solution  of  0.05  N  Ceric  Ammonium  Sulfate  in 
1  N  Sulfuric  Acid.  Ceric  sulfate  solution,  0.005  N,  is  pre¬ 
pared  from  the  stock  solution  by  dilution  with  1  N  sulfuric  acid. 
The  solution  is  allowed  to  stand  for  a  week  and  standardized  (if 
necessary  also  in  the  presence  of  the  same  amount  of  cotton  wool 
as  used  in  the  filtration  of  the  arsenic) . 

Indicator  Solution.  A  saturated  solution  of  ferrous  phenan¬ 
throline  perchlorate  in  distilled  water. 

Catalyst  Solution.  Osmium  tetroxide,  0.25  per  cent,  in 
dilute  sulfuric  acid. 

Procedure 

Place  25  ml.  of  the  unknown,  containing  less  than  2.0  mg.  of 
arsenic,  in  a  250-ml.  Erlenmeyer  flask,  and  add  10  ml.  of  hypo¬ 
phosphite  reagent  and  35  ml.  of  concentrated  hydrochloric  acid. 
Heat  the  solution  for  10  minutes  on  a  hot  plate  near  80°  to  90°  C. 
but  do  not  allow  it  to  boil.  After  no  further  darkening  is  ob- 
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Table  I.  Determination 

OF  0.1 

6 

s 

o 

CM 

o 

H 

of  Arsenic 

0.0044  N 
Ceric 
Sulfate 
Used  in 
Dissolving 
Precipitate 

Volume 

of 

Indicator 

Added 

Arsenic 

Found 

Arsenic 

Present 

Error 

Ml. 

Ml. 

Mg. 

Mg. 

% 

50.0 

2 

1.950 

1.950 

0 

50.0 

2 

1.946 

1.950 

—  0.2 

50.0 

2 

1.950 

1.950 

0 

50.0 

2 

0.974 

0.973 

+0.1 

50  0 

2 

0.968 

0.973 

—  0.5 

50.0 

2 

0.980 

0.973 

+0.7 

50.0 

2 

0.971 

0.973 

-0.2 

10 

0.4 

0.198 

0.193 

+  2.5 

0.4 

0.191 

0.193 

-1 

5 

0.2 

0.079 

0.078 

+  1 

Table  II.  Determination  of  Arsenic  in  Presence  of  Ten 
and  Antimony  Added  as  Chloride 


(Taken,  0.375  mg.  of  As) 


Metal  Present 

Amount  of 

Arsenic 

as  Chloride 

Metal  Added 

Found 

Error 

Gram 

Mg. 

% 

SnII 

0.5 

0.374 

-0.3 

SnII 

0.5 

0.372 

-0.8 

SnII 

0.5 

0.373 

—  0. 5 

SnII 

0. 5 

0.371 

-1.0 

SnIV 

1 

0.372 

-0.8 

Snl  V 

1 

0.371 

-1.0 

SbHI 

1 

0.377 

+0.5 

SbUI 

1 

0.369 

—  1.5 

served,  bring  it  to  a  quiet  boil  and  keep  it  at  boiling  temperature 
for  about  5  minutes,  until  all  the  arsenic  has  just  coagulated.  Re¬ 
move  the  flask  from  the  hot  plate,  allow  it  to  cool  slightly,  and 
filter  (see  Figures  1  and  2).  After  filtering  is  complete,  rinse 
the  flask  three  or  four  times  with  water  and  allow  this  to  go 
through  the  filter.  Remove  the  pad  and  the  precipitate  from  the 
funnel  with  a  small  glass  rod,  and  transfer  them  to  the  Erlen- 
meyer  flask  in  which  the  precipitation  had  been  carried  out. 
Wipe  the  funnel  and  the  stirring  rod  with  a  cotton  or  asbestos  wad 
and  place  this  in  the  flask.  If  a  filter  stick  is  used  these  manipu¬ 
lations  can  be  omitted. 

Add  a  measured  quantity  (at  least  25  to  50  per  cent  in  excess) 
of  standard  0.004  to  0.005  N  ceric  sulfate  to  the  flask  and  swirl 
to  break  up  the  precipitate.  Heat  the  solution  to  about  40°  to 


50°  C.  for  2  to  3  minutes  to  hasten  solution  of  the  arsenic  and 
continue  to  swirl  the  flask  as  it  cools,  until  dark  spots  of  arsenic 
are  no  longer  visible.  Add  to  the  cool  solution  0.1  ml.  of  osmium 
catalyst  and  2  ml.  of  indicator  per  50  ml.  of  ceric  sulfate  added  and 
titrate  with  0.005  N  arsenic  trioxide  to  the  first  appearance  of  a 
reddish  color,  or  better  add  a  slight  excess  and  back-titrate  with 
0.005  N  ceric  sulfate  to  the  disappearance  of  the  red  color.  With 
quantities  of  0.1  to  0.5  mg.  of  arsenic,  add  the  ceric  sulfate  from 
a  microburet  and  back-titrate  with  0.001  N  arsenic  trioxide  or 
with  the  0.005  N  solution,  using  a  microburet.  Apply  the  indi¬ 
cator  correction  and  if  necessary  the  cotton  correction.  One 
cubic  centimeter  of  0.005  N  ceric  sulfate  used  corresponds  to 
0.075  mg.  of  arsenic. 

Some  of  the  results  are  given  in  Table  I.  Amounts  of 
arsenic  of  the  order  of  1  mg.  can  be  determined  with  an  ac¬ 
curacy  of  0.5  per  cent,  and  amounts  of  0.1  mg.  with  an  ac¬ 
curacy  of  1  to  2  per  cent. 

Interfering  Elements 

Evans  (1 )  states  that  with  his  procedure  tin,  antimony,  and 
mercury  interfere,  but  that  other  ions  such  as  lead,  copper, 
iron,  and  bismuth  do  not  interfere.  According  to  the  au¬ 
thors’  procedure  no  interference  was  observed  with  tin  and 
antimony,  as  is  evident  from  the  results  given  in  Table  II. 

Summary 

A  procedure  has  been  developed  according  to  which  arsenic 
from  its  solutions  in  the  tri-  or  quinquevalent  form  is  reduced 
to  the  element  by  calcium  hypophosphite  in  about  6  N  hy¬ 
drochloric  acid.  The  arsenic  is  dissolved  in  an  excess  of 
standard  ceric  sulfate  and  the  excess  back-titrated  with  ar¬ 
senic  trioxide.  Satisfactory  results  have  been  obtained  with 
amounts  of  arsenic  varying  between  2  and  0.1  mg.  Tin  and 
antimony  do  not  interfere. 
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Improvements  in  Determination  of 

Iodine  in  Blood 

ALBERT  L.  CHANEY 

College  of  .Medical  Evangelists  and  Los  Angeles  County  Hospital,  Los  Angeles,  Calif. 


THE  catalytic  effect  of  iodides  on  the  reduction  of  ceric 
sulfate  by  arsenious  acid  is  admirably  suited  for  the 
determination  of  blood  iodine,  especially  when  used  in  con¬ 
junction  with  the  wet  oxidation  of  the  organic  material  by 
chromic  acid.  First  described  by  Sand  ell  and  Ivolthoff  (6) 
it  has  the  advantage  of  great  sensitivity  and  under  the  proper 
conditions  an  accuracy  of  2  to  4  per  cent  is  attainable. 

In  order  to  find  the  optimum  conditions  for  accuracy,  the 
various  factors  controlling  the  catalytic  action  were  studied 
carefully:  concentration  of  reagents,  acidity  of  reacting 
medium,  temperature,  and  presence  of  interfering  ions. 

A  preliminary  study  showed  that  the  rate  at  which  ceric 
sulfate  is  reduced  is  proportional  to  the  quantity  of  iodide 
ion  present,  and  that  the  reaction  follows  the  monomolecular 
reaction  law.  Thus  in  5  cc.  of  solution,  for  example,  0.1  mi¬ 
crogram  of  iodide  ion  will  cause  a  reduction  of  about  50 
per  cent  of  the  ceric  sulfate  present  every  5  minutes. 

Since  in  the  later  stages  of  the  reduction  the  amounts  of 
ceric  sulfate  present  are  very  small,  it  has  been  found  more 


convenient  and  accurate  to  determine  the  ceric  sulfate  re¬ 
maining  after  a  given  period  of  time  than  to  wait  for  the  com¬ 
plete  reduction.  The  determination  of  the  concentration  of 
ceric  sulfate  is  made  by  photoelectric  measurement  of  the  in¬ 
tensity  of  the  yellow  color. 

The  following  conditions  have  been  found  satisfactory: 

To  4  cc.  of  the  iodide  solution  in  a  test  tube,  1  cm.  in  diameter, 
are  added  successively  0.5  cc.  of  0.2  N  arsenious  acid  and  0.5  cc. 
of  0.1  iV  ceric  sulfate.  The  test  tube  is  kept  at  30°  C.  in  a  con¬ 
stant-temperature  water  bath,  and  exactly  5  minutes  after 
adding  the  ceric  sulfate,  the  test  tube  is  placed  in  the  photo¬ 
electric  colorimeter,  and  the  per  cent  transmission  read,  using  a 
blue  filter  (Corning  No.  554).  If  the  amount  of  reduction  is 
slight,  the  tube  is  replaced  in  the  water  bath  and  read  after  10 
20,  or  40  minutes. 

Figure  1  shows  the  relationship  between  ceric  sulfate  con¬ 
centration  and  the  optical  density,  D,  for  the  1-cm.  test 
tubes  using  the  blue  filter.  The  optical  density  is  calculated 
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from  the  percentage  transmission  by  the  formula  D  =  log 

100%/I%. 

Figure  2  shows  the  graphical  relationship  between  iodine 
content  of  the  sample  and  the  light  transmission  of  the  solu¬ 
tion,  1%,  for  different  time  intervals,  as  determined  experi¬ 
mentally. 


Table  I.  Interfering  Ions 

Microgram  Microgramt 

Osmium  0.001  Thiooyanate  1 

Meroury  0.01  Cyanide  10 

Silver  0.01  Citrate  200 
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Figure  1 


The  curves  in  Figure  2  may  be  derived  from  the  data  of 
Figure  1  by  the  formula  C  =  ColO-**';  where  C  is  the  con¬ 
centration  of  ceric  sulfate  at  time  t  minutes,  C0  is  initial  con¬ 
centration  of  ceric  sulfate,  and  X  is  quantity  of  iodine.  If  X 
is  expressed  in  micrograms  and  t  in  minutes,  K  has  the  ex¬ 
perimental  value  of  0.6  at  30°  C. 

The  concentration  of  ceric  sulfate  chosen  gives  a  suitable 
spread  of  transmission  values.  The  acidity  of  the  final 
solution  should  be  at  least  0.4  N  in  order  to  prevent  precipita¬ 
tion  of  ceric  sulfate,  and  should  be  fairly  constant,  since  the 
intensity  of  the  yellow  color  is  a  function  of  the  acid  con¬ 
centration.  Acidities  in  excess  of  1.5  A  decrease  the  rate  of 
reduction  by  the  iodine. 

The  rate  of  reduction  increases  with  temperature ;  therefore 
the  temperature  should  be  maintained  constant  within 
0.5°  C.  during  the  reaction. 

The  number  of  interfering  ions  is  comparatively  few,  as 
shown  by  Sandell  and  Kolthoff  (6).  Table  I  shows  the  ap¬ 
proximate  quantity  of  interfering  ion  which  will  cause  appre¬ 
ciable  error  in  measurement  of  0.1  microgram  of  iodine  in  the 
5-cc.  volume.  Osmium  has  a  positive  catalytic  effect, 
thiocyanate  changes  the  rate  of  catalysis  by  iodine,  and  the 
others  interfere  with  the  action  of  iodine. 

Mercury  and  silver  are  likely  to  prove  the  most  trouble¬ 
some  as  contaminants. 

Other  reducing  or  oxidizing  agents  should  not  be  present  in 
amounts  sufficient  to  affect  the  0.5-cc.  portion  of  0.1  N  ceric 
sulfate  used. 


Distillation  of  Iodine 

The  chromic  acid  oxidation  of  blood  or  other  organic  ma¬ 
terial  has  been  adopted  by  many  recent  investigators  ( 1 , 
2,  4,  5,  7,  8),  and  found  to  give  excellent  results. 

In  its  usual  form,  the  organic  material  is  oxidized  by 
chromic  and  sulfuric  acids,  while  iodine  is  oxidized  to  non¬ 
volatile  iodic  acid.  The  excess  chromic  acid  together  with 
iodic  acid  is  then  reduced  by  phosphorous  acid,  and  the 


iodine  is  distilled  off  into  alkaline  solution  for  final  titration, 
etc.  The  recovery  of  iodine  by  distillation  requires  the  dis¬ 
tillation  of  comparatively  large  volumes  (100  to  300  cc.) 
which  must  subsequently  be  evaporated  to  very  small 
amounts  for  iodine  measurement.  This  distillation  and 
evaporation  are  time-consuming  operations. 
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Figure  2 


It  has  been  found  possible  to  design  a  simple  modified 
form  of  still,  shown  in  Figure  3,  which  allows  the  combination 
of  these  operations  and  very  greatly  reduces  the  time  involved. 
The  volume  of  distillate  obtained  is  small  enough  so  that  it 
may  be  used  directly. 


The  special  apparatus,  somewhat 
similar  to  a  Soxhlet  extractor  in  ap¬ 
pearance,  is  fitted  with  standard 
taper  joints  (24/40)  at  top  and 
bottom  for  connection  to  the  reflux 
condenser  and  a  two-necked  distilling 
flask,  respectively. 

A  small  lip  is  sealed  in  below  the 
end  of  the  drip  tip  of  the  condenser, 
and  just  below  this  is  a  baffle  plate 
to  prevent  splashing  into  the  capil¬ 
lary  return. 

The  steam  and  iodine  are  bubbled 
through  a  trap  containing  1  cc.  of 
1  per  cent  sodium  hydroxide,  which 
effectively  recovers  all  the  iodine. 
The  steam  is  then  condensed  by  a 
reflux  condenser  and  returned  by  a 
capillary  to  the  distilling  flask.  The 
distillation  is  thus  carried  out  at 
essentially  constant  volume,  though 
the  volume  of  liquid  in  the  trap  in¬ 
creases  somewhat  by  heat  losses  dur¬ 
ing  the  distillation. 

A  6-  to  8-minute  distillation  has 
been  found  sufficient  for  100  per 
cent  iodine  recovery,  practically  all 
being  volatilized  during  the  first 
minute  or  two. 

Because  of  the  great  sensitivity  of  the  catalytic  method  of 
determination,  the  amount  of  blood  required  may  be  reduced 
very  materially,  about  3  cc.  being  convenient. 


WP 


Figure  3 
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Table  II.  Recovery  of  Iodine 


Content 


Solution 


Blank:  25  cc.  HjSO< 

3  co.  60%  CrOi 
Reagents  +  0.05  y  I 
ReagentB  +  0.05  y  I 
Reagents  +  0.5  y  I 
Reagents  +  0.5  y  I 
Reagents  +  3  cc.  serum 
Reagents  +  3  co.  serum 


Reagents0  +  50  y  I 
Reagents0  +  50  7  I 


Volume 

of 

Re¬ 

of 

Trans¬ 

Total 

cov¬ 

Distillate 

mission 

Distillate 

ery 

Cc. 

% 

Min. 

Micrograms 

% 

8 

33 

40 

0.030 

8 

32 

40 

0.030 

8 

53 

40 

0.072 

'84 

8 

53 

40 

0.072 

84 

12 

58.5 

10 

0.49 

92 

12 

60 

10 

0.50 

94 

12 

44 

20 

0.165 

.  . . 

12 

43 

20 

0.16 

f  I  12 
r  I  12 

12 

45 

10 

0.35 

'95 

45 

10 

0.35 

95 

58.5 

10 

49 

98 

12 

59.5 

10 

50 

100 

0  Distillate  diluted  1  to  100  before  measurement. 


Reagents 

Some  of  the  reagents  used  require  preliminary  purification  in 
order  to  reduce  the  blank  determination  to  satisfactory  low 
levels. 


Sulfuric  Acid.  c.  p.  sulfuric  acid  was  purified  according  to 
Matthews’  procedure  ( 5 ).  ,  , 

Chromic  Acid.  Grasselli’s  chromic  acid  (technical)  was  found 
sufficiently  low  in  iodine  to  use  without  purification,  while  c.  p. 
grades  were  unsatisfactory.  A  solution  containing  300  grams  of 
chromic  acid  plus  200  cc.  of  water  was  prepared.  This  con¬ 
tains  approximately  1  gram  of  chromic  acid  per  cc. 

Combined  Chromic  Acid-Sulfuric  Acid  Reagent.  It  was 
found  possible  to  prepare  a  single  reagent  containing  the  oxidizing 
reagents.  Chromic  acid  (120  grams)  is  dissolved  in  150  cc.  of 
water,  and  1  liter  of  concentrated  sulfuric  acid  is  added.  Of  this 
mixture  25  cc.  are  sufficient  for  the  oxidation  of  4  cc.  of  serum. 
For  whole  blood  50  cc.  should  be  used  for  3  cc.  of  blood. 

Phosphorous  Acid.  A  50  per  cent  solution  of  phosphorous 
acid  was  purified  by  boiling  for  1  hour,  adding  water  from  time  to 
time  to  maintain  volume. 

Hydrogen  Peroxide.  Merck’s  Superoxol,  30  per  cent  solu¬ 
tion,  is  used.  .  _  i 

Ceric  Ammonium  Sulfate.  A  0.1  N  solution  in  3.5  N  sul¬ 
furic  acid.  It  should  be  standardized  against  arsemous  acid,  using 
iodide  or  osmic  acid  as  catalyst. 

Sodium  Hydroxide.  A  1  per  cent  solution  of  reagent  grade 

low  in  iodine.  . ...  .  ...  ,,  . 

Arbenious  Acid.  A  0.2  N  solution  acidified  with  sultunc 
acid  till  acidity  is  approximately  1.5  A  in  sulfuric. 


Technique  of  Oxidation  and  Distillation 

The  following  directions  apply  particularly  to  blood  serum 
or  plasma,  which  is  used  in  preference  to  whole  blood,  since 
the  protein  to  be  oxidized  is  very  much  less. 

Three  cubic  centimeters  of  a  60  per  cent  solution  of  chromic 
acid  and  25  cc.  of  concentrated  sulfuric  acid,  or  25  cc.  of  the 
combined  reagents,  are  placed  in  a  300-cc.  round-bottomed,  two¬ 
necked  flask  with  interchangeable  joints.  After  cooling,  the 
blood  plasma  (3  or  4  cc.)  is  added  and  the  flask  is  shaken  till 
foaming  is  over.  It  is  then  heated  on  a  350-watt  electric  heater 
for  about  4  minutes,  when  oxidation  is  complete.  The  excess 
water  by  this  time  will  be  all  boiled  off,  and  the  temperature 
should  be  about  200°  to  220°  C.  (beginning  fuming  of  sulfuric 
acid).  The  current  is  then  turned  off  and  the  flask  allowed  to 
remain  on  the  heater  for  3  or  4  minutes  longer  to  complete  decom¬ 
position  of  the  excess  chromic  acid.  Heating  must  not  be  con¬ 
tinued  too  long,  or  precipitation  of  chromium  salts  occurs,  some¬ 
times  accompanied  by  violent  bumping.  After  cooling  to  below 
100°  C.,  15  cc.  more  of  water  are  added  and  boiled  off  to  remove 
remaining  volatile  material  together  with  traces  of  reducing  sub- 
stances. 

After  cooling,  the  flask  is  connected  to  the  iodine  recovery 
apparatus  and  a  dropping  funnel  placed  in  the  side  neck,  while 
1  cc.  of  1  per  cent  sodium  hydroxide  is  added  through  the  reflux 
condenser  to  the  trap,  followed  by  1  cc.  of  water.  The  contents 
of  the  still  are  diluted  with  15  cc.  of  water,  and  brought  to  boil 
on  an  electric  heater.  As  soon  as  vigorous  boiling  has  started, 
3  cc.  of  50  per  cent  phosphorous  acid  and  2  drops  of  30  per  cent 
hydrogen  peroxide  are  added  through  the  dropping  funnel.  It  is 


necessary  to  blow  the  phosphorous  acid  into  the  flask  on  account 
of  the  slight  positive  pressure  in  the  apparatus.  Rapid  distil¬ 
lation  is  continued  for  6  to  8  minutes.  The  apparatus  es  then  dis¬ 
connected,  and  the  contents  of  the  trap  are  poured  into  a  cali¬ 
brated  tube.  The  trap  is  rinsed  out  and  the  combined  volume  of 
distillate  and  washings  is  made  up  to  8  or  12  cc.  It  is  unnecessary 
to  neutralize  this  distillate,  since  sufficient  acidity  is  provided  in 
the  ceric  sulfate  and  arsenious  acid  to  keep  the  final  solution  at 
least  0.4  N  in  acidity.  From  the  distillate  4-cc.  duplicate 
samples  may  be  taken  for  estimation  of  iodine  by  the  catalytic 
procedure. 

Table  II  shows  recovery  of  various  quantities  of  iodine 
under  different  conditions,  demonstrating  the  efficiency  of  the 
still.  The  final  determinations  were  made  in  each  case  by 
the  catalytic  procedure,  diluting  the  distillate  where  necessary 
to  cover  the  proper  range. 

Discussion  of  Procedure 

Recent  investigators  have  chosen  phosphorous  acid  as  the 
best  reducing  agent  for  the  residual  chromic  acid  and  for  the 
reduction  of  iodic  acid.  However,  the  rate  of  its  reducing 
action  may  be  slow  under  some  circumstances  (S).  In  pre¬ 
liminary  studies  of  the  efficiency  of  the  still  described,  it  was 
found  essential  to  have  the  contents  of  the  flask  boiling  before 
addition  of  phosphorous  acid  in  order  to  get  satisfactory  re¬ 
coveries. 

Later,  a  batch  of  phosphorous  acid  was  encountered  which 
gave  very  poor  recoveries  (25  per  cent)  when  known  quanti¬ 
ties  of  iodide  or  iodate  were  added.  The  reason  for  this  be¬ 
havior  has  not  been  entirely  cleared  up,  since  known  inter¬ 
fering  ions  were  shown  to  be  absent.  However,  the  addition 
of  small  amounts  (0.1  to  0.2  cc.)  of  0.1  N  arsenious  acid  to  this 
phosphorous  acid  gave  fair  recoveries.  Hydrogen  peroxide 
proved  to  be  a  still  better  addition  agent,  giving  100  per  cent 
recoveries. 

In  the  final  catalytic  determination,  it  was  found  necessary 
to  clean  the  reaction  test  tubes  carefully  after  each  deter¬ 
mination,  using  dichromate-sulfuric  acid  and  thorough  rinsing 
with  distilled  water.  Otherwise  erratic  results  were  obtained. 

Summary 

The  catalytic  action  of  iodine  on  ceric  sulfate  reduction 
has  been  adapted  to  the  quantitative  microdetermination  of 
iodine  in  biological  material.  Satisfactory  results  may  be 
obtained  with  quantities  as  small  as  0.05  microgram  of  iodine. 

An  improved  distillation  apparatus  for  the  rapid  recovery 
of  minute  amounts  of  iodine  is  described. 

The  value  of  addition  reagents,  such  as  hydrogen  peroxide, 
in  phophorous  acid  for  complete  recovery  of  iodine  by  distilla¬ 
tion  is  discussed. 
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Simple  Photoelectric  Microdensitometer 

M.  SPIEGEL-ADOLF  AND  R.  H.  PECKHAM,  Temple  University  School  of  Medicine,  Philadelphia,  Penna. 


A  simple  photoelectric  microdensitom¬ 
eter  is  described  consisting  mainly  of 
light  source,  microscope  stand,  and  photo¬ 
electric  cell.  With  this  arrangement  it  is 
possible  to  give  graphical  descriptions  of 
x-ray  diffraction  patterns. 

STUDIES  (4)  of  the  x-ray  diffraction  patterns  of  amino 
acids  and  proteins  subjected  to  various  alterations  have 
made  it  necessary  to  describe  the  corresponding  changes  in 
the  x-ray  diffraction  patterns  in  a  reliable  way.  It  seems 
desirable  to  determine  the  diameter  of  the  diffraction  rings 
with  a  higher  degree  of  accuracy  than  is  yielded  by  repeated 
direct  measurements  ( 1 ),  and  at  the  same  time  to  evaluate 
the  varying  relative  intensities  of  these  rings.  Furthermore, 
it  seems  advisable  to  exclude  personal  equations  by  using  an 
objective  method. 

Not  all  the  available  apparatus  meet  these  requirements. 
In  some  cases  the  costs  are  prohibitive  {2) .  The  arrangement 
of  apparatus  shown  in  Figure  1  has  proved  satisfactory  for  the 
authors’  special  purposes. 

Apparatus 

A  Bausch  &  Lomb  adjustable  lamp  equipped  with  a  6-volt, 
108-watt  ribbon  filament  bulb  is  used  as  a  light  source.  With 
the  help  of  a  plane  mirror  and  two  additional  condenser  lenses 
the  whole  surface  of  a  Type  2  Weston  photronic  cell  is  equally 
illuminated.  A  large  monocular  Zeiss  microscope  stand  is  used 
to  support  these  parts,  the  mirror  belonging  to  the  usual  micro¬ 


scope  equipment,  while  one  of  the  lenses  is  used  instead  of  the 
Abbe  condenser  and  the  other  lens  is  set  in  place  of  the  revolving 
nosepiece.  The  lenses  are  focused  by  help  of  the  microscope’s 
rack  and  pinion  and  adjustment  of  the  substage. 

In  order  to  measure  the  light  transmission  of  the  plates  by 
small  steps  interchangeable  diaphragms  of  1,  0.5,  and  0.25  sq. 
mm.,  respectively,  are  placed  in  the  plane  of  the  stage  which 
supports  the  film  under  investigation.  The  microscope  is 
equipped  with  a  compound  revolving  mechanical  stage  with 
70-mm.  transverse  and  50-mm.  backward  and  forward  range  of 
rectilinear  motion  and  with  verniers  reading  displacement  in 
either  direction  to  0.1  mm.  The  current  output  of  the  photo¬ 
electric  cell  is  measured  with  a  440  Weston  microammeter  which 
permits  direct  readings  in  microamperes  in  steps  of  0.1  for  15 
microamperes.  A  single  double-throw  switch  short-circuits  the 
instrument  when  not  in  use. 

A  disadvantage  of  this  arrangement  consists  in  the  fact 
that  variations  in  the  light  source  may  influence  the  results, 
since  measurements  of  the  diffraction  patterns  are  made  con¬ 
secutively  and  not  simultaneously.  This  danger  is  lessened 
by  using  a  low-voltage  bulb  fed  from  a  secondary  electric 
circuit,  and  can  be  entirely  eliminated  by  replacing  the  aver¬ 
age  transformer  by  one  of  constant  output.  In  the  authors’ 
special  case  they  have  checked  their  results  by  reduplication 
in  a  satisfactory  way.  The  greatest  variations  for  any  meas¬ 
urements  were  less  than  2  per  cent,  which  according  to 
Weigert  ( 5 )  is  the  limit  for  photometric  determinations  of  this 
type.  Nevertheless  the  authors  now  use  a  voltage  stabilizer. 

Advantages  of  Method.  The  image  is  focused  in  the 
plane  of  the  cell  to  cover  the  whole  cell  evenly  and  thus  inte¬ 
grate  the  light  from  the  chosen  area  over  the  entire  cell. 
Because  of  the  small  output  used  in  these  determinations  the 
readings  stay  within  the  linear  range  of  the  cell. 


The  amount  of  current  varies  between  1 
and  14  microamperes.  The  current  density 
can  be  controlled  to  give  a  full-scale  reading 
for  calibration  on  a  rugged  and  standard 
ammeter  by  control  of  the  primary  light  source. 

The  photoelectric  microdensitometer  is  made 
up  of  standard  and  simple  optical  parts, 
mounted  on  the  microscope  stage  only  for 
convenience  and  using  electrical  parts  that 
are  standard  and  can  be  used  for  other  ap¬ 
paratus  or  borrowed  from  other  setups  for 
this  purpose.  The  cost  of  the  apparatus,  in¬ 
cluding  the  shopwork  but  excluding  the  micro¬ 
scope  stage,  does  not  exceed  $156  (including 
voltage  stabilizer). 

The  accurately  working  mechanical  stage, 
which  is  an  essential  part  of  the  photoelec¬ 
tric  microdensitometer,  enables  one  to  make 
readings  at  exact  settings.  By  a  procedure 
described  below,  the  center  coordinates  of  an 
x-ray  diffraction  pattern  and  any  of  its  diame¬ 
ters  can  be  computed  within  2  per  cent.  By 
making  a  large  number  of  readings  across  the 
film  under  observation  the  construction  of  a 
relative  light  transmission  graph  is  made  pos¬ 
sible.  Such  graphs  have  until  now  been  ob¬ 
tained  only  by  very  expensive  self-recording 
instruments  (Moll). 

Procedure 


Figure  1 .  Assembly  of  Apparatus  for  Photoelectric  Microdensitometer 
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The  determinations  of  the  center  of  the 
diffraction  pattern  and  of  the  diameter  of  an 
individual  ring  are  made  in  the  following  way: 


MARCH  15,  1940 


ANALYTICAL  EDITION 


183 


Figure  2.  Positive  Print  of  X-Rat  Diffraction  Pattern 
of  ^/-^-Phenylalanine 

The  center  found  by  computation  has  been  marked  with  a  white  cross. 
The  scale  on  left  shows  units  of  4  mm.  Letters  on  right  refer  to  points 
indicated  in  Figure  3. 


The  film  is  approximately  centered  by  help  of  the  mechanical 
stage.  The  horizontal  scale  is  held  constant  and  the  vertical 
scale  is  moved  until  the  ring  being  measured  is  close  to  the  aper¬ 
ture.  Successive  measurements  of  the  transmission  are  made 
for  each  0.5  mm.  across  the  ring.  The  minimum  transmission 
determines  the  coordinates  of  one  point  on  the  ring.  The  hori¬ 
zontal  scale  is  still  kept  constant  and  the  vertical  scale  is  moved 
to  the  opposite  side  of  the  ring.  The  minimal  point  of  the  trans¬ 
mission  across  this  part  of  the  ring  determines  the  coordinates 
of  a  second  point  on  the  ring.  The  midpoint  of  the  two  readings 
on  the  vertical  scale  determines  the  center  of  this  approximately 
diametral  chord;  the  vertical  scale  is  left  in  this  position  and  the 
horizontal  scale  is  moved  until  the  ring  is  near  the  aperture. 
The  minimal  transmissions  will  now  determine  the  coordinate  of 
a  third  point  on  the  ring.  The  coordinates  of  these  three  points 
are  substituted  for  X  and  Y,  respectively,  in  the  general  equation 
of  a  circle: 

X2  +  Y2  +  DX  +  EY  +  F  =  0 


Mm. 

Microamperes 

36.0 

4.0 

35.0 

3.7 

34.0 

3.5 

33.5 

3.4 

33.0 

3.4 

32.5 

3.4 

32.0 

3.6 

31 . 5 

3.8 

Mm. 

Microamperes 

9.0 

4.2 

8.5 

3.9 

8.0 

3.6 

7.5 

3.4 

7.0 

3.4 

6.5 

3.35 

6.0 

3.4 

5. 5 

3.4 

5 . 0 

3.6 

4.5 

3.7 

The  readings  on  the  horizontal  scale  were : 


Mm. 

Microamperes 

Mm. 

yiicroamperes 

36 . 5 

3.8 

38.5 

3.35 

37.0 

3.6 

39.0 

3.35 

37.5 

3. 5 

39.5 

3 . 5 

38.7 

3.4 

40.0- 

3.6 

The  minima  of  transmissions  in  these  three  sets  of  readings 
give  the  following  three  pairs  of  coordinates  of  three  points  lo¬ 
cated  on  the  diffraction  ring: 


Horizontal  Scale 
x 

24.6 

24.6 

38.7 


Vertical  Scale 
y 

33.0 

6.5 

19.4 


When  these  values  are  substituted  in  the  general  equation 
given  above,  three  independent  equations  are  obtained  for  D,  E, 
and  F  which  can  therefore  be  computed. 


(24.6)-  +  (33.0)2  4-  24.6 D  +  33. OF  + 

605.16  +  1089  +  24. 6D  +  33. OF  + 

1694.16  +  24.6 D  +  33. OF  + 


F  = 
F  = 
F  = 


0 

0 

0 


(24.6)2  4.  (6.5)2  +  24. 6F  +  6.5F  +  F  = 

605.16  4-  42.25  +  24.60  +  6.5F  4-  F  = 

(y  41  I  0  4  A  7A  _l_  A  tiJP  F  = 


0 

0 

0 


(38.7)2  4-  (19.4)2  4-  38.70  +  19. 4F  4- 
1497.69  +  376.36  +  38.70  4-  19. 4F  4- 

I  OO  *77-1  _L  1(1  A  JT  _1_ 


F  = 
F  = 
F  = 


0 

0 

0 


1694.16  4-  24.60  4-  33. OF  4-  F  =  0 
647.41  4-  24.60  -f  6.5F  4*  F  =  0 


1046.75  4-  0.0  4-  26. 5F  =  0 


F  = 


-1046.75 
26.5 


=  -39.5 


1874.05  4-  38.70  4-  19. 4F  4-  F  =  0 

1694.16  4-  24.60  4-  33. OF  4-7  =  0 

179.89  4-  14.10  -  13. 6F  =  0 
179.89  4-  14.10  4-  13.6  X  39.5  =  0 


716.59 
TiT 


-50.82 


1694.16  -  24.6  X  50.8  -  33.0  X  39.5  +  F  =  0 
F  =  859.84 


D,  E,  and  F  are  computed 
by  the  simultaneous  solutions 
for  all  three  points  determined 
above.  The  coordinates  of 
the  center  will  be  expressed 
by  —l/iD  and  — l/iE ,  and 
the  diameter  of  the  ring  will 
equal  y/ D2  +  E2  +  4 F. 

Example.  An  x-ray  dif¬ 
fraction  pattern  of  genuine 
serum  albumin  which  consists 
chiefly  of  two  diffuse  rings 
was  tentatively  centered  at 
19.4  of  the  vertical  and  24.6 
of  the  horizontal  scales.  The 
transmissions  on  the  vertical 
scale  near  the  ring  to  be  de¬ 
termined  were: 


Figure  3.  Densitometric 
Study  of  Original  Plate 
Shown  in  Figure  2. 

Ordinates  represent  relative  trans¬ 
mission  of  darkened  portions  of 
plate  for  0.25  sq.  mm.  areas  along 
a  radius,  as  compared  to  trans¬ 
mission  of  unaffected  center  of 
plate. 
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According  to  the  above-mentioned  relations  between  D,  E,  and 
F,  the  coordinates  of  the  center  and  the  diameter  of  the  ring, 
these  latter  values  are  computed  from  these  figures.  The  coordi¬ 
nates  of  the  center  are  19.75  and  25.4,  and  the  diameter  of  the 
ring  is  26.47  mm.  A  less  accurate  but  more  convenient  method  is 
the  geometrical  determination  of  the  center  and  the  diameter 
found  by  plotting  the  three  points  with  a  large  scale  on  coordinate 
paper.  By  using  millimeter  coordinate  paper  and  a  10-time 
magnification,  the  results  are  19.75  and  25.4  for  the  center  coor¬ 
dinates  and  26.5  mm.  for  the  diameter  of  the  ring. 

For  the  construction  of  relative  fight  transmission  graphs  the 
horizontal  and  the  vertical  scales  are  now  set  for  the  coordinates 
of  the  center  and  the  transmission  of  the  center  area  is  read  on 
the  scale  of  the  ammeter.  The  center  area  has  been  protected 
by  lead  against  the  x-ray  beam.  Successive  readings  are  made 
along  the  vertical  or  horizontal  radii.  The  ratio  of  the  am¬ 
meter  readings  for  any  point  as  compared  to  the  center  will  yield 
the  relative  transmission  of  this  point.  By  subtracting  the 
stage  scale  readings  for  a  given  point  from  the  respective  center 
coordinates,  the  radius  of  the  point  is  determined.  By  plotting 
the  relative  transmissions  against  the  distances  of  points  from 
the  center  a  curve  is  obtained,  which  graphically  represents  the 
brightness  of  the  diffraction  rings.  The  maxima  and  minima 
of  this  curve  will  indicate  the  diameters  of  the  diffraction  rings 
of  the  plate. 

In  event  of  diffraction  patterns  which  are  not  circular  the 
same  fundamental  method  is  used,  but  more  points  must  be  used 
according  to  the  pattern  involved. 

Data 

A  graphical  description  of  an  x-ray  diffraction  pattern  is 
given  in  Figures  2  and  3.  The  technique  used  in  making 


the  x-ray  diffraction  pattern  has  been  described  before 
U)-  The  d(-/3-phenylalanine  is  a  preparation  from  the  East¬ 
man  Kodak  Company  which  has  been  used  before  in  ultra- 
spectrographic  work  ($). 
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Sealable  Absorption  Microtube 

ARTHUR  N.  PRATER,  California  Institute  of  Technology,  Pasadena,  Calif. 


Ou+er  Tube  -  9.5  mm.  I.D. 

Inner  Tube  —  8.0  mm.O.D. 
Overall  length  —  I A  cm. 


SINCE  the  development  of  combustion  microtechnique  by 
Pregl,  numerous  investigators  have  proposed  modifica¬ 
tions  of  the  absorption  tubes.  Most  of  these  tubes  have  been 
designed  to  seal  the  absorbing  agents  from  the  air  at  all  times 
except  during  the  actual  combustion.  Through  the  use  of  a 

closed-type  absorption  appara¬ 
tus,  diffusion  from  the  tube  is 
eliminated,  allowing  the  com¬ 
plete  combustion  to  be  carried 
out  in  oxygen  alone. 

While  the  Pregl  tube  ( 3 )  is 
unquestionably  the  simplest 
and  easiest  to  manipulate,  the 
combustion  must  be  finished 
with  air  and  temperature 
changes  must  be  avoided  when 
transferring  between  the  com¬ 
bustion  train  and  the  balance 
room.  These  objectionable 
features  are  entirely  overcome 
by  the  absorption  tubes  pro¬ 
posed  by  Friedrichs  ( 2 )  and  modified  by 
Abrahamczik  (I).  As  reported  by  Fried¬ 
richs,  however,  the  tubes  are  of  such  small 
capacity  that  too  frequent  filling  is  neces¬ 
sary.  The  modification  proposed  by  Abra¬ 
hamczik  has  several  distinct  drawbacks :  It 
is  expensive  to  construct,  very  fragile,  ex¬ 
tremely  difficult  to  fill,  and  difficult  to  wipe 
without  accidentally  dislodging  the  sleeve 
and  wiping  away  some  of  the  lubricant. 

Modified  Friedrichs  absorption  tubes 
possessing  none  of  these  disadvantages  have 
been  used  successfully  in  this  laboratory  for 
the  past  year.  These  tubes  are  constructed 


Open 


from  thin-walled  hydrometer  tubing  and  when  full  weigh  leas 
than  15  grams,  although  they  contain  sufficient  absorbent  for 
twenty-five  analyses.  On  standing  overnight  these  tubes, 
when  closed,  increase  in  weight  only  about  one  quarter  as 
much  as  do  the  regular  Pregl  tubes  with  the  protecting  rubber 
stoppers.  The  illustration  gives  the  design  and  dimensions. 
In  use,  all  the  absorbent  is  placed  in  the  inner  sleeve  with  the 
top  and  bottom  protected  by  cotton  plugs.  The  lower  portion 
of  the  ground  joint  is  lubricated  with  a  good  grade  of  stopcock 
grease,  care  being  taken  to  prevent  grease  from  touching  the 
portion  of  the  ground  surface  above  the  protecting  groove. 
Table  I  gives  typical  results  with  tubes  of  this  design. 

Table  I.  Typical  Results® 


Theory 

Found 

% 

% 

Adipic  acid 

C,  49.31 

C,  49.24,49.31,49.19 

H,  6.90 

H,  6.97,  6.90,  6.77 

Acetyl  salicylic  acid 

C,  59.98 

C,  59.85 

H,  4.48 

H,  4.61 

Acetanilide 

C,  71.07 

C,  70.95 

H,  6.72 

H,  6.67 

°  Microanalyses  by  G.  A.  Swinehart. 

In  addition  to  their  use  in  micromethods,  these  tubes  have 
proved  to  be  admirably  suited  for  semimicroprocedures.  In 
this  case  the  tubes  are  preferably  made  somewhat  larger,  the 
inner  and  outer  tubes  being  10  mm.  in  outside  diameter  and 
12  mm.  in  inside  diameter,  respectively. 

Both  the  micro-  and  semimicrotubes  may  be  purchased 
from  the  Greiner  Glassblowing  Laboratory,  255  West  Santa 
Barbara  Ave.,  Los  Angeles,  Calif. 
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Chemical  Research  Laboratory  of  the  Ethyl 

Gasoline  Corporation 

HAROLD  A.  BEATTY,  Ethyl  Gasoline  Corporation,  Detroit,  Mich. 


THE  Ethyl  Gasoline  Corporation  has  recently  transferred 
its  Chemical  Research  Laboratory  to  a  new  building 
located  on  the  Eight  Mile  Road  at  the  city  limits  of  Detroit, 
where  it  owns  eight  acres  with  a  frontage  of  500  feet  on  the 
north  side  of  the  highway.  On  the  rear  of  this  property  a 
small  semiworks  unit  was  built  in  1936  for  use  in  the  produc¬ 
tion  of  sodium-lead  alloy  and  alkyl  lead  compounds,  distil¬ 
lation  of  gasoline,  and  similar  activities  which  are  best  carried 
out  away  from  the  city. 

The  new  laboratory  is  a  single-story  brick  and  concrete 
building  250  feet  long  and  50  feet  wide,  with  central  and 
cross  corridors  giving  exits  on  all  four  sides,  and  with  an 
interior  stairway  to  the  roof.  Everything  is  on  one  floor  ex¬ 
cept  the  boiler  room  and  the  mezzanine  for  storage  above  it. 
Soundproof  and  air-conditioned  reception,  office,  library, 
and  lunch  rooms  are  grouped  at  the  south  end  of  the  building 
in  order  to  reduce  noise,  odors,  and  hazards,  to  facilitate 
interoffice  communication,  and  to  allow  more  finished  treat¬ 
ment  of  walls,  floors,  etc.  At  the  north  end,  near  the  semi¬ 
works  unit,  are  grouped  the  laboratories  and  service  rooms. 
The  driveway,  parking  lot,  and  main  entrance  are  on  the  west 


side,  while  on  the  east  and  north  a  large  fenced-in  yard,  which 
includes  the  semiworks  unit,  provides  safe  facilities  for  out- 
door  storage  and  handling  of  fuels  and  hazardous  materials. 
If  the  Engineering  and  Aeronautical  Research  Laboratories 
are  later  moved  to  this  location,  the  Chemical  Laboratory 
will  form  the  east  wing  of  an  E-shaped  building. 

Efficiency  and  convenience  of  operation  have  been  em¬ 
phasized  in  the  layout  and  equipment  of  the  laboratories. 
Among  the  desirable  features  are  an  enclosed  balance  room,  a 
28-foot  length  of  hood  for  the  analytical  room,  other  hoods 
with  a  double  level  of  working  surface  from  15  to  36  inches 
from  the  floor,  a  fully  automatic  distilled  water  boiler, 
refrigerator  and  boxes  for  ice  and  dry  ice,  and  a  complete 
inter-  and  outer-communicating  telephone  system  as  well 
as  an  interlaboratory  paging  loud  speaker . 

The  size  of  the  rooms  has  been  carefully  planned  with  re¬ 
spect  to  the  requirements  for  benches  and  aisles  and  for  il¬ 
lumination.  General  Electric  fluorescent  lamps  are  installed 
together  with  individual  lamps  for  particular  pieces  of 
equipment  which  require  them.  Steel  furniture  and  Alberene 
stone  benches,  hoods,  and  sinks  are  used. 


Exterior  View  of  Laboratory 
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The  floors  are  hard  Lab- 
romix  cement  and  quartz 
aggregate  with  chromic 
oxide  pigment,  ground 
down  and  polished,  giving 
a  smooth  and  dust-free  sur¬ 
face. 

Individual  blowers,  each 
serving  not  more  than  two 
hoods,  are  used  and  are 
separately  vented  to  the 
roof.  For  the  heavy-duty 
hoods,  provision  is  made 
for  ready  access  to  the  ducts 
entering  the  hoods  and  for 
draining  any  liquid  con¬ 
densate  from  them. 

From  a  single  tank  and 
reducing  valve,  low-pressure 
nitrogen  is  piped  to  a 
number  of  the  laboratories 
where  it  is  anticipated 
that  it  will  be  in  fre¬ 
quent  demand,  to  avoid 
continual  moving  of  cylinders  from  room  to  room. 

The  laboratory  rooms  are  divided  by  unglazed  hollow  tile 
partitions  which  can  readily  be  torn  down  or  built  up  when¬ 
ever  occasion  may  require,  without  interference  with  any  of 


the  service  supply  lines. 
Equipment  can  be  hung 
from  or  tied  into  the  tile 
walls  at  any  point. 

The  lower  side  of  the  steel 
deck  roof  and  its  beams  are 
left  exposed,  permitting 
ready  access  to  all  the  serv¬ 
ice  supply  lines  which  are 
carried  just  under  the  roof. 

The  type  of  construction 
has  been  purposely  made 
simple  and  sufficiently  in¬ 
expensive  to  permit  changes. 
This  is  perhaps  in  contrast 
to  other  new  laboratories, 
where  decorative  glazed  tile 
has  been  used  and  special 
provisions  have  been  made 
in  the  form  of  beams,  etc., 
for  accommodating  equip¬ 
ment. 

The  activities  of  the 
laboratory  include  chemical 
problems  involved  in  the  manufacture,  distribution,  and  use 
of  tetraethyllead  as  an  antiknock  compound,  as  well  as  a  broad 
study  of  motor  fuels,  including  the  fundamentals  of  their 
combustion. 


Main  Entrance  to  Laboratory  Building 


Quarters  for  Stenographic  Department 


Laboratory  Room  in  Chemical  Laboratory  Blhlding 
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Separation  and  Determination  of  Isomeric 

Menthols 


R.  T.  HALL1,  J.  H.  HOLCOMB,  JR.,  AND  D.  B.  GRIFFIN,  Swann  &  Company,  Birmingham,  Ala. 


DURING  the  past  several  years  the  authors  have  analyzed 
numerous  samples  of  menthol,  mixtures  of  menthols, 
and  mixtures  of  menthol  with  other  terpene  alcohols.  In 
some  cases  the  usual  methods  for  the  determination  of  men¬ 
thol  have  been  found  satisfactory,  but  in  many  instances  they 
do  not  give  correct  results,  particularly  when  dealing  with 
mixtures  of  isomeric  menthols.  The  purpose  of  this  work  is  to 
study  the  application  of  various  methods  of  analysis  to  the 
separation  and  determination  of  menthol  and  to  indicate  cer¬ 
tain  necessary  modifications. 

The  structural  formula  for  menthol  as  established  by 
Semmler,  Beckman,  and  others  ( 8 )  is  shown  in  Figure  1.  It 
is  apparent  that  menthol  is  capable  of  existing  in  eight  opti¬ 
cally  active  forms.  Six  of  the  eight  have  been  isolated  and 
identified,  as  shown  in  Table  I. 


f-menthol — is  obtained.  The  large  proportion  of  1-menthol 
present  in  this  particular  mixture  makes  possible  its  separa¬ 
tion  on  a  commercial  scale.  The  chief  interest  of  the  authors 
has  been  in  the  analytical  reactions  of  these  three  stereo¬ 
isomers.  The  physical  constants  of  the  various  menthols 
studied  were  determined  as  shown  in  Table  II. 

Table  II.  Physical  Constants  op  Menthols 


Melting 

Specific 

Refractive 

Boiling 

Point 

Point 

Rotation 

Index 

(760  Mm.) 

°  C. 

„25 
°  D 

n  D 

°  C. 

/-Menthol  (U.  S.  P.) 

43 

-50.0 

1.4600 

216 

d-Neomenthol 

-17 

+  19.7 

1 . 4600 

212 

d-Isomenthol 

83 

+25.5 

1 . 4600 

218 

Mixture® 

15 

-  2.85 

1 . 4600 

214 

o  The  mixture  consisted  of  approximately  35%  l-menthol,  40%  d-neo- 
menthol,  and  25%  d-isomenthol. 


Table  I.  Menthol  Stereoisomers 


Melting 

Specific 

Boiling  Point 

Stereoisomer  (7) 

Point 

Rotation 

(760  Mm.) 

0  C. 

„25 
°  D 

°  C. 

1-Menthol 

43 

-49.5 

216 

d-Menthol 

43 

+  50. 1 

216 

1-Neomenthol 

Liquid 

-19.6 

212 

d-Neomenthol 

-17 

+  19.6 

212 

1-Isomenthol 

80.5 

-24.1 

218 

d-Isomenthol 

85.0 

+  26.3 

218 

Stereoisomers  containing  two  or  more 
asymmetric  carbon  atoms  may  differ  in 
their  physical  properties.  Further,  al¬ 
though  they  undergo  similar  reactions,  the 
difference  in  rates  of  reaction  may  be 
marked,  as  shown  by  this  study. 

Until  a  few  years  ago  the  industry  ob¬ 
tained  all  its  “menthol  U.  S.  P.”  from 
Japan,  where  it  occurs  naturally  in  oil  of 
peppermint,  Mentha  arvensis.  1-Menthol 
in  the  pure  state  is  the  U.  S.  P.  material. 

In  recent  years,  however,  many  synthetic 
menthols  have  appeared  on  the  market. 

They  have  consisted  of  varied  mixtures  of  the  other  stereoiso¬ 
mers  along  with  some  of  the  U.  S.  P.  product.  The  number 
and  proportion  of  isomers  in  any  mixture  of  menthols  is  de¬ 
pendent  on  the  method  of  synthesis.  When  d-citronella  (4) 
obtained  from  citronella  oil  is  used  as  the  starting  material,  a 
mixture  of  three  isomers — d-neomenthol,  d-isomenthol,  and 

1  Present  address,  Hercules  Powder  Company,  Wilmington,  Del. 


The  d-neomenthol  was  obtained  by  separating  it  from  an 
isomeric  mixture  which  had  been  enriched  in  this  lower-boiling 
material  by  careful  fractional  distillation  in  a  240-cm.  (8-foot) 
laboratory  fractionating  unit.  The  final  purification  was  ef¬ 
fected  by  preparation  of  the  d-neomenthol  acetate  ( 9 )  ester 
and  subsequent  hydrolysis  of  the  recrystallized  product. 
The  d-isomenthol  was  prepared  by  separating  it  from  a  mix¬ 
ture  which  had  been  enriched  in  this  higher-boiling  material 
by  careful  fractionating  as  in  the  previous  case.  Final  purifi¬ 
cation  was  achieved  through  repeated  alcohol  recrystalliza¬ 
tions.  Although  it  is  evident  that  the  d-isomenthol  was 
slightly  impure,  the  J-menthol  and  d-neomenthol  were  pure, 
as  shown  by  comparison  with  Table  I. 

Discussion  of  Methods 

Most  methods  for  the  determination  of  total  menthol 
(jf,  5)  involve  acetylation  followed  by  hydrolysis  of  the  acety- 
lated  product  with  an  excess  of  standard  alcoholic  potassium 
hydroxide.  However,  saponification  by  the  use  of  potassium 
hydroxide  in  diethylene  glycol  (6)  is  an  improvement  for  the 
reaction  and  can  be  carried  out  in  one  fourth  to  one  fifth  of  the 
time.  Preliminary  studies  indicated  that  the  rates  of  both  the 
acetylation  and  hydrolysis  varied  for  different  isomers  of 
menthol.  However,  an  acetylation  time  of  2  hours  was  found 
to  be  sufficient  for  complete  reaction  in  all  instances — in 
fact,  1  hour  sufficed  for  all  except  the  d-neomenthol.  The  low 
results  obtained  for  some  of  the  isomers  were  found  without 
exception  to  be  due  to  a  too  short  hydrolysis  time.  Therefore, 
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in  the  authors’  study  the  acetylations  were  done  in  a  2-hour 
period,  and  only  the  time  of  hydrolysis  was  varied. 

Apparatus  and  Reagents.  The  pieces  of  equipment  neces¬ 
sary  are  125-ml.  conical  Pyrex  flasks,  burets,  pipets,  and  reflux 
condensers.  The  reagents  are  alcoholic  potassium  hydroxide 
(approximately  0.5  N )  and  0.5  N  aqueous  hydrochloric  acid. 
The  acid  is  standardized  against  the  potassium  hydroxide  which 
in  turn  is  standardized  against  benzoic  acid  (Primary  Standard 
39c,  National  Bureau  of  Standards).  In  applying  the  methods 
of  Redemann  and  Lucas  (6)  conical  Pyrex  flasks  fitted  with  90- 
cm.  (3-foot)  air  condensers  instead  of  glass  stoppers  were  used, 
since  it  was  found  that  15  minutes  or  more  of  gentle  refluxing 
were  required  for  complete  hydrolysis  of  some  of  the  samples. 

Procedures.  For  the  acetylation,  20  grams  of  the  menthol 
were  introduced  into  an  acetylation  flask  along  with  25  ml.  of 
acetic  anhydride  (c.  p.  grade),  and  5  grams  of  c.  p.  anhydrous 
sodium  acetate.  The  mixture  was  refluxed  gently  for  2  hours. 
One  hundred  milliliters  of  distilled  water  were  added,  the  mixture 
was  heated  on  a  steam  bath  for  30  minutes  to  destroy  excess  ace¬ 
tic  anhydride,  and  the  aqueous  layer  was  drawn  off.  The  oil 
layer  was  washed  twice  with  10  per  cent  sodium  bicarbonate 
solution  and  three  times  with  distilled  water  until  the  last  wash¬ 
ings  were  neutral.  In  the  past  high  results  have  been  reported 
(2)  because  of  failure  completely  to  remove  the  excess  acetic  an¬ 
hydride.  The  use  of  the  bicarbonate  washes  very  effectively 
eliminates  this  source  of  error.  Finally  the  material  was  dried 
over  anhydrous  sodium  sulfate  and  filtered. 

For  the  hydrolyses,  1.0  gram  of  the  ester  was  weighed  and  trans¬ 
ferred  to  conical  Pyrex  flasks  equipped  with  water-cooled  con¬ 
densers.  Twenty-five  milliliters  of  0.5  N  alcoholic  potassium 
hydroxide  were  added  and  the  solutions  were  brought  to  refluxing 
temperature.  Determinations  were  made  in  triplicate  and  a 
blank  was  run  with  each  set. 


Table  III.  Saponification  with  Alcoholic  Potassium 
Hydroxide 


Corre¬ 

Ester 

sponding 

Mean 

Hydrolysis 

Total 

Average 

Ester 

Ester 

Sample 

Time 

Menthol 

Menthol 

Value 

Value 

Hours 

% 

% 

99.7 

282.4 

1-Menthol 

0.5 

99.7 

99.7 

282.5 

282.4 

99.7 

282.4 

100.5 

284.2 

1-Menthol 

1.0 

100.0 

100.2 

283.1 

283.5 

100.0 

283.2 

98.4 

279.5 

d-Isomenthol 

0.5 

98.7 

98.5 

279.5 

279.8 

98.4 

280.2 

99.8 

282.5 

d-Isomenthol 

1.0 

99.9 

100.0 

282.7 

283.0 

100.4 

284.0 

68.9 

209.0 

d-Neomenthol 

1.0 

69.2 

68.8 

209.7 

208.8 

68.4 

207.8 

88.9 

257.7 

d-Neomenthol 

2.0 

88.6 

88.7 

257.1 

257.2 

88.5 

256.8 

99.9 

282.9 

d-Neomenthol 

3.5“ 

100.2 

100.2 

283.6 

283.5 

100.4 

284.0 

93.0 

267.3 

Mixture 

2.0 

92.9 

93.1 

267.1 

267.4 

93.4 

267.8 

100.2 

283.6 

Mixture 

3.5“ 

100.4 

100.3 

284.0 

283.7 

100.2 

283.6 

“  Not  complete  at  end  of  3  hours. 

The  results  are  shown  in  Table  III.  Values  are  given  in 
terms  of  total  menthol  calculated  according  to  the  usual 
formula  for  ester-free  materials  ( 3 )  and  also  in  terms  of  the 
corresponding  ester  value.  The  results  obtained  when  the 
diethylene  glycol  reagent  ( 6 )  was  used  are  shown  in  Table  IV. 

Inspection  of  Table  III  indicates  that  the  hydrolysis  of  the 
esters  of  (-menthol  and  d-isomenthol  is  practically  complete 
within  30  minutes  and  is  definitely  finished  at  the  end  of  1 
hour,  but  the  d-neoester  requires  3.5  hours  for  complete 
hydrolysis.  At  the  end  of  1  hour  only  68  per  cent  “total 
menthol”  is  obtained  for  material  that  is  really  pure  d-neo- 
menthol,  as  is  shown  by  the  result  obtained  on  the  same  ma¬ 
terial  when  hydrolysis  time  was  3.5  hours.  Low  results  were 


obtained  also  on  the  mixture  at  the  end  of  1-  and  2-hour 
periods.  Although  the  error  is  less  here  than  in  the  case  of  d- 
neomenthol,  the  time  required  for  complete  saponification  is 
essentially  the  same. 


Table  IV.  Saponification  with  Potassium  Hydroxide  in 
Diethylene  Glycol 


Corre¬ 

Ester 

sponding 

Mean 

Sample 

Hydrolysis  Total 

Average 

Ester 

Ester 

Time 

Menthol 

Menthol 

Value 

Value 

Min. 

% 

% 

98.5 

279.5 

1-Menthol 

5 

99.0 

99.0 

280.9 

280.6 

99.5 

282.1 

99.8 

282.5 

1-Menthol 

15 

100. 1 

99.9 

283.3 

283.0 

100.1 

283.3 

99.5 

282.2 

d-Isomenthol 

5 

99.1 

99.2 

281.0 

281.5 

99.2 

281.3 

100.2 

283.6 

d-Isomenthol 

15 

99.5 

99.9 

281.8 

283.0 

100.2 

283.6 

99.5 

282.1 

d-Neomenthol 

15 

99.3 

99.4 

281.6 

281.9 

99.4 

281.9 

. 

99.7 

282.5 

d-Neomenthol 

30 

99.7 

99.8 

282.5 

282.9 

100.3 

283.7 

98.4 

279.7 

Isomeric 

15 

98.5 

98.5 

279.8 

279.8 

mixture 

98.5 

279.8 

100.4 

284.0 

Isomerio 

30 

100.3 

100.2 

283.7 

283.6 

mixture 

100.0 

283.1 

By  the  use  of  the  diethylene  glycol  solution  of  potassium 
hydroxide,  all  the  hydrolysis  times  are  greatly  reduced,  and 
the  precision  of  the  results  is  equally  as  good.  Again,  the 
d-neomenthol  and  the  isomeric  mixture  require  the  longer 
time.  However,  all  the  results  indicate  the  definite  advantage 
of  using  the  diethylene  glycol  as  a  hydrolyzing  medium  instead 
of  the  usual  alcoholic  solution. 

Summary 

A  comparison  has  been  made  of  the  value  of  alcoholic  po¬ 
tassium  hydroxide  and  of  potassium  hydroxide  in  diethylene 
glycol  for  the  saponification  of  isomeric  menthyl  acetates. 
In  the  case  of  the  acetate  of  d-neomenthol  and  of  mixtures 
containing  it,  it  has  been  found  necessary  greatly  to  increase 
the  time  usually  specified  for  hydrolysis,  since  the  d-neoester 
hydrolyzes  so  much  more  slowly  than  other  menthol  esters. 

A  method  for  separating  d-neo-  and  d-isomenthol  from  an 
isomeric  mixture  of  menthols  has  also  been  described.  The 
method  of  Redemann  and  Lucas  (6)  for  rapid  hydrolysis  of 
esters  has  been  satisfactorily  applied  to  the  menthol  esters. 
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Colorimetric  Determination  of  Primary 

Mononitroparaffins 

EUGENE  W.  SCOTT  AND  JOSEPH  F.  TREON 
Kettering  Laboratory,  University  of  Cincinnati,  Cincinnati,  Ohio 


THE  recent  work  of  Hass  and  his  associates  (4)  on  the 
nitration  of  paraffins  in  the  vapor  phase  has  made  the 
mononitroparaffins  and  their  derivatives  commercially  avail¬ 
able.  In  the  course  of  studies  on  the  toxicity  of  certain  of 
these  compounds  carried  out  at  this  laboratory,  a  method  for 
the  determination  of  primary  mononitroparaffins  in  air  was 
developed,  and  was  later  modified  for  analysis  of  biological 
materials. 

The  determination  of  these  compounds  in  mixtures  with 
air  was  first  attempted  by  reduction  of  the  nitro  compound 
and  determination  of  the  amine  formed.  Air  samples  con¬ 
taining  nitroethane  were  absorbed  in  dilute  sodium  hy¬ 
droxide  and  this  solution  was  added  to  reduction  mixtures  of 
sulfuric  acid  with  iron,  tin,  and  zinc.  Quantitative  yields  of 
ethylamine  were  not  obtained  under  these  conditions,  al¬ 
though  aqueous  solutions  of  nitroethane  were  reduced,  with 
yields  of  from  95  to  97  per  cent.  It  was  observed  that  when 
one  of  the  alkaline  samples  was  added  to  an  excess  of  hydro¬ 
chloric  acid  containing  ferric  chloride,  a  pink  color  was 
formed.  This  color  reaction  was  made  the  basis  of  a  satis¬ 
factory  method  of  determining  nitroethane  and  further  ex¬ 
periments  with  reduction  methods  were  abandoned. 

The  method  adopted  consisted  of  adding  an  excess  of  hydro¬ 
chloric  acid  to  an  alkaline  solution  of  nitroethane,  this  being 
followed  immediately  by  the  addition  of  ferric  chloride. 
When  the  final  pH  was  between  1.25  and  1.30,  a  reddish 
brown  color  was  formed  which  rapidly  changed  to  deep  red. 
After  a  study  of  the  factors  which  influenced  the  intensity 
and  stability  of  the  color,  a  procedure  was  adopted  which  gave 
reproducible  results  with  amounts  as  low  as  0.5  mg.  in  25  ml. 

Reagents 

Sodium  hydroxide,  20  per  cent,  hydrochloric  acid  (concen¬ 
trated  diluted  1  to  7),  10  per  cent  ferric  chloride,  and  a  standard 
solution  of  nitroethane  containing  1  mg.  per  ml. 

Procedure 

An  aliquot  of  the  sample  containing  1  to  20  mg.  of  nitroethane 
in  1  to  15  ml.  is  neutralized  and  treated  with  1.5  ml.  of  sodium 
hydroxide  in  a  25-ml.  volumetric  flask.  After  standing  for  15 
minutes  the  solution  is  acidified  with  6.0  ml.  of  hydrochloric  acid, 
and  0.5  ml.  of  ferric  chloride  is  added  immediately.  A  standard 
solution  containing  approximately  the  same  amount  of  nitro¬ 
ethane  is  treated  similarly.  After  standing  for  15  minutes  the 
solutions  are  diluted  to  the  mark  and  compared  in  a  colorimeter 
equipped  with  a  1.58-cm.  (0.625-inch)  Wratten  filter  No.  65A  in 
B  glass  (Eastman  Kodak  Co.). 

Study  of  the  Reaction 

The  final  pH  of  this  solution  was  found  to  be  1.25  to  1.30, 
which  was  the  optimum  for  the  greatest  intensity  and  sta¬ 
bility.  Solutions  which  contained  more  acid  faded  gradu¬ 
ally,  while  those  which  had  a  higher  pH  failed  to  give  the 
change  from  the  original  brownish  red  to  a  deep  red.  The 
amount  of  acid  necessary  to  obtain  a  pH  of  1.25  to  1.30  was 
determined  each  time  fresh  solutions  of  hydrochloric  acid 
and  sodium  hydroxide  were  prepared.  With  larger  amounts 
of  nitroethane  (15  to  20  mg.)  it  was  necessary  to  use  the  indi¬ 
cated  amount  of  ferric  chloride,  but  with  very  small  quantities 
of  nitroethane  it  was  desirable  to  reduce  the  ferric  chloride 


concentration  in  order  to  lessen  its  color  interference.  The 
color  was  always  developed  at  room  temperature.  When  the 
colored  solution  was  heated  it  lost  color  rapidly.  Nitro¬ 
ethane  solutions  which  had  not  been  made  alkaline  did  not 
react  with  ferric  chloride,  and  alkaline  solutions  after  the 
addition  of  acid  lost  their  ability  to  react  if  they  were  allowed 
to  stand  for  a  short  time. 

The  evidence  points  convincingly  to  the  theory  that  only 
the  aci  form  of  the  nitro  compound  reacts  with  ferric  chloride. 
By  analogy  to  similar  structures  such  as  those  of  phenols, 
ends,  and  aliphatic  acids  which  also  give  colors  with  ferric 
chloride,  it  might  also  be  assumed  that  the  ferric  chloride 
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Concentration  (Mg.  per  25  ml.) 

Figure  2 


combines  with  the  hydroxyl  group  formed  by  the  shift  of  a 
proton  from  the  adjacent  carbon  atom  to  an  oxygen  atom  at¬ 
tached  to  the  nitrogen. 

Stable  colored  complexes  with  ferric  chloride  were  also 
formed  by  1-nitropropane  and  1-nitrobutane  and  these  colors 
were  used  to  determine  these  substances  in  the  same  manner. 
Ferric  chloride  reacted  with  2-nitropropane  and  2-nitrobutane 
to  give  colors,  but  they  faded  rapidly.  Nitromethane  did  not 
react  and  was  determined  by  means  of  the  color  which  it 
formed  with  vanillin  and  ammonia  {2,  3). 

In  the  case  of  nitroethane  the  colored  complex  was  iso¬ 
lated  in  an  impure  state  by  mixing  relatively  large  amounts 
of  nitroethane  and  ferric  chloride  and  evaporating  at  room 
temperature  in  a  vacuum  desiccator.  This  complex  could  not 
be  purified  for  analysis,  however,  because  of  its  instability. 

The  colors  given  by  the  primary  nitro  compounds  and  ferric 
chloride  were  examined  in  a  photoelectric  spectrophotometer 
and  the  absorption  curves  of  the  complexes  in  the  range  of  420 
to  690  m^u  were  obtained  by  determining  the  density  of  the 
solutions  at  10  m/i  intervals. 

The  curves  shown  in  Figure  1  were  obtained  by  plotting 
wave  lengths  against  the  molecular  extinction  coefficient, 
E  =  D/ Cl,  where  D  is  the  observed  density,  l  is  the  length  of 
the  cell  in  centimeters,  and  C  the  molar  concentration  of  the 
absorbing  material.  The  latter  value  was  assumed  to  be  the 
same  as  the  concentration  of  the  nitro  compound  used.  This 
assumption  was  sufficiently  correct  for  the  authors’  purpose — 
namely,  comparison  of  the  absorption  of  the  three  nitro  com¬ 
pounds  on  an  equivalent  basis — but  the  true  values  of  E  may 
vary  somewhat  from  these  figures. 

The  absorption  of  all  three  compounds  at  their  maxima 
was  examined  over  two  ranges  of  concentration  with  the  use 
of  a  1.25-cm.  (0.5-inch)  and  a  5-cm.  (2-inch)  cell.  When 
density  was  plotted  against  concentration  the  resultant  curves 
were  in  straight  lines,  which  indicates  that  in  these  ranges 
the  absorption  followed  the  law  of  Lambert-Beer.  The  re¬ 
sults  are  given  in  Figures  2  and  3. 


Application  of  Method 

The  method  as  given  above  was  first  used  to  determine  the 
amount  of  nitroethane  in  air  samples  taken  from  a  cage  into 
which  a  constant  stream  of  air  and  nitroethane  was  flowing. 
The  latter  was  forced  by  means  of  a  special  plunger  geared  to 
a  synchronous  motor  into  a  stream  of  air  which  vaporized  the 
nitroethane.  The  air  flow  was  measured  with  a  rotameter 
( 1 ).  The  air  samples  were  taken  from  the  cage  by  means  of 
large  evacuated  bulbs  and  the  nitroethane  was  removed  by 
shaking  the  sample  with  alkali  placed  in  a  smaller  bulb  con¬ 
nected  to  the  large  bulb  by  a  stopcock.  In  one  experiment 
in  which  a  mixture  calculated  to  contain  0.05  per  cent  of  nitro¬ 
ethane  was  used  daily  for  23  days,  the  results  obtained  on  23 
samples  taken  2  hours  after  the  start  varied  from  0.043  to 
0.055  per  cent  with  a  mean  value  of  0.0485  ±  0.0004  per  cent. 


Figure  3 


The  method  with  slight  modifications  has  also  been  applied 
to  the  determination  of  nitroethane  in  tissues  and  in  most 
instances  the  recovery  of  added  nitroethane  has  been  better 
than  95  per  cent. 

Summary 

A  simple  colorimetric  method  has  been  described  for  the 
determination  of  the  primary  mononitroparaffins  with  the 
exception  of  nitromethane.  The  absorption  curves  of  the 
colored  complexes  of  nitroethane,  1-nitropropane,  and  1- 
nitrobutane  with  ferric  chloride  in  acid  solution  have  been 
determined.  A  study  of  the  reaction  indicates  that  these 
complexes  are  formed  only  by  the  aci  forms  of  the  nitro  com¬ 
pounds. 
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Identification  of  Paraffins 

Analysis  of  Paraffinic  Mixtures  by  Means  of  Raman  Spectra 

ARISTID  V.  GROSSE,  E.  J.  ROSENBAUM,  AND  H.  F.  JACOBSON,  Universal  Oil  Products  Co.,  Riverside,  Ill., 

and  University  of  Chicago,  Chicago,  Ill. 


An  application  of  Raman  spectra  to  the  identification  and  approximately 
quantitative  analysis  of  individual  paraffins,  up  to  and  including  octanes,  in 

paraffinic  mixtures  is  described. 


IN  VIEW  of  the  recent  accomplishment  of  a  catalytic 
formation  of  paraffins  by  direct  addition  of  olefins  to  paraf¬ 
fins  using  metal  halide  [boron  fluoride  {14)  j  aluminum  chloride 
{15,  16),  etc.]  or  sulfuric  acid  {1),  etc.,  catalysts,  methods 
for  identifying  these  compounds  have  become  of  increasing 
value.  Of  practical  importance  is  the  alkylation  of  isobutane 
with  ethylene,  propylene,  or  the  butylenes  leading,  respec¬ 
tively,  to  isomeric  hexanes,  heptanes,  or  octanes.  Further¬ 
more,  the  accomplishment  of  catalytic  cyclization  of  para- 
fins  to  aromatics  {12),  as  well  as  a  number  of  other  reactions 
{11,  IS),  requires  a  knowledge  of  the  composition  of  the  initial 
paraffinic  material.  And  last,  but  not  least,  the  possibility 
of  identifying  paraffins  allows  also  determination  of  the 
carbon  skeleton  of  any  aliphatic  unsaturated  hydrocarbon 
after  its  catalytic  hydrogenation. 

The  method  herein  described  is  based  on  the  determination 
of  the  Raman  spectrum  of  a  narrow-boiling  cut.  [The  use 
of  Raman  spectra  as  an  analytical  tool  has  been  considered 
by  a  number  of  workers  including  Crigler  and  Gou  eau  (5,  7).] 
This  paper  is  limited  to  the  analysis  of  mixtures  containing 
paraffins  with  less  than  nine  carbon  atoms;  the  identification 
of  nonanes  and  higher  paraffins  will  remain  a  problem  of  the 
future,  since  less  than  half  of  the  35  possible  isomeric  nonanes 
are  known  at  present.  The  identification  of  the  Ci  to  C\ 
paraffins  is  so  simply  solved  by  methods  of  gas  analysis  and 
low-temperature  distillation  that  Raman  analysis  is  unneces¬ 
sary.  The  same  really  applies  to  the  three  pentanes,  which 
represent  a  borderline  case.  However,  they  are  included 
in  this  investigation,  together  with  the  five  possible  isomeric 
hexanes,  nine  heptanes,  and  eighteen  octanes. 

Method  of  Analysis 

The  Raman  spectra  of  the  isomeric  pentanes,  hexanes, 
heptanes,  and  octanes  are  widely  different,  as  illustrated  for 


the  hexanes  and  heptanes  in  Figures  1  and  2.  The  spectra 
of  all  possible  isomeric  pentanes,  hexanes,  and  heptanes  have 
been  measured  and  previously  described  {17,  18,  20,  21). 
The  octanes  will  be  reported  in  the  near  future. 

For  qualitative  analysis  the  method  consists  in  matching 
the  Raman  spectrum  of  a  chemically  treated  narrow-boiling 
still  cut,  prepared  as  described  below,  with  the  characteristic 
lines  of  pure  isomers.  The  lines  attributed  to  stretching 
and  bending  of  the  C— H  bonds  (around  3000  and  1450 
cm.-1,  respectively)  are  unsuited  for  this  purpose,  as  they  are 
nearly  identical  in  all  paraffins.  Figure  3  illustrates  the 
actual  procedure.  Here  the  unknown  sample  boiling  in  the 
range  of  79°  to  81°  C.  at  760  mm.  is  compared  with  the  spec¬ 
trum  of  pure  2,4-  and  2,2-dimethylpentane  (boiling  point 
80.8°  and  79.1°)  and  2,2,3-trimethylbutane  (boiling  point 
80.8°).  The  coincidence  of  all  the  intense  characteristic 
lines  in  the  spectrum  of  the  unknown  is  evidence  of  the  pres¬ 
ence  of  each  of  these  heptanes. 

The  over-all  intensity  of  the  spectra  of  the  individual  iso¬ 
mers  depends  on  their  structure:  Branched  isomers,  such  as 
2,2,4-trimethylpentane,  show  more  intense  spectra  for  equal 
lengths  of  exposure  than  linear  isomers  like  n-octane.  For 
this  reason  one  can  detect  substantially  smaller  quantities 
of  a  branched  isomer  than  of  a  straight-chain  compound. 

All  the  work  which  has  been  done  so  far  on  the  relation  be¬ 
tween  the  concentration  of  a  substance  and  the  intensity  of 
its  Raman  lines  indicates  clearly  a  direct  proportionality 
{2,  5,  7),  except  in  those  cases  where  intermolecular  forces 
play  an  important  role.  This  exception  does  not  apply  to 
mixtures  of  paraffins,  which  are  practically  perfect  solutions. 
The  question  of  quantitative  analysis  is  then  reduced  to  the 
problem  of  determining  the  relative  intensities  of  Raman 
lines.  The  most  complete  way  of  doing  this  involves  adding 
a  small  amount  of  a  good  scatterer  (such  as  carbon  tetra- 
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Figure  2.  Raman  Spectra  of  Heptanes 


chloride)  as  an  internal  standard,  microphotometering  the 
spectrum,  and  determining  the  blackening  curve  for  the  par¬ 
ticular  plate  used.  However,  these  rather  elaborate  measures 
are  rendered  largely  futile  by  the  existence  of  a  continuous 
background  to  the  spectrum.  This  continuum  is  not  un¬ 
common  and  is  frequently  very  difficult  to  clear  up.  For¬ 
tunately,  for  many  purposes  it  is  necessary  only  to  have  the 
fraction  of  each  component  in  a  sample  known  to  within  5  to 
10  per  cent.  This  degree  of  accuracy  can  be  reached  for  many 
binary  and  ternary  mixtures  by  a  simple  visual  estimate  by  a 
trained  observer,  and  all  the  analyses  quoted  in  this  paper 
were  made  in  this  way. 

Chemical  and  Physical  Preparation  of  Sample 

The  method  is  limited  to  the  Raman  analysis  of  paraf¬ 
finic  mixtures  that  are  practically  free  from  naphthenes  or 


cycloparaffins.  The  determination  of  the  latter  in  the  pres¬ 
ence  of  paraffins  and  vice  versa,  which  will  allow  the  identifica¬ 
tion  of  the  carbon  skeleton  of  any  possible  type  of  hydrocar¬ 
bons,  will  be  reserved  for  a  subsequent  publication. 

Mixtures  obtained  by  catalytic  alkylation  are  usually  free 
from  naphthenes  and  this  fact  simplifies  the  identification 
to  a  great  extent.  However,  if  naphthenes  are  suspected,  any 
doubts  may  be  dispelled  by  a  hydrogen-carbon  determination 
of  a  narrow-boiling  cut  by  means  of  an  accurate  organic 
combustion  analysis  (19).  The  hydrogen-carbon  ratio  of  all 
naphthenes  is  2.000  and  substantially  lowers  the  corresponding 
ratio  of  pentanes  (2.400),  hexanes  (2.333),  heptanes  (2.286), 
or  octanes  (2.250).  The  specific  refraction  of  the  sample  may 
also,  with  due  caution  (8),  be  used  to  check  for  naphthenes. 

The  aromatics  and  olefins  can  be  conveniently  eliminated 
by  concentrated  sulfuric  acid  treatment  or  by  sulfur  dioxide 
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Figure  3.  Illustration  of  Method  of  Analysis 

1.  Pure  2,4-dimethylpentane  3.  Pure  2,2-dimethylpentane 

2.  Unknown  sample  4.  Pure  2,2,3-dimethylbutane 
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Figure  4. 


Effect  of  Concentration  on  Raman  Line  Intensity  in  Mixtures  of  2,2,4-Trimethylpentane  and  ^-Heptane 

1.  100%  2,2,4-trimethylpentane  4.  50.2%  2,2,4-trimethylpentane 

2.  84.6%  2,2,4-trimethylpentane  5.  14.3%  2,2,4-trimethylpentane 

3".  70.5%  2,2,4-trimethylpentane  6.  100%  n-heptane 


extraction.  If  desirable,  the  olefins  may  be  selectively  hy¬ 
drogenated  to  paraffins. 

The  presence  of  about  10  per  cent  of  naphthenes  is  not 
objectionable,  in  view  of  the  small  intensity  of  their  Raman 
spectra  at  this  concentration.  Larger  concentrations  of 


Table  I. 

Sample 

No. 


D 

E 

F 

G 

H 

I 

J 

K 


Analysis  of  Synthetic  Mixtures  of  Pure 
Paraffins 


Paraffins  Present 
n-Heptane 

2,2,4-Trimethylpentane 

n-Heptane 

2,2,4-Trimethylpentane 

n-Heptane 

2,2,4-Trimethylpentane 

71-Heptane 

2,2,4-Trimethylpentane 

7i-Heptane 

2,2,4-Trimethylpentane 

2-Methylhexane 

2.3- Dimethylpentane 

2- M  ethy  lhexane 

3- Methylhexane 

2.4- Dimethylpentane 
2,2-Dimethylpentane 

2,4-Dimethylpentane 

2.2.3- Trimethylbutane 

2.3- Dimethylpentane 
3-Methylhexane 
2,2-Dimethylpentane 

2.4- Dimethylpentane 

2,2,3-Trimethylbutane 


Mole  Per  Cent 


Actual 

Found 

15.4 

20 

84.6 

80 

29.5 

25 

70.5 

75 

49.8 

60 

50.2 

40 

67.0 

60 

33.0 

40 

85.7 

85 

14.3 

15 

50.3 

50 

49.7 

50 

49.5 

55 

50.5 

45 

47.6 

50 

52.4 

50 

47.3 

50 

52.7 

50 

13.5 

10 

86.5 

90 

57.9 

70 

31.6 

25 

10.5 

5 

cyclohexanes  may  be  cut  down  by  catalytic  dehydrogenation 
to  aromatics  at  low  temperatures  (Zelinsky  s  method,  22) 
and  elimination  of  the  latter  in  the  usual  way. 

After  this  chemical  treatment  the  sample  is  subjected  to 
fractionation.  The  greater  the  precision  of  fractionation,  the 
easier  the  identification  of  a  paraffin  and  the  greater  its  reli¬ 
ability.  The  authors  have  found  the  100-plate  Bruun  (8,  4) 
column  particularly  useful  in  this  respect.  Usually  two  paraf¬ 
fins  are  present  in  narrow  cuts  of  1°  to  2°  range,  rarely  three 
and  often  only  one. 

The  sample  is  distilled  into  a  Raman  tube  of  20-  to  7-cc. 
capacity  by  means  of  an  all-glass  fractionation  outfit  and 
sealed  while  being  cooled  in  solid  carbon  dioxide.  The  ap¬ 
paratus  must  be  thoroughly  clean,  and  careful  distillation  is 
important  to  avoid  contamination  by  fluorescent  impurities. 

Such  physical  constants  as  boiling  points,  densities,  and 
indices  of  refraction  recently  tabulated  ( 6 ,  9)  should  always  be 
used  first  to  narrow  down  the  possible  constituents  and 
secondly  to  check  the  result  of  spectroscopic  analysis.  It 
cannot  be  sufficiently  stressed,  however,  that  these  physical 
constants  alone  do  not  permit  a  reliable  identification:  The 
properties  of  isomers  do  not  differ  very  much  from  one  another 
and  because  of  their  large  number,  one  can,  by  picking  two 
or  three  isomers  in  proper  concentration,  make  them  fit  any 


— 

Table  II.  Data  on  Alkylation  Reaction 


No.  of  Analysis 

Boiling  Range 
of  Sample 
at  750  Mm. 

0  C. 

Paraffin 

Olefin 

Catalyst 

12 

15 

118 

35,  36 

40 

37,  49,  50 

94 

96 

56.0-57.0 

59-60 

59-60.5 

79.0-81.0 

85.0-86.3 

95.0-97.0 

75.7-79.0 

83.5-85.5 

Iso-CiHio 

ISO-C4H10 

ISO-C4H10 

I30-C4H10 

I8O-C4H10 

I8O-C4H10 

ISO-C4H10 

I8O-C4H10 

C2H4 

C2H4 

C2H4 

CaHe 

CaHe 

CaHe 

CaHe 

CaHe 

Aids,  HC1 
BF3,  H2O 
Solid  H3PO4 
BF3,  HF 

BF3,  HF 

BF3,  HF 

HF,  100% 
HF,  100% 

99 

83.5-85.5 

I8O-C4H10 

C3H6 

A1CU,  HC1 

112 

108.5-110.0 

ISO-C4H10 

71-C4H8 

A1CU,  HC1 

113 

70,  71,  72 

73 

106 

113.0-114.0 

98.0-99.0 

98.0-99.0 

79.5-81.0 

I8O-C4H1® 

ISO-C4H10 

I8O-C4H10 

Iso-CbHw 

71-C4H8 

n-C4H8 

L30-C4H8 

CaHe 

AlCh,  HC1 
HF,  100% 
HF,  100% 
HF,  100% 

107 

108 

109 

76 

78 

89.0-90.0 

108.0-110 

115.0-116.0 

89.0-90.0 

58.0-60.0 

Iso-CbHw 

Iso-CbHw 

Iso-CbHw 

Iso-CbHw 

Iso-CbHw 

CaHe 

CaHe 

CaHe 

TI-C4H8 

71-C4H8 

HF,  100% 
HF,  100% 
HF,  100% 
H2SO4,  98% 
H2SO1,  98% 

Temperature  ...  , 

of  Reaction  Paraffins  Identified 

°  C. 

+  30  100%  2,3-dimethylbutane 

+30  90%  2,3-dimethylbutane;  10%  2-methylpentane 

400  2-Methylpentane 

0  100%  2,4-dimethylpentane 

0  100%  2,3-dimethylpentane 

0  100%  2,2,4-trimethylpentane 

+30  100%  2,4-dimethylpentane 

+  30  45%  2,4-dimethylpentane;  55%  2,3-dimethyl- 

pentane  „  ,  , 

-30  50%  2,4-dimethylpentane;  50%  2,3-dimethyl- 

pentane 

-30  65%  2,5-dimethylhexane;  15%  2,2,3-tnmethyl- 

pentane 

5%  2,2,4-trimethylpentane 
—  30  Mainly  2,3,4-trimethylpentane 

+30  100%  2,2,4-trimethylpentane 

+  30  100%  2,2,4-trimethylpentane  . 

+30  95%  2,4-dimethylpentane;  5%  2,2,3-tnmethyl- 

butane 

+  30  100%  2,3-dimethylpentane 

+30  Nearly  pure  2,5-dimethylhexane 

+30  100%  2,3-dimethylhexane 

+30  60%  2,3-dimethylpentane;  40%  2-methylhexane 

+30  50%  2,3-dimethylbutane;  50%  2-methylpentane 
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observed  data.  Traces  of  naphthenes  may  often  influence 
the  physical  constants  of  an  assumed  100  per  cent  paraffin 
mixture  to  a  remarkably  discouraging  extent. 

The  authors  have  convinced  themselves  of  the  fallacy  of  the 
“identification  by  physical  constants”  in  a  number  of  cases, 
with  both  their  own  and  outside  samples.  Whereas  physical 
constants  may  definitely  identify  compounds  of  substantially 
different  physical  properties  in  simple  mixtures,  they  are  not 
characteristic  enough  for  mixtures  of  compounds  with  similar 
properties. 

Analysis  of  Fractions  of  Known  Composition 

The  results  of  the  qualitative  and  approximately  quanti¬ 
tative  analysis  of  synthetic  mixtures,  unknown  to  the  analyst, 
are  given  in  Table  I. 

The  effect  of  concentration  of  a  high-scattering  (2,2,4- 
trimethylpentane)  in  a  low-scattering  hydrocarbon  (n-hep- 
tane)  and  the  regular  increase  in  line  intensity  can  be  seen  in 
Figure  4,  illustrating  the  spectra  of  some  of  the  mixtures 
listed Jn  Table  I. 

Analysis  of  Unknown  Fractions 

The  following  hexanes,  heptanes,  and  octanes  have  been 
identified  to  date  in  the  products  of  catalytic  alkylation  of 
isobutane  or  isopentane  with,  respectively,  ethylene,  propyl¬ 
ene,  and  the  butylenes. 

Hexanes.  2,3-Dimethylbutane,  2-methylpentane,  and  3- 
methylpentane 

Heptanes.  2,3-Dimethylpentane,  2-methylhexane,  2,4-di- 
methylpentane,  2,2-dimethylpentane,  and  2,2,3- 
trimethylbutane 

Octanes.  2,3-Dimethylhexane,  2,5-dimethylhexane,  2,2,4-tri- 
methylpentane,  2,2,3-trimethylpentane,  and  2,3,4- 
trimethylpentane 

In  the  case  of  hexanes  the  Raman  results  were  found  to  be 
in  perfect  agreement  with  chemical  identification  by  means  of 
bromo  and  nitro  derivatives  {10).  Typical  examples  of  analy¬ 
ses  of  different  cuts,  obtained  by  alkylation  of  a  specified 
paraffin  and  olefin,  are  given  in  Table  II.  The  catalysts  and 
temperatures  used  are  also  indicated. 


The  theoretical  discussion  of  these  identifications  from  the 
standpoint  of  the  alkylation  reaction  will  be  reserved  for  a 
joint  publication  of  A.  V.  Grosse  with  H.  Pines  and  V.  N. 
Ipatieff. 

Literature  Cited 

(1)  Birch,  S.  F.,  Dunstan,  A.  E.,  Fidler,  F.  A.,  Pim,  F.  B„  and 

Tait,  T.,  ./.  Inst.  Petroleum  Tech..  24,  303-20  (1938). 

(2)  Birckenbach  and  Goubeau,  Ber.,  65,  1140  (1932). 

(3)  Bruun,  J.  H.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  224  (1936). 

(4)  Bruun,  J.  H.,  and  Faulconer,  W.  B.  M.,  Ibid.,  9,  192  (1937). 

(5)  Crigler,  J.  Am.  Chem.  Soc.,  54,  4207  (1932). 

(6)  Egloff,  Gustav,  “Physical  Constants  of  Hydrocarbons.  Vol.  I. 

Paraffins,  Olefins,  Acetylenes,  and  Other  Aliphatic  Hydro¬ 
carbons”,  American  Chemical  Society  Monograph  No.  78, 
New  York,  Reinhold  Publishing  Corp.,  1939. 

(7)  Goubeau,  Z.  anal.  Chem.,  105,  161  (1936). 

(8)  Grosse,  A.  V.,  Refiner  Natural  Gasoline  Mfr.,  18,  No.  4,  149 

(1939). 

(9)  Grosse,  A.  V.,  and  Egloff,  Gustav,  Universal  Oil  Products  Co., 

Booklet  219  (1938). 

(10)  Grosse,  A.  V.,  and  Ipatieff,  V.  N.,  “Alkylation  of  Paraffins  with 

Olefins.  Identification  of  Paraffins  Formed”,  papers  pre¬ 
sented  before  Petroleum  Division,  American  Chemical  So¬ 
ciety,  Rochester  meeting,  pp.  1-12,  1937. 

(11)  Grosse,  A.  V.,  and  Ipatieff,  V.  N.,  J.  Am.  Chem.  Soc.,  57,  2415 

(1935). 

(12)  Grosse,  A.  V.,  Morrell,  J.  C.,  and  Mattox,  W.  J.,  Ind.  Eng. 

Chem.,  32,  528-31  (1940). 

(13)  Ipatieff,  V.  N.,  and  Grosse,  A.  V.,  Ibid.,  28,  461  (1936). 

(14)  Ipatieff,  V.  N.,  and  Grosse,  A.  V.,  J.  Am.  Chem.  Soc.,  57,  1616 

(1935). 

(15)  Ipatieff,  V.  N.,  and  Grosse,  A.  V.,  J.  Gen.  Chem.  (U.  S.  S.  R.), 

6,  423  (1936). 

(16)  Ipatieff,  V.  N.,  Grosse,  A.  V.,  Pines,  H.,  and  Komarewsky, 

V.  I.,  J.  Am.  Chem.  Soc.,  58,  913  (1936). 

(17)  Kohlrausch  and  Koppl,  Z.  phys.  Chem.,  B26,  209  (1934). 

(18)  Kohlrausch,  Kopper,  and  Seka,  Monatsh.,  61,  397  (1932). 

(19)  Mair,  B.  J.,  and  Schicktanz,  S.  T.,  Ind.  Eng.  Chem.,  28,  1450 

(1936). 

(20)  Rank  and  Bordner,  J.  Chem.  Phys.,  3,  248  (1935). 

(21)  Rosenbaum,  E.  J.,  Grosse,  A.  V.,  and  Jacobson,  H.  F.,  J.  Am. 

Chem.  Soc.,  61,  689  (1939). 

(22)  Zelinsky,  N„  Ber.,  44,  3121  (1911). 

Presented  in  part  before  the  Division  of  Petroleum  Chemistry  at  the  94th 
and  96th  Meetings  of  the  American  Chemical  Society,  Rochester,  N.  Y.,  and 
Milwaukee,  Wis.  Contribution  from  the  Research  Laboratories  of  the 
Universal  Oil  Products  Company  and  the  George  Herbert  Jones  Chemical 
Laboratory  of  the  University  of  Chicago. 


Accelerated  Sublimation 

A.  J.  BAILEY,  University  of  Washington,  Seattle,  Wash. 

FEW  methods  of  purifying  organic  compounds  are  more 
troublesome  than  the  sublimation  of  a  large  quantity  of 
material  by  means  of  a  funnel  and  watch  glass. 

Instead  of  this,  a  simple  combination  of  common  apparatus 
may  be  used,  which  raises  the  rate  of  sublimation  until  it 
compares  with  the  usual  rate  of  distillation,  without  incon¬ 
venience  or  elaborate  equipment.  The  sublimation  is  aided 
by  passing  in  cool  air,  which  condenses  and  removes  the  solid, 
and  deposits  it  in  another  part  of  the  system.  Use  of  this 
principle  is  not  new,  but  the  equipment  previously  recom¬ 
mended  is  so  elaborate  and  rare  that  none  of  the  scientific 
supply  houses  lists  it. 

The  system  includes  a  flask  with  a  side  tube  sealed  to  the 
bulb  or  lower  part  of  the  neck,  and  a  plain  distilling  head  with  a 
reduced  end.  The  material  to  be  sublimed  is  placed  in  the  flask, 
the  distilling  head  with  a  plug  of  cotton  in  the  upper  end  is  at¬ 
tached,  and  the  assembly  is  mounted  at  about  a  45°  angle  as 
shown  in  the  photograph.  In  practice,  a  60-cm.  (24-inch)  distill¬ 
ing  head  is  used  and  the  cotton  plug  is  pushed  down  below  the 
side  tube.  The  flask  is  then  heated  to  the  usual  sublimation  tem- 
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perature  and  a  stream  of  air  passed  in,  either  by  pressure  on  the 
flask  side  tube  or  by  suction  at  the  upper  end  of  the  distilling 
head.  The  cool  air  condenses  the  solid  and  carries  it  to  the  dis¬ 
tilling  head,  where  it  is  filtered  off  by  the  cotton  plug. 

Beta-naphthol,  which  has  a  vapor  pressure  of  approxi¬ 
mately  3  mm.  at  its  melting  point  (122°  C.),  in  this  device 
sublimed  at  a  rate  of  almost  1  gram  per  minute.  The  tempera¬ 
ture  was  maintained  above  the  melting  point,  but  enough  cool 


air  was  admitted  to  keep  the  deposited  solid  from  melting. 
The  beta-naphthol  was  deposited  in  pure  condition  and  was 
easily  dislodged  from  the  tube.  Compared  with  ordinary 
sublimation  or  atmospheric  or  vacuum  distillation,  with  the 
splattering  and  solidification  in  the  condenser  tube  and  the 
neck  and  sides  of  the  flask,  the  method  is  more  rapid  and  con¬ 
venient,  achieves  purity,  and  avoids  complicated  apparatus 
and  troublesome  operation. 


Quantitative  Spectrochemical  Analysis  by 
Measurement  of  Relative  Intensities 

E.  K.  JAYCOX  AIVD  A.  E.  RUEHLE 
Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


A  method  is  described  which  combines 
flexibility  of  application  with  the  improved 
precision  resulting  from  modern  methods 
of  photometry.  Applications  have  been 
made  to  samples  in  which  the  main  com¬ 
ponent  is  lead,  aluminum,  iron,  copper, 
nickel,  and  the  alkaline  earth  oxides,  re¬ 
spectively,  with  an  average  precision  of 
50  to  100  parts  per  thousand  of  element 
determined. 

THE  rapid  extension  of  the  application  of  the  spectro¬ 
graph  to  chemical  analysis  in  recent  years  may  be 
traced  to  improved  methods  of  reproducing  excitation  con¬ 
ditions  and  improved  methods  of  photometry.  In  earlier 
work  the  condensed  spark  between  electrodes  made  from 
the  sample  itself  was  the  principal  method  of  excitation  used. 
The  main  drawbacks  of  this  method  are  relatively  low  spec¬ 
tral  sensitivity  and  uncertainty  in  exciting  representative 
portions  of  samples  and  standards.  Both  of  these  difficulties 
were  circumvented  by  Nitchie  ( 6 )  who  used  arc  excitation  of 
dried  solutions.  Not  only  are  most  metals  more  sensitive 
in  the  arc,  but  it  is  much  more  convenient  to  make  up  reliable 
synthetic  standards  in  solution  form. 

Nitchie’s  method  is  widely  used  today,  but  its  precision  is 
limited  by  the  inherent  lack  of  reproducibility  of  the  arc, 
which  is  subject  to  “wandering”  and  current  fluctuations. 
Nitchie  and  Standen  (7)  applied  Gerlach’s  (4)  internal  stand¬ 
ard  method  in  an  attempt  to  eliminate  the  effect  of  such 
variations.  This  particular  application  involves  two  as¬ 
sumptions:  (1)  that  any  variability  in  the  arc  will  affect 
the  excitation  of  the  test  element  and  the  reference  element 
in  exactly  the  same  manner;  (2)  that  the  difference  in  den¬ 
sities  of  two  fines  on  the  plate  is  proportional  to  the  logarithm 
of  the  ratio  of  the  intensities  of  these  lines  in  the  source. 
Experience  indicates  that  the  first  assumption  is  reasonably 
justifiable  in  many  cases.  In  some  cases,  however,  a  change 
in  conditions  will  materially  change  the  relative  intensities  of 
a  pair  of  fines.  For  this  reason  the  internal  standard  method 
must  not  be  applied  indiscriminately,  but  the  fundamental 
assumption  must  be  justified  in  each  case. 

The  second  assumption  is  also  a  potential  source  of  trouble, 
since  it  holds  only  for  the  straight-line  portion  of  the  charac¬ 
teristic  curve  of  the  plate.  For  this  reason  one  must  either 


use  a  given  fine  pair  only  at  or  near  the  concentration  of  test 
element  giving  equal  intensity  for  both  fines  (method  of 
homologous  pairs)  or  else  one  must  correct  for  any  deviations 
from  the  straight-line  portion  of  the  characteristic  curve 
through  a  calibration  of  each  plate.  The  equal  density 
method  is  widely  used  abroad  (f,  4,  10),  while  the  practice 
of  plate  calibration  has  gained  in  favor  with  American 
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Figure  1.  Typical  Calibration  and  Working  Curves  for 

Tin  in  Lead 
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Table  I.  Precision  Data  for  Tin  in  Lead 


(Sn  2863.3/Pb  2657.1) 


Aliquot 

Tin  Added 

Tin  Found 

Deviation 

Deviation 

% 

1 

0.047 

0.051 

+0.004 

8.5 

2 

0.047 

0.046 

-0.001 

2.1 

3 

0.047 

0.049 

+0.003 

6.3 

4 

0.047 

0.048 

+0.002 

4.2 

5 

0.047 

0.046 

-0.001 

2.1 

6 

0.0096 

0.0102 

+0.0006 

5.9 

7 

0.0096 

0.0093 

-0.0003 

3.0 

8 

0.0096 

0.0093 

-0.0003 

3.0 

9 

0.0096 

0.0101 

+0.0005 

4.9 

10 

0.0096 

0.0094 

-0.0002 

2.0 

Av.  ±4.2 

On  the  processed  and  dried  plate  measure  the  densities  of 
suitable  lines  of  B,  m,  n,  o,  etc.,  and  of  each  step  of  the  same  line 
of  B  in  the  step  spectrogram.  Plot  the  density  of  each  step 
against  step  numbers  (log  relative  exposure  to  the  base  equal 
to  the  aperture  ratio).  From  this  curve  and  the  measured 
densities  of  the  chosen  line  pairs  in  the  standards  construct  a 
working  curve  of  log  concentration  vs.  difference  in  log  relative 
exposure  (Figure  1).  Using  the  same  curves  and  the  measured 
densities  of  corresponding  line  pairs  in  the  samples,  read  off  the 
concentrations  of  m ,  n,  o,  etc.  In  general  the  calibration  curves 
will  vary  from  plate  to  plate  but  the  working  curves  will  be  the 
same  or  at  worst  slightly  displaced  but  parallel. 


Table  II.  Representative  Applications 
Base  Im-  Impurity  Reference 


Material 

purity 

Range 

Source 

Line 

Line 

Precision® 

P.  p.  1000 

Pb 

Ag 

0.001-0.03 

Solution  d.c.  or  a.o.  arc,  radial 

sector 

Ag 

3280.7 

Pb 

3220.5 

±  67 

Pb 

Bi 

0.001-0.3 

Solution  d.e.  arc 

Bi 

3067.7 

Pb 

2657. 1 

±  70 

Pb 

Cu 

0.001-0.3 

Solution  d.c.  or  a.c.  arc,  radial 

sector 

Cu 

3274.0 

Pb 

3220.5 

±  85 

Pb 

Fe 

0.001-0.3 

Solution  d.c.  arc 

Fe 

2719.0 

Pb 

2657.1 

±  70 

Pb 

Sb 

0.001-0.3 

Solution  d.c.  arc 

Sb 

2598.1 

Pb 

2657.1 

±  70 

Pb 

Sn 

0.001-0.3 

Solution  d.c.  or  a.c.  arc 

Sn 

2863.3 

Pb 

2657.1 

±  42 

Pb 

Zn 

0.001-0.3 

Dry  nitrate  d.c.  arc 

Zn 

4810.5 

Pb 

5005.4 

±  80 

A1 

Cu 

0.001-1 

Dry  nitrate  +  carbon 

dust  + 

HNOa,  d.c.  arc 

Cu 

3274.0 

A1 

3050.1 

±100 

A1 

Fe 

0.001-1 

Dry  nitrate  +  oarbon 

dust  + 

HNO3,  d.c.  arc 

Fe 

2719.0 

A1 

3050.1 

±100 

A1 

Mn 

0.001-1 

Dry  nitrate  +  carbon 

dust  + 

HNOa,  d.c.  arc 

Mn 

2798.3 

AI 

3050.1 

±100 

A1 

Pb 

0.001-1 

Dry  nitrate  +  carbon 

dust  + 

HNOa,  d.c.  arc 

Pb 

2833.1 

A1 

3050.1 

±100 

A1 

Sn 

0.001-1 

Dry  nitrate  +  carbon 

dust  + 

HNO3,  d.c.  arc 

Sn 

2840.0 

Al 

3050.1 

±100 

A1 

Zn 

0.02-1 

Dry  nitrate  +  carbon 

dust  + 

HNOs,  d.c.  arc 

Zn 

3345.0 

Al 

3050.1 

±100 

Fe 

A1 

0.003-1.0 

Chloride  soln.  a.c.  arc 

A1 

3082.2 

Fe 

3298.1 

±100 

Fe 

Mg 

0.003-1.0 

Chloride  soln.  a.o.  aro 

Mg 

2802.7 

Fe 

3298.1 

±100 

Fe 

Ca 

0. 1-1.0 

Chloride  soln.  a.o.  aro 

Ca 

3158.9 

Fe 

3298.1 

±100 

Fe 

Cu 

0.001-1.0 

Chloride  soln.  a.c.  arc 

Cu 

3274.0 

Fe 

3298.1 

±  80 

Fe 

Co 

0.01-1.0 

Chloride  soln.  a.c.  aro 

Co 

3044 . 0 

Fe 

3298.1 

±  80 

Fe 

Cr 

0.01-1.0 

Chloride  soln.  a.c.  aro 

Cr 

4254.3 

Fe 

3298.1 

±  80 

Fe 

Mn 

0.001-1.0 

Chloride  soln.  a.c.  aro 

Mn 

4030.8 

Fe 

3298.1 

±  80 

Fe 

Ni 

0.01-1.0 

Chloride  soln.  a.c.  arc 

Ni 

3493.0 

Fe 

3298.1 

±  80 

Fe 

Si 

0.003-0. 1 

Chloride  soln.  a.c.  aro 

Si 

2881.6 

Fe 

3298.1 

±  80 

Cu 

Pb 

0.001-1.0 

Nitrate  soln.  d.o.  arc 

Pb 

2833.1 

Cu 

2768.9 

±  65 

Cu 

T1 

0.05-1.0 

Nitrate  soln.  d.c.  aro 

T1 

2767.9 

Cu 

2768.9 

±  65 

Ni 

Ba 

0.003-1.0 

Nitrate  soln.  d.o.  arc 

Ba 

6141.7 

Ni 

6176.8 

±  80 

Ni 

Mg 

0.003-1.0 

Nitrate  soln.  d.c.  arc 

Mg 

2779.9 

Ni 

2770.2 

±  67 

BaO-SrO 

Sr/Bat 

0.11-9.0 

Soln.  on  Cu  d.o.  aro 

Sr  ' 

/ 4077.7 
(4607.3 

Ba 

4554.0 

±  75 

®  Precision  listed  represents  average  deviation  from  mean  of  six  or  more  independent  determinations.  Where 
samples  were  of  known  composition,  average  deviation  from  true  value  was  no  greater  than  this  figure. 
i>  Ratio  of  major  components. 


analysts  since  the  work  of  Duffendack  (8)  emphasized  its 
importance.  The  authors  have  applied  the  modified  method 
described  below  to  a  variety  of  cases  with  uniform  success. 
It  combines  flexibility  of  application,  convenience,  and  speed 
with  a  degree  of  precision  satisfactory  for  most  work. 

Apparatus 

Suitable  apparatus  for  application  of  this  method  consists  of 
a  large  spectrograph  and  its  usual  accessories,  a  step  sector 
(Bausch  &  Lomb,  ratio  1.5,  is  suitable),  a  rotating  electrode 
assembly  (2),  a  densitometer  (modified  Moll  in  this  case),  and 
Eastman  process  plates. 

Experimental  Method 

Dissolve  the  sample  in  an  acid  or  mixture  of  acids  suitable 
to  hold  all  known  components  in  solution.  Prepare  a  solution 
of  pure  base  metal,  B,  in  the  same  concentration  as  the  sample. 
Add  known  amounts  of  impurities  m,  n,  o,  etc.,  to  a  portion  of 
the  base  solution.  Dilute  portions  of  this  highest  standard  with 
more  base  solution  to  give  a  graded  series  of  standard  solutions. 
Add  aliquot  portions  (0.1  cc.)  of  each  standard  and  sample  to 
graphite  electrodes  which  have  previously  been  shaped,  puri¬ 
fied  ( 8 ,  11)  (if  necessary),  cups  coated  with  collodion,  and  pre¬ 
heated  to  100°  C.  Continue  heating  on  an  aluminum  block 
until  dry.  Arc  at  suitable  current  [direct  or  alternating  cur¬ 
rent  (£?)]  while  rotating  the  lower  electrode  at  600  r.  p.  m.  {2). 
Focus  the  image  of  the  source  on  the  collimator  or  beyond  (light 
approximately  parallel).  After  arcing  each  standard  and 
sample  and  recording  their  spectra  on  a  suitable  plate,  take  an 
additional  spectrum  of  the  highest  standard  through  a  step 
sector,  using  a  slightly  longer  exposure. 


It  will  be  seen  from  the  data  in  Tables  I  and  II  that  the 
high  precision  claimed  by  some  investigators  for  similar 
methods  has  not  been  attained  in  the  present  work.  While 
a  higher  degree  of  precision  may  be  expected  by  intensive 
study  of  any  given  application,  the  authors’  experience  in¬ 
dicates  that  for  run-of-the-mill  samples  a  precision  of  =*=50 
parts  per  thousand  is  about  the  best  to  be  expected  with  arc 
excitation.  This  is  satisfactory  for  many  purposes  and  is 
approximately  twice  as  good  as  the  precision  attainable  by 
the  comparison  standard  method  with  the  same  preparation 
and  excitation  of  the  samples  studied  (5). 
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Comparing  the  Relative  Effectiveness  of  Water- 
Repelling  and  Retarding  Solutions  in  Wood 

A  Laboratory  Method 

ERNEST  E.  HUBERT,  Western  Pine  Association,  Portland,  Ore. 


The  method  described  in  this  article  is  a  correla¬ 
tion  of  the  laboratory  technique  developed  by  the 
following  members  of  the  Preservative  Standards 
Advisory  Committee  of  the  National  Door  Manu¬ 
facturers  Association  and  was  prepared  for  publi¬ 
cation  by  the  chairman:  S.  O.  Hall,  National  Door 
Manufacturers  Association;  Geo.  M.  Hunt,  Roy 
H.  Baechler,  C.  Audrey  Richards,  and  Theo.  C. 
Scheffer,  Forest  Products  Laboratory;  Ira  Hat¬ 
field,  Monsanto  Chemical  Co.;  Dale  Chapman, 
A.  D.  Chapman  and  Co.,  Inc.;  Gardner  Garlick 
and  William  Bradley,  Protection  Products  Manu¬ 
facturing  Co.;  J.  B.  Mellecker,  Curtis  Companies, 
Inc.;  D.  K.  Hallman,  Dow  Chemical  Co.;  F.  H. 
Kaufert,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.; 
J.  O.  Frank,  Morgan  Co.;  Henry  Schmitz,  Uni¬ 
versity  of  Minnesota;  and  Ernest  E.  Hubert, 
Western  Pine  Association,  chairman. 


THE  increasing  demand  by  the  woodworking  industry  for 
water-repellent  or  retardant  solutions,  which  are  to  some 
extent  effective  in  shedding  water  and  in  retarding  the  rate 
at  which  moisture  is  absorbed  by  the  wood,  has  presented  a 
new  problem  to  the  technical  workers  who  are  engaged  in  the 
testing  of  such  solutions.  As  soon  as  attempts  were  made 
by  individual  testing  laboratories  to  evaluate  the  relative 
effectiveness  of  proprietary  water-repellent  solutions  it  was 
found  that  no  standard  or  near-standard  method  of  testing 
was  available.  This  situation  was  called  to  the  attention  of 
the  N.  D.  M.  A.  Advisory  Committee  ( 1 )  in  1938,  and  at  the 
meeting  of  this  Committee  at  Madison,  Wis.,  on  May  16 
and  17,  1939,  a  tentative  laboratory  method  of  testing  the 
relative  effectiveness  of  water-repelling  and  retarding  solu¬ 
tions  was  agreed  upon.  This  method,  like  the  one  used  in 
testing  the  toxicity  of  preservatives  in  wood,  represents  the 
more  desirable  steps  in  technique  taken  from  the  methods 
developed  and  used  during  the  past  12  months  by  individual 
members  of  the  committee.  It  was  recognized  at  the  Madison 
meeting  that  water-repellent  solutions  do  not  make  wood 
immune  to  moisture  and  dimension  changes  and  that  they  do 
not  protect  wood  appreciably  when  exposed  continuously 
for  several  weeks  or  months  to  liquid  water  or  to  high  humidi¬ 
ties.  That  they  have  some  protective  value  under  certain 
conditions  was  readily  admitted  and  it  was  agreed  that  a 
start  should  be  made  in  evaluating  them  for  use  on  millwork 
products.  While  the  committee  was  unable  to  reach  com¬ 
plete  agreement  as  to  the  degree  of  effectiveness  required  in 
an  acceptable  water-repelling  or  retarding  treatment,  it  came 
as  near  to  an  understanding  of  the  problem  as  present  knowl¬ 
edge  on  the  subject  permitted. 

As  research  and  experience  add  new  data  on  the  subject 
and  comparisons  are  made  with  the  results  obtained  by  in¬ 
dividual  workers  all  using  the  same  laboratory  method  of 
testing,  a  better  basis  for  evaluating  water  repellents  may  be 
developed.  Meanwhile  the  approved  method  is  submitted 
for  trial  and  improvement. 

Tentative  Method 

1.  Test  Pieces.  Select  pieces  6  feet  (2  meters)  or  longer, 
surfaced  on  four  sides,  of  kiln-dried,  flat-grain  Ponderosa  pine 


sapwood  of  even  texture,  free  of  blemishes  and  defects,  and  from 
them  cut  test  pieces  0.625-inch  (1.6  cm.)  thick,  4  inches  (10.16 
cm.)  wide,  and  8  inches  (20.32  cm.)  long,  with  the  flat  grain  in 
the  4-inch  (10-cm.)  face  and  these  two  faces  sanded.  The 
longitudinal  grain  should  follow  and  parallel  the  long  axis  of  each 
piece.  The  test  piece  and  its  control  piece  should  be  taken  ad¬ 
jacent  to  each  other  end  to  end  and  from  the  same  board  to 
eliminate  certain  variables.  The  range  in  specific  gravity  of  the 
test  pieces  shall  be  within  0.35  to  0.40  and  the  difference  in  weight 
between  any  two  matched  test  pieces  shall  be  within  5  per  cent. 

2.  Conditioning  of  Pieces.  Place  the  numbered  treated  and 
control  pieces  in  a  conditioning  chamber  regulated  to  maintain 
12  =*=  0.5  per  cent  moisture  content  in  the  wood  at  26.7°  C. 
(80°  F.)  when  constant  weight  is  reached.  Weigh  each  piece 
and  record  as  A.  Weights  in  all  cases  shall  be  within  0.1  gram. 

3.  Tkeatment.  After  weighing,  submerge  the  test  pieces 
vertically,  the  0.625  X  8  inch  (1.6  X  20.32  cm.)  face  parallel  to 
the  bottom  of  the  container,  and  the  upper  face  3  inches  (7.5  cm.) 
below  the  surface  of  the  water-repellent  mixture,  prepared  ac¬ 
cording  to  the  manufacturer’s  direction,  at  26.7°  C.  (80°  F.)  for 
3  minutes.  Weigh  soon  after  draining  and  record  weight  as  B. 

4.  Reconditioning.  After  exposing  to  the  air  for  30  days, 
place  the  test  pieces,  including  4  untreated  reference  pieces,  in 
conditioning  chamber  as  in  Item  2  until  constant  weight  is 
reached.  When  conditioned,  measure  to  third  decimal  place 
across  tangential  or  flat-grain  face  and  record  as  C.  Weigh  and 
record  as  D.  Weigh  the  reference  pieces,  then  oven-dry  at  102°  C. 
and  record  weight.  Compute  the  average  moisture  content 
per  cent. 

5.  Tests.  Use  10  treated  and  10  untreated  pieces  matched 
in  pairs  as  indicated  in  Item  1. 

a.  Expose  them  to  97  to  98  per  cent  relative  humidity  at  26. 7  C. 
(80°  F.).  Measure  across  tangential  face  and  weigh  after  0,  4, 
8,  and  24  hours  and  at  24-hour  intervals  for  7  or  more  days.  Re¬ 
cord  measurements  as  F,  and  record  weights  as  G. 

b.  Using  a  second  set  of  conditioned  pieces,  submerge  them 
with  the  0.625  X  4  inch  faces  parallel  to  the  bottom  of  the  con¬ 
tainer  in  a  constant-temperature  (26.7°  C.)  water  bath,  the 
upper  0.625-inch  faces  exactly  1  inch  (2.54  cm.)  below  the  water 
surface.  Measure  and  weigh  at  intervals  as  in  a.  Record 
measurements  as  F  and  weights  as  G. 

Make  all  measurements  at  the  mid-point  of  the  8-inch  (20.32- 
cm.)  dimension  and  along  the  4-inch  (10.16-cm.)  dimension. 
Record  the  average  of  two  measurements  when  using  calipers  and 
a  single  measurement  when  using  a  dial  gage  board.  Before  each 
weighing,  wipe  the  test  piece  clean  of  surface  moisture.  Place 
the  test  pieces  in  the  same  position  each  time  they  are  measured. 

6.  Computations. 

B  —  A  =  amount  of  water-repellent  absorbed 

£)  —  A  =  amount  of  water-repellent  retained  after  conditioning 

F  —  C  =  Increase  in  width  due  to  swelling  during  test 

S  _  Si 

A -  x  100  =  %  effectiveness  in  retarding  swelling 

Si 

G  —  D  =  TV,  amount  of  water  absorbed  during  test 

Wi  —  Wi  ^  1Q0  _  %  effectiveness  in  retarding  water  absorption 
Wi 

Sj  Wi  =  control  pieces 

S;,  TV  2  =  treated  pieces 

Since  the  effectiveness  of  the  above  tests  depends  to  a  con¬ 
siderable  extent  upon  the  wood  test  pieces  selected  for  use, 
it  is  important  that  these  pieces  should  contain  no  heartwood. 
In  selecting  the  sapwood  material  the  color  indicator  de¬ 
scribed  in  the  article  presenting  a  method  for  testing  toxicity 
of  wood  preservatives  should  be  used  (1). 

Literature  Cited 

(1)  Hubert,  E.  E.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  139-41  (1940). 
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Determination  of  Organic  Phosphorus  in  Soils 

R.  W.  PEARSON,  Iowa  State  College,  Ames,  Iowa 


A  procedure  for  the  determination  of  organic 
phosphorus  in  soils  is  described  in  which  the  or¬ 
ganic  compounds  of  phosphorus  are  removed  from 
the  soil  by  acid  extraction  followed  by  digestion  in 
dilute  ammonium  hydroxide.  Organic  phosphorus 
is  found  by  difference  between  inorganic  and  total 
phosphorus  in  the  extracts.  The  effects  of  different 
factors  on  the  amounts  of  organic  phosphorus  ex¬ 
tracted  are  reported  and  comparisons  are  made 
with  results  obtained  by  the  use  of  two  other  pro¬ 
cedures.  Recovery  of  added  organic  phosphorus 
ranged  from  93.1  to  100.6  per  cent,  with  an  average 
for  four  soils  of  98.2  per  cent.  The  procedure  is  in¬ 
expensive  and  reasonably  rapid  and  the  results  ob¬ 
tained  are  reproducible  within  narrow  limits. 

PHOSPHORUS  in  organic  combination  occurs  in  rela¬ 
tively  large  amounts  in  many  soils,  amounting  in  some 
cases  to  more  than  half  of  the  total  phosphorus  in  the  surface 
six  inches.  In  spite  of  the  importance  of  this  fraction, 
especially  from  the  soil  fertility  viewpoint,  no  method  has 
been  developed  for  its  determination  that  will  give  entirely 
dependable  results  regardless  of  the  composition  of  the  soil. 

The  method  of  Potter  and  Benton  (5)  and  its  modification  by 
Sehollenberger  ( 6 )  were  the  most  satisfactory  of  the  earlier  meth¬ 
ods,  although  too  long  to  be  satisfactory  for  general  work.  This 
method  was  based  on  the  assumption  that  organic  compounds 
containing  phosphorus  were  completely  extracted  by  shaking 
in  the  cold  with  dilute  ammonium  hydroxide.  Karpinskil  and 
Zamyatina  ( 3 )  in  1933  proposed  a  procedure  using  hydrogen 
peroxide  for  oxidation  of  the  organic  phosphorus  compounds; 
the  difference  between  the  phosphorus  removed  by  acid  extrac¬ 
tion  of  oxidized  and  unoxidized  samples  was  assumed  to  repre¬ 
sent  the  organic  phosphorus.  The  chief  objections  to  this  type 
of  procedure  are  the  cost  of  hydrogen  peroxide,  fixation  by  the 
soil  of  phosphorus  released  from  organic  combination  by  the 
peroxide  treatment,  and  difficulty  in  obtaining  filtrates  free  from 
inorganic  colloids.  Also,  Peterson  (4)  reported  that  hydrogen 
peroxide  treatment  increased  the  solubility  of  iron  and  aluminum, 
but  not  of  calcium  and  magnesium,  and  that  this  increase  fol¬ 
lowed  the  increase  in  phosphorus  solubility.  This  led  Peterson 
to  believe  that  peroxide  treatment  brought  some  phosphorus 
into  solution  from  iron  and  aluminum  phosphates. 

An  attempt  to  fractionate  the  soil  phosphorus  was  reported 
in  1938  by  Dean  (1),  who  believed  that  the  organic  phosphorus 
was  soluble  in  0.25  N  sodium  hydroxide.  In  the  same  year 
Dickman  and  DeTurk  (2)  proposed  a  method  using  hydrogen 
peroxide  oxidation  followed  by  sulfuric  acid  extraction  for  de¬ 
termination  of  organic  phosphorus.  The  difference  between  the 
phosphorus  extracted  from  an  untreated  sample  by  0.2  N  sul¬ 
furic  acid  and  that  extracted  from  a  sample  previously  oxidized 
with  hydrogen  peroxide  was  designated  as  organic. 

This  investigation  wTas  undertaken,  following  a  preliminary 
study  of  available  methods,  in  an  attempt  to  perfect  a  proce¬ 
dure  that  would  be  independent  of  the  type  of  soil  and  at  the 
same  time  low  enough  in  cost  of  operation  to  be  acceptable 
for  routine  work. 

Soils  Used 

The  soils  selected  for  this  study,  listed  in  Table  I,  were  de¬ 
veloped  under  widely  different  climatic  conditions  and  on 
different  kinds  of  parent  materials,  representing  nine  of  the 
great  soil  groups.  Thus,  large  variations  were  obtained  not 
only  in  organic  phosphorus  content  but  also  in  the  general 
composition  of  the  soils.  All  samples  were  ground  to  pass 
a  60-mesh  screen  and  thoroughly  mixed. 


Reagents 

Ammonium  Htdeoxide  for  Extraction.  Dilute  90  cc.  of 
concentrated  ammonium  hydroxide  to  1  liter  and  adjust  by 
titration  to  approximately  0.5  N. 

Sulfuric  Acid  for  Adjusting  Acidity.  Dilute  concentrated 
sulfuric  acid  to  35  times  its  volume  and  adjust  to  approximately 
1.0  N. 

Ammonium  Molybdate-Sulfuric  Acid  Solution.  Dissolve 
25  grams  of  ammonium  molybdate  in  water  heated  to  60°  C. 
and  filter.  Dilute  275  cc.  of  concentrated  sulfuric  acid  to  800  cc. 
Cool  both  solutions  and  add  the  ammonium  molybdate  solution 
to  the  sulfuric  acid  slowly  and  with  stirring.  Cool  to  room 
temperature  and  dilute  with  water  to  1000  cc. 

Stannous  Chloride  Solution.  Dissolve  25  grams  of  stan¬ 
nous  chloride  in  100  cc.  of  warm  concentrated  hydrochloric  acid. 
Dilute  to  1000  cc.  and  filter  if  cloudy. 

Standard  Phosphate  Solution.  Dissolve  0.2195  gram  of 
recrystallized  potassium  dihydrogen  phosphate  in  water  and 
dilute  to  1000  cc.  Dilute  50  cc.  of  this  stock  solution  to  500  cc. 
This  solution  contains  5  p.  p.  m.  of  phosphorus  and  is  diluted  as 
required  for  preparation  of  final  standards.  Cover  the  5  p.  p.  m. 
standard  with  a  layer  of  toluene  and  store  in  a  dropping  funnel. 

P-Nitrophenol  Indicator.  Dissolve  0.5  gram  of  solid  p- 
nitrophenol  in  100  cc.  of  water  and  filter  if  cloudy. 

Carbon  Black  for  Decolorization.  If  the  carbon  black 
shows  a  test  for  phosphorus,  wash  it  on  a  Buchner  funnel  with 
1  to  1  hydrochloric  acid  until  no  test  can  be  found  in  the  filtrate. 
Wash  the  acid  out  with  water,  dry,  and  pulverize. 


Table  I.  Soils  Used  in  Study 

Depth 

of 

Soil  Sampling  pH  Soil  Group  Source 


Webster  silt  loam 

Inches 

0-6 

7.63 

Wiesenboden 

Iowa 

Carrington  silt  loam 

0-6 

5.24 

Prairie 

Iowa 

Tama  silt  loam 

0-6 

5.10 

Prairie 

Iowa 

Fayette  silt  loam 

0-1.5 

6.35 

Gray-brown  Fodzolic 

Iowa 

Orangeburg  sandy  loam 

0-6 

5.22 

Red  and  yellow 

Mississippi 

Houston  clay 

0-6 

6.50 

Rendzina 

Mississippi 

Red  clay 

6.15 

Laterite 

Hawaii 

Rosebud  sandy  loam 

0-i2 

7.29 

Chestnut 

Nebraska 

Holdrege  very  fine 
sandy  loam 

0-12 

6.55 

Chernozem 

Nebraska 

Alkali  soil 

9.10 

Solonetz 

Nebraska 

Procedure 

Preliminary  Extraction  of  Bases.  Weigh  duplicate  1- 
gram  samples  (0.5  gram  if  the  soil  contains  large  amounts  of 
organic  matter)  of  60-mesh  soil  into  a  small  beaker,  add  20  cc. 
of  0.1  N  hydrochloric  acid  to  each,  and  let  stand  for  several  min¬ 
utes.  If  the  soil  is  calcareous  or  contains  perceptible  quantities 
of  undecomposed  plant  tissue,  place  the  beaker  on  a  steam  chest 
for  about  5  minutes.  Filter  through  phosphorus-free  paper  and 
wash  the  soil  with  small  portions  of  0. 1  N  acid  until  no  test  for 
calcium  can  be  detected  in  the  filtrate;  this  generally  requires 
six  to  eight  washings.  Make  the  acid  filtrate  to  volume  in  a  200- 
cc.  volumetric  flask  and  save. 

Extraction  of  Phosphorus.  Transfer  the  acid-washed  soil 
with  the  filter  paper  to  a  500-cc.  Erlenmeyer  flask  graduated  at 
400  cc.  Add  200  to  300  cc.  of  0.5  N  ammonium  hydroxide,  stop¬ 
per,  and  shake  vigorously  until  the  filter  paper  is  thoroughly 
shredded.  Rinse  the  stopper  and  sides  of  the  flask  and  make 
to  volume  with  0.5  N  ammonium  hydroxide.  Close  the  flask 
with  a  rubber  stopper  fitted  with  Bunsen  valves  as  shown  in 
Figure  1,  and  digest  in  an  oven  at  89°  to  91°  for  16  to  18 
hours.  By  the  use  of  these  valves  the  loss  of  ammonia  during 
digestion  is  kept  at  a  minimum. 

After  digestion  is  completed,  cool  the  flask  in  a  running  water 
bath  to  room  temperature  and  add  5  grams  of  ammonium  chlo¬ 
ride.  Adjust  the  volume  in  the  Erlenmeyer  to  the  400-cc.  mark, 
mix  thoroughly  by  shaking,  and  let  stand  for  a  few  minutes  until 
the  bulk  of  the  suspended  material  settles  out.  Decant  through 
a  close,  phosphorus-free  filter  paper,  discarding  the  filtrate  as 
long  as  any  suspended  material  can  be  detected  in  it.  Pipet 
aliquot  portions  of  the  clear  filtrate  into  two  thoroughly  weath¬ 
ered  100-cc.  beakers  and  add  proportionate  amounts  of  the  acid 
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olution  from  extraction  of  bases  to  each.  The  size  of  the 
iliquots  taken  depends  upon  the  amount  of  organic  phosphorus 
present  in  the  soil;  in  most  cases  10  cc.  of  the  ammonium  hydrox- 
de  solution  and  5  cc.  of  the  acid  extract  are  satisfactory.  In- 
>rganic  phosphorus  is  then  determined  in  one  aliquot  and  total 
)hosphorus  in  the  other. 

Determination  of  Inorganic  Phosphorus  in  Extract. 
\.dd  4  cc.  of  1.0  N  sulfuric  acid  and  a  small  amount  of  phosphorus- 
ree  carbon  black — usually  about  0.025  gram,  depending  upon 
he  amount  of  organic  matter  in 
solution — to  one  of  the  aliquots, 
swirl  the  beaker  a  few  times 
,o  mix  the  suspension 
horoughly;  filter,  rinse  the 
leaker,  and  wash  the  paper 
ive  times  with  small  portions 
)f  water.  The  carbon  will 
:reep  over  and  cause  difficulty 
n  the  phosphorus  determina¬ 
te®  if  the  funnel  is  filled  more 
ffian  half  full.  Dilute  the  de¬ 
colorized  filtrate  to  about  40 
cc.  with  water,  add  one  drop  of 
a-nitrophenol  and  1  to  1  am¬ 
monium  hydroxide  until  the 
indicator  just  turns  yellow; 
then  add  1.0  N  sulfuric  acid 
dropwise  until  the  color  just 
disappears.  Add  2  cc.  of  am¬ 
monium  molybdate  and  ad¬ 
just  the  volume  to  exactly 
50  cc.  ,  . 

Prepare  standard  phosphorus  solutions  by  diluting  0.5,  0.75, 
and  1.0  cc.  of  the  5  p.  p.  m.  solution  to  40  cc.  Add  4  cc.  of  1.0  N 
sulfuric  acid,  0.12  gram  of  ammonium  chloride  for  each  10  cc. 
of  the  ammonium  hydroxide  extract  taken  for  analysis,  and  one 
drop  of  indicator,  and  adjust  the  acidity  with  ammonium  hy¬ 
droxide.  Add  2  cc.  of  ammonium  molybdate,  dilute  to  50  cc.,  and 
develop  the  color  by  addition  of  3  drops  of  stannous  chloride. 
Develop  the  color  in  the  soil  extracts  at  the  same  time  and  com¬ 
pare  the  unknown  solutions  with  a  standard  of  approximately 
the  same  color  intensity,  using  well-matched  Nessler  tubes  and 
a  colorimeter  lamp.  Calculate  inorganic  phosphorus  by  the 
following  equation: 

P.  p.  m.  of  phosphorus  in  soil  = 

cc.  of  standard  X  concentration  of  standard  (p.  p.  m.) 

'  cc.  of  X 

dilution  of  X 

Determination  of  Total  Phosphorus  in  Extract.  Evapo¬ 
rate  the  second  aliquot  to  dryness  with  1  cc.  of  10  per  cent  phos¬ 
phorus-free  magnesium  nitrate,  and  ignite  in  a  muffle  furnace 
at  600°  C.  until  a  perfectly  white  ash  is  obtained.  Dissolve  the 
residue  in  4  cc.  of  1.0  A  sulfuric  acid  and  dilute  to  about  40  cc. 
with  water.  Adjust  the  acidity  and  add  ammonium  molybdate 
as  directed  for  inorganic  phosphorus.  Prepare  phosphorus  stand¬ 
ards  of  the  required  concentrations,  usually  between  0.10  and  0.25 
p.  p.  m.,  and  adjust  the  acidity,  using  the  same  amount  of  sulfuric 
acid  as  in  the  soil  extract;  add  ammonium  molybdate,  develop  the 
colors  in  standard  and  unknown  solutions,  and  determine  phos¬ 
phorus  as  before.  Organic  phosphorus  is  found  by  subtracting 
inorganic  phosphorus  from  total  phosphorus  in  the  ammonium 
hydroxide  and  acid  extracts. 

Factors  Affecting  Amount  of  Organic  Phosphorus 

Extracted 

The  following  five  factors  were  studied  separately  during 
the  development  of  this  procedure:  (1)  preliminary  extrac¬ 
tion  of  bases,  (2)  length  of  digestion  period,  (3)  volume  of 
digesting  solution,  (4)  concentration  of  digesting  solution, 
and  (5)  temperature  of  digestion.  The  point  of  maximum 
recovery  of  organic  phosphorus  was  determined  for  each  of 
these  factors  as  given  below. 

1.  The  values  for  organic  phosphorus  found  in  two  soils 
without  extraction  of  bases  and  after  extraction  with  dif¬ 
ferent  reagents  are  given  in  Table  II.  It  is  apparent  at  once 
that  larger  amounts  of  organic  phosphorus  were  found  after 
extraction  of  replaceable  bases  than  before  they  were  removed, 
particularly  when  hydrochloric  or  sulfuric  acid  was  used  as 
the  extracting  reagent.  This  agrees  with  the  results  reported 
by  Schollenberger  (6),  who  found  the  use  of  hydrochloric  acid 


Figure  1.  Stopper  Fitted 
with  Bunsen  Valves  for 
Use  in  Digestion  Flask 


Table  II.  Effect  of  Preliminary  Extraction  of  Bases  on 
Organic  Phosphorus  Extracted  by  Ammonium  Hydroxide 


No 

—Organic  Phosphorus - 

10%  O.liV 

0.1  n' 

Soil 

extraction 

NH«C1 

HC1 

H2SO, 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

Tama 

200 

212 

249 

235 

Webster 

300 

364 

392 

396 

Fayette 

220 

322 

323 

Table  III.  Organic  Phosphorus  Removed  during  Acid 
Extraction  of  Bases 


Soil 


Tama 

Webster 

Fayette 


Phosphorus 
0.1  N  HC1 
P.  p.  m. 

3 
39 

4 


Removed 

0.1  N  H2SO4 
P.  p.  m. 

4 

20 

2 


superior  to  extraction  with  salt  solutions.  Hydrochloric 
acid  was  adopted  because  fewer  subsequent  washings  were 
required  than  with  sulfuric  acid.  Some  organic  phosphorus 
is  removed  by  the  acid  extraction,  as  shown  in  Table  III, 
although  in  most  cases  the  amount  is  small.  However,  since 
in  some  soils  this  fraction  is  significant,  aliquots  of  the  acid 
extract  are  added  to  the  ammonium  hydroxide  extract  used 
for  analysis. 

Table  IV.  Organic  Phosphorus  Extracted  with  Different 
Periods  of  Digestion 


Soil 

9  Hours 

- Organic 

12  Hours 

Phosphorus - 

15  Hours 

18  Hours 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

Tama 

237 

240 

242 

Webster 

288 

367 

388 

390 

Fayette 

298 

342 

341 

Carrington 

i98 

221 

237 

239 

2.  The  effect  of  time  of  digestion  on  recovery  of  organic 
phosphorus  from  four  soils  is  shown  in  Table  IV.  In  each 
case  the  amount  of  phosphorus  found  increased  with  time  of 
digestion  to  the  15-hour  mark,  beyond  which  very  little  in¬ 
crease  was  obtained.  A  16-  or  18-hour  digestion  period  is 
convenient,  since  samples  weighed  out  and  extracted  with  acid 
in  the  afternoon  can  digest  overnight;  the  determination  can 
then  be  completed  the  next  morning.  By  arranging  the  work 
in  this  way  six  to  eight  determinations  in  duplicate  can  be 
completed  each  day. 

Table  V.  Effect  of  Volume  of  Extracting  Solution  on 
Organic  Phosphorus  Extracted 
Weight 

of  . - 0.5  N  NH-iOH  per  Sample  of  Soil— — - 


Soil 

Sample 

100  cc. 

200  cc. 

400  cc. 

600  cc. 

Grams 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

Tama 

1.0 

194 

226 

239 

242 

Webster 

0.5 

262 

367 

392 

390 

Carrington 

1.0 

217 

237 

240 

Marshall 

1.0 

iso 

214 

246 

239 

3.  The  data  obtained  from  a  study  of  the  effect  of  volume 
of  ammonium  hydroxide  used  on  the  amount  of  organic 
phosphorus  extracted  are  presented  in  Table  V.  Values  for 
organic  phosphorus  increased  with  dilution  in  every  case  to 
400  cc.,  although  in  general  there  was  less  difference  between 
200  and  400  cc.  than  between  100  and  200  cc.  No  significant 
difference  was  found  between  400  and  600  cc.  Since  the  dilu¬ 
tion  at  400  cc.  is  rather  high,  any  error  in  sampling  or  in  the 
actual  determination  is  greatly  magnified.  For  this  reason 
the  accuracy  of  the  results  obtained  can  be  seriously  impaired 
by  careless  technique,  especially  in  the  color  comparison  be¬ 
tween  standard  and  unknown  solutions.  The  use  of  a  photo¬ 
electric  colorimeter  for  determination  of  phosphorus  in  the 
solution  would  reduce  the  chances  of  error  at  this  point  in 
the  procedure. 

4.  The  amounts  of  organic  phosphorus  found  were  con¬ 
siderably  higher  when  400  cc.  of  0.4  N  ammonium  hydroxide 
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Table  VI.  Effect  of  Concentration  of  Ammonium 
Hydroxide  on  Organic  Phosphorus  Extracted 


Soil 

'  0.2  N 

NH4OH 

- Organic  Phosphorus - 

0.4Jf  0.5  N 

NH4OH  NH4OH 

1.0  n' 

NH4OH 

Tama 

P.  p.  m. 

225 

P.  p.  to. 

248 

P.  p.  m. 

247 

P.  p.  m. 

247 

Webster 

167 

390 

394 

388 

Carrington 

123 

237 

237 

240 

were  used  for  digestion  than  when  the  same  volume  of  a  0.2  N 
solution  was  used,  as  shown  in  Table  VI.  No  significant 
difference  was  found  in  the  phosphorus  removed  by  0.4  N, 
0.5  N,  and  1.0  N  ammonium  hydroxide.  Half-normal  solu¬ 
tions  were  adopted  because  less  acid  is  required  to  neutralize 
the  aliquots  for  inorganic  phosphorus  than  if  1.0  N  solutions 
are  used. 

Table  VII.  Effect  of  Temperature  of  Digestion  on 
Organic  Phosphorus  Extracted  from  Three  Soils 

/ - Phosphorus  Extracted - % 


Soil 

70°  C. 

87°  C. 

90°  C. 

92°  C. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

Tama 

207 

240 

249 

248 

Webster 

295 

363 

392 

388 

Fayette 

287 

339 

342 

334 

5.  The  effect  of  temperature  of  digestion  on  organic  phos¬ 
phorus  recovered  from  three  soils  is  shown  in  Table  VII.  The 
optimum  range  is  about  89°  to  92°  C.  Recovery  decreases 
with  decreasing  temperatures  below  87°  C.,  and  increases 
slightly  with  increasing  temperature  above  87°.  Although 
no  data  are  presented  for  temperatures  above  92°,  erratic 
results  are  obtained  at  temperatures  of  94°  to  95°,  probably 
due  to  decreased  concentration  of  the  ammonium  hydroxide, 
and  possibly  also  to  some  hydrolysis  of  organic  phosphorus 
compounds. 

Table  VIII.  Organic  Phosphorus  Content  of  Twelve 

Soils'* 

As  determined  by  hydrogen  peroxide  and  ammonium  hydroxide  digestion 

procedures) 

Organic  Phosphorus 
H2O2  NH4OH  digestion 


Soil 

procedure 

procedure 

P.  p.  m. 

P.  p.  m. 

Rosebudt 

96 

127 

Holdrege 

100 

92 

Alkali  soilf> 

118 

156 

Houston 

26 

32 

Laterite® 

54 

99 

Orangeburg® 

5 

18 

Shelby 

256 

245 

Carrington 

270 

257 

Marshall 

254 

256 

Tama 

223 

243 

Fayette 

356 

342 

Webster^ 

378 

390 

°  Extractions  of  Tama,  Fayette,  and  Webster  were  also  made  according 
to  procedure  outlined  by  Schollenberger,  and  determinations  of  phosphorus 
in  extract  were  made  using  procedure  described  in  this  paper.  The  follow¬ 
ing  values  for  organic  phosphorus  were  found:  Tama,  97  p.  p.  m.;  Fayette, 
220  p.  p.  m.;  and  Webster,  166  p.  p.  m. 

I  Alkaline  (see  Table  I). 

c  Contains  large  amounts  of  free  iron  oxides. 

Organic  phosphorus  was  determined  in  twelve  soils  by  both 
the  hydrogen  peroxide  method  proposed  by  Dickman  and 
DeTurk  (2)  and  the  ammonium  hydroxide  digestion  method. 
Three  determinations  were  also  made  using  the  Schollenberger 
procedure  for  extraction  (6).  These  determinations  were  all 
made  in  duplicate  and  the  results  are  presented  in  Table  VIII. 
In  the  case  of  the  Webster,  Carrington,  and  Shelby  soils,  re¬ 
producible  results  were  not  obtained  with  the  peroxide  pro¬ 
cedure  and  the  values  given  in  Table  VIII  are  averages  of 
three  different  determinations.  Difficulty  was  also  experi¬ 
enced,  particularly  with  the  Shelby  and  Carrington  soils, 
in  retaining  the  inorganic  colloidal  material  on  the  filter  after 
decomposition  of  the  organic  matter,  even  though  a  close  paper 
was  used  and  the  filtrate  was  poured  back  several  times.  In 
several  cases  the  color  developed  in  the  aliquots  for  inorganic 
phosphorus  had  a  greenish  tint  and  accurate  comparisons 


with  a  standard  were  not  possible.  In  general,  however, 
results  obtained  with  the  peroxide  procedure  and  with  am¬ 
monium  hydroxide  digestion  agree  very  well  for  acid  soils 
relatively  low  in  free  iron  oxides. 

Lower  values  for  organic  phosphorus  were  obtained  with 
the  peroxide  method  than  with  ammonia  digestion  in  alkaline 
soils  and  soils  containing  relatively  high  amounts  of  free  iron 
oxides.  Lower  values  in  the  former  case  are  due  to  the  in¬ 
efficiency  of  hydrogen  peroxide  in  alkaline  solution,  and  in  the 
latter  case  to  fixation  of  released  phosphorus  by  iron  oxides 
in  the  soil.  No  attempt  was  made  to  correct  for  the  amount 
of  phosphorus  fixed  after  its  release  from  organic  combination 
by  the  hydrogen  peroxide.  This  difficulty  is  not  encountered 
when  the  organic  compounds  containing  phosphorus  are  ex¬ 
tracted  before  release  of  the  phosphorus,  since  it  has  been 
found  (7)  that  phosphorus  in  organic  combination  is  not 
fixed  by  soils. 

Shaking  for  2  hours  in  4  per  cent  ammonium  hydroxide  ac¬ 
cording  to  the  procedure  of  Schollenberger  ( 6 )  gave  values 
much  lower  than  those  obtained  with  the  other  two  pro¬ 
cedures.  Longer  periods  of  shaking  did  not  improve  recovery, 
indicating  that  the  organic  phosphorus  soluble  in  cold  am¬ 
monium  hydroxide  is  completely  removed  in  2  hours,  as  was 
reported  by  Schollenberger  ( 6 ). 

Table  IX.  Recovery  of  Added  Organic  Phosphorus 

. - Hydrogen  Peroxide - -  . - Ammonia  Digestion - ■ 


Procedure 

Procedure 

P 

P 

re- 

Re- 

re- 

Re- 

P 

P 

oov- 

cov- 

P 

P 

cov- 

COV- 

Soil 

added 

found 

P .  p.  TO.- 

ered 

ery 

% 

added 

found 
■P.  p.  m. 

ered 

ery 

% 

Carrington 

291 

262 

i4i 

416 

i25 

88.6 

idi 

422 

i60 

99.1 

Webster  No.  2 

492 

501 

322 

760 

268 

83.2 

322 

808 

307 

95.3 

Shelby 

266 

243 

172 

386 

120 

70.6 

i64 

408 

165 

100.6 

Orangeburg 

5 

14 

84 

65 

60 

7i.4 

84 

92 

78 

93.1 

Recoveries  of  added  organic  phosphorus,  using  both  the 
hydrogen  peroxide  and  ammonium  hydroxide  digestion  pro¬ 
cedures,  are  given  in  Table  IX.  Aliquots  of  a  standard  solu¬ 
tion  of  nucleic  acid  from  yeast  were  added  to  each  soil  in 
amounts  equivalent  to  the  organic  phosphorus  shown  in  the 
second  and  sixth  columns.  Nucleic  acid  was  used  because 
the  recent  work  of  Wrenshall  and  McKibben  ( 8 )  indicates 
that  a  large  share  of  the  native  soil  organic  phosphorus  is  in 
the  form  of  nucleic  acid  or  nucleotides.  The  results  ob¬ 
tained  with  the  hydrogen  peroxide  procedure  were  somewhat 
erratic  and  the  values  reported  are  averages  of  several  de¬ 
terminations.  The  average  percentage  recovery  for  the  four 
soils  obtained  with  the  ammonium  hydroxide  digestion  pro¬ 
cedure  was  98.2,  which  is  considered  satisfactory.  The  fact 
that  added  organic  phosphorus  can  be  quantitatively  re¬ 
covered  shows  definitely  that  the  use  of  ammonium  chloride 
for  flocculation  of  inorganic  colloidal  material  does  not  cause 
precipitation  of  measurable  amounts  of  phosphorus-contain¬ 
ing  organic  compounds. 
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Rapid  Qualitative  Test  for  Alcoholic 

Hydroxyl  Group 

Use  of  Nitrato  and  Perchlorato  Cerate  Anions  as  Test  Reagents 


F.  R.  DUKE  AND  G.  FREDERICK  SMITH,  University  of  Illinois,  Urbana,  Ill. 


rHE  qualitative  identification  of  the  alcohols,  following 
either  the  reaction  with  sodium  metal  to  liberate  hy- 
[rogen  or  the  acetyl  chloride  reaction  of  esterification  used 
,t  present,  leaves  much  to  be  desired.  The  solubility  of 
lexanitrato  potassium  or  ammonium  cerate,  K2Ce(N03)6  and 
NH4)2Ce(N03)6,  in  alcohol  is  well  known.  The  observation 
hat  such  solutions  are  intensely  red  in  color,  as  compared 
o  aqueous  solutions  of  equal  concentration,  suggested  the 
possibility  of  reaction  with  the  complex  nitrato  cerate  ion, 
pe(N0j)6 — ,  on  the  part  of  alcohol  (possibly  with  the  forma- 
ion  of  a  related  complex  anion  of  greater  color  intensity)  and 
las  led  to  the  study  of  a  new  qualitative  test  for  alcohols, 
decause  of  the  known  similarity  which  exists  between  the 
lexanitrato  and  hexaperchlorato  cerate  ions,  the  latter  has 
leen  studied  in  the  same  connection  and  has  been  shown  to 
lave  certain  advantages. 

It  is  the  object  of  the  present  paper  to  describe  the  applica¬ 
tion  of  the  test  and  to  attempt  an  explanation  of  the  mecha- 
ijsm  governing  the  reactions  involved.  The  procedure  has 
oeen  applied  with  unqualified  success  in  course  Chemistry 
38,  qualitative  organic  analysis,  at  the  University  of  Illinois, 
for  the  past  year.  The  assistance  of  R.  C.  Fuson  and  R.  L. 
Shriner  in  proving  its  applicability  is  hereby  acknowledged. 

Reagents 

Hexanitrato  ammonium  cerate  in  nitric  acid.  Dissolve  400 
grams  of  (NH4)2Ce(N03)«  in  1  liter  of  2  M  nitric  acid.  (This 
solution  is  approximately  0.7  M  in  nitrato  cerate  ion.) 

Perchlorato  ceric  acid  in  perchloric  acid.  A  solution  which  is 
approximately  0.5  M  in  H2Ce(C104)6  in  6  M  perchloric  acid  is 
commercially  available.  The  method  of  preparation  is  by  elec¬ 
trolytic  oxidation  of  cerous  perchlorate,  Ce(C104)3.9H20,  in 
perchloric  acid  solution.  The  concentration  of  perchloric  acid, 
unlike  the  previous  solution,  is  not  an  important  factor. 

Dioxane.  To  be  used  in  some  cases  in  which  the  alcohol  is  not 
soluble  in  water. 


Application  of  Test 

Dilute  1  ml.  of  the  cerate  solution  in  a  test  tube  by  the  addi¬ 
tion  of  2  ml.  of  water  and  add  a  drop  or  two  of  the  compound  to  be 
tested.  If  the  compound  is  solid,  dissolve  a  small  amount  in  the 
least  quantity  of  water  required  before  addition  to  the  test  re¬ 
agent.  A  red  color  indicates  an  alcohol. 

For  water-insoluble  compounds  dilute  1  ml.  of  the  cerate  solu¬ 
tion  with  2  ml.  of  dioxane  and  add  a  drop  or  two  of  the  com¬ 
pound  to  be  tested.  If  a  solid  is  to  be  tested,  dissolve  a  small 
amount  in  the  least  possible  amount  of  dioxane  before  making 
the  test.  The  production  of  a  red  color  indicates  an  alcohol. 
(Dioxane  solutions  cannot  be  applied  to  solutions  of  the  per¬ 
chlorato  ceric  acid  because  of  the  reduction  of  the  reagent.) 

Interferences 

Acids,  aldehydes,  ketones,  esters,  and  hydrocarbons  do  not 
interfere.  Amines  raise  the  pH  to  such  an  extent  that  pre¬ 
cipitation  of  insoluble  cerium  compounds  may  result.  Aro¬ 
matic  amines  and  phenols  interfere,  giving  characteristic 
colors  and  precipitates.  It  may  be  possible  in  some  cases  to 
identify  individual  aniline  derivatives  and  phenols  by  a 
specific  color  test  when  they  are  added  to  the  cerate  solutions. 
The  colors  produced  are  all  intense  and  of  such  a  nature  as 
to  avoid  confusion  with  the  test  for  alcohols.  Easily  oxidized 
materials  such  as  oxalic  acid  interfere  because  of  reduction  of 


the  cerate  solutions.  Organic  dyes  also  may  cause  color  in¬ 
terference. 

Applicability 

Alcohols  up  to  ten  carbons  can  be  included  in  this  test. 
Primary,  secondary,  and  tertiary  alcohols  give  instantaneous 
tests  in  all  cases.  Hydroxycarboxylic  acids  also  give  the  test. 
Glucose,  sucrose,  and  dextrin  respond  to  the  test,  but  the 
color  produced  is  rapidly  lost  by  oxidation. 

Sensitivity 

Solutions  containing  from  2  to  4  per  cent  of  butyl  alcohol 
give  a  positive  test  using  the  nitrato  cerate  reagent,  and  solu¬ 
tions  of  1  to  2  per  cent  give  a  positive  test  with  the  per¬ 
chlorato  cerate  reagent.  The  more  reactive  the  alcoholic 
hydroxyl  present  the  more  sensitive  is  the  test — for  example, 
benzyl  and  allyl  types  are  especially  sensitive. 

Color  Formation 

Permanency  of  Color  Formation.  The  oxidation  po¬ 
tential  of  the  nitrato  cerate  test  solution  is  much  lower  than 
that  of  the  perchlorato  cerate  test  solution  ( 1 ).  For  this 
reason  the  color  production  upon  reaction  with  alcohol  is 
more  permanent  in  the  case  of  the  nitrato  cerate  test  solution. 
This  influence  is  accentuated  at  the  comparatively  high  acid 
concentrations  applied  during  the  test.  An  alcoholic  solution 
of  the  nitrato  cerate  reagent  without  addition  of  nitric  acid 
(pH  between  0  and  1)  is  stable  over  long  periods  of  time. 
Corresponding  solutions  of  the  perchlorato  cerate  ion  are 
rapidly  decomposed.  Tertiary  alcohols  produce  much  more 
stable  color  tests  as  compared  with  primary  and  secondary 
alcohols.  There  is  the  possibility  through  this  property  of 
establishing  a  means  of  differentiation. 

Experimental  Determination  of  Sensitivity  and  Sta¬ 
bility  of  Color  Produced.  The  color  produced  with 
the  four  butyl  alcohols  obtained,  using  a  dilute  solution  of 
each  added  to  both  the  nitrato  cerate  and  perchlorato  cerate 
reagent,  was  studied  quantitatively.  For  this  purpose  a 
photoelectric  colorimeter,  the  photelometer,  was  used.  The 
results  of  the  study  are  given  in  Table  I. 


Table  I.  Color  Intensity  and  Color  Stability  of  Nitrato 
and  Perchlorato  Cerate  Tests  for  Alcohol 


(0.5  M  cerate  reagent,  1  volume,  plus  2  volumes  of  1  per  cent  alcohol) 


Butyl 

Alcohol 

Type 

Tertiary 

Normal 

Iso 

Secondary 


Reagent 

Blank 

Nitrato  Cerate  Test 

Perchlorato  Cerate  Test 

Reading 

Initial 

10  min. 

Initial 

5  min.  10  min. 

100 

59 

59 

54 

....  63 

100 

46 

54 

38 

Colorless 

100 

31 

47 

24 

Colorless 

100 

42 

51 

33 

Colorless 

An  examination  of  Table  I  shows  that  the  color  intensity  is 
progressively  more  intense  for  the  four  isomeric  alcohols  in 
the  order  iso,  secondary,  normal,  and  tertiary,  as  shown  by 
the  decrease  in  test  reading  as  compared  to  the  blank.  The 
color  intensity  is  greatest  in  all  cases  for  the  perchlorato  cerate 
test  as  compared  to  the  nitrato  cerate  test.  The  color  stabil¬ 
ity  in  all  cases  is  greater  for  the  nitrato  cerate  test  as  com¬ 
pared  to  the  perchlorato  cerate.  The  color  stability  for  both 
tests  is  much  more  pronounced  in  the  case  of  the  tertiary 
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butyl  alcohol.  The  color  intensity  was  undiminished 
after  10  minutes  in  this  case  when  applying  the  nitrato 
cerate  test.  Tertiary  butyl  alcohol  gives  a  perchlorato 
cerate  test  but  slightly  diminished  after  10  minutes, 
while  the  other  forms  are  completely  destroyed  in  a  5- 
minute  interval.  It  is  to  be  expected  that  the  color 
produced  would  be  more  permanent  in  the  case  of  other 
tertiary  alcohols,  since  the  color  dissipation  results  from 
oxidation  and  the  tertiary  alcohols  are  known  to  be  more 
resistant  to  oxidation. 

Experimental  Determination  of  Color  Intensity 
as  a  Function  of  Number  of  Carbon  Atoms.  The 
technique  employed  in  obtaining  the  data  of  Table  I  was 
used  to  study  the  influence  of  the  length  of  carbon  chain 
on  the  color  intensity.  The  results  are  shown  in  Table 
II.  The  color  production  with  methyl  alcohol  in  water 
solutions  is  greater  than  when  dioxane  is  used  as  solvent. 
The  color  intensity  in  the  case  of  methyl  alcohol  as 
compared  to  nonyl  alcohol  is  marked. 


Table  II.  Influence  of  Number  of  Carbon  Atoms  on  Color 
Intensity  Using  Nitrato  Cerate  Test 


(0.5  M  cerate  reagent,  1  volume,  plus  2  volumes  of  1  per  cent  alcohol) 


Nitrato  Cerate  Test 
Blank  Initial  10-min. 

Alcohol  Solvent  Reading  reading  reading 


Methyl 

H20 

100 

35 

Dioxane 

100 

46 

Nonyl 

Dioxane 

100 

74 

47 

55 

81 


Theoretical  Explanation  of  Color  Production.  An 
aqueous  solution  of  hexanitrato  potassium  cerate  may  be 
titrated  by  standard  base  in  the  same  manner  as  a  strong  acid. 
The  pH  of  0.1  molar  solution  in  water  is  a  little  less  than 
unity,  and  as  standard  sodium  hydroxide  solution  is  added 
a  sharp  “break”  in  the  titration  curve  is  obtained  at  a  point 
approximately  equal  to  that  calculated  to  require  four 


equivalents  of  alkali  for  each  equivalent  of  nitrato  cerate  ion. 
The  titration  was  followed  using  a  Beckman  pH  meter  and 
glass  electrode.  A  sample  of  10  ml.  of  0.1  A  K2Ce(N03)6 
titrated  by  use  of  0.1383  A  sodium  hydroxide  gave  the  results 
shown  in  Figure  1.  Since  a  0.1  A  solution  of  hexanitrato 
potassium  cerate  in  water  gave  a  pH  of  1,  the  hydrolytic  re¬ 
action  can  be  written: 

[Ce(N03)6— ]  +  H20  =  [Ce0H(N03)5—  ]  +  H+  +  N03~ 

The  effect  of  the  addition  of  sodium  hydroxide  is  to  neutral¬ 
ize  the  free  acid  present  and  cause  further  hydrolysis  to  form 
the  complex  [Ce(0H)2(N03)4  ],  the  solution  still  remaining 

unprecipitated.  Further  addition  of  sodium  hydroxide  finally 
results  in  the  complete  reaction: 

K2Ce(N03)6  +  4NaOH  =  Ce(OH)«  +  2KN03  +  4NaNO, 

The  corresponding  hexanitrato  ammonium  cerate  dissolved 
in  absolute  ethyl  alcohol  (10  ml.  of  0.1  A  solution)  when 
titrated  using  0.1  A  sodium  hydroxide  dissolved  in  absolute 
ethyl  alcohol,  was  similarly  studied.  The  results  are  shown 
in  Figure  2.  Practically  identical  data  are  obtained  by  ti¬ 
trating  with  0.1  A  sodium  ethylate  in  absolute  ethyl  alcohol. 


The  reaction  of  hexanitrato  ammonium  cerate  with  absolute 
ethyl  alcohol  as  shown  by  the  starting  value  of  the  pH  is  as 
follows: 

[Ce(N03)6— ]  +  ROH  =  [CeORCNOsh"  ]  +  H+  +  N03- 

The  red  colored  complex  anion  which  is  the  product  of  this 
reaction  is  the  basis  of  the  nitrato  cerate  alcohol  test.  As  more 
alcoholic  sodium  hydroxide  is  added  more  of  the  alcoholate 
radicals  enter  the  complex,  according  to  the  reaction: 

Ce0R(N03)6  +  ROH  =  Ce(0R)2(N03)4—  +  H+  +  NOr 

This  reaction  and  subsequent  reactions  of  substitution  of 
OR  groups  account  for  the  plateau  shown  in  Figure  2.  Pre¬ 
cipitation  occurs  during  this  stage  through  the  formation  of 
insoluble  ceric  salts. 

The  reactions  of  the  alcohol  test  using  the  perchlorato  cerate 
ion  are  assumed  to  be  analogous  to  the  nitrato  cerate  test. 
The  stability  of  the  complex  in  the  former  case  is  less  pro- 
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nounced  than  in  the  latter  and  is  improved  by  the  presence 
of  a  higher  concentration  of  perchloric  acid  to  stabilize  the 
complex  formation. 

The  use  of  perchloric  acid  together  with  organic  reagents 
such  as  the  alcohols  introduces  no  hazards  so  long  as  the  solu¬ 
tions  are  not  heated.  To  heat  such  solutions  would  rapidly 
destroy  the  color  complex  through  oxidation,  so  that  this 
error  is  not  likely  to  be  permitted  in  the  application  of  the 
test. 

Summary 

A  new  and  improved  classification  test  for  alcoholic  hy¬ 
droxyl  groups  is  based  upon  the  production  of  a  red  coloration 
in  the  yellow  solutions  of  the  nitrato  or  perchlorato  cerate 


anions  in  the  presence  of  the  corresponding  nitric  and  per¬ 
chloric  acids. 

Alcohols,  hydroxy  acids,  hydroxy  esters,  halogenated  al¬ 
cohols,  glycols,  and  hydroxy  aldehydes  containing  less  than 
ten  carbon  atoms  have  been  tested  with  positive  results. 

Aromatic  amines,  amine  hydrochlorides,  and  compounds 
containing  chromophoric  groups  interfere  by  giving  colors  or 
precipitates  with  the  reagent.  Compounds  which  are  readily 
oxidized  may  decolorize  the  test  reagent  before  the  red  color 
of  the  test  can  be  noted.  Phenols  interfere  by  formation  of 
conflicting  colors. 
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Riboflavin  Content  of  Yeasts 

Determined  Photometrically  and  Biologically 


A.  E.  SCHUMACHER  AND  G.  F.  HEUSER,  Department  of  Poultry  Husbandry,  Cornell  University,  Ithaca,  N.  Y 


YEASTS  and  yeast  products  have  been  used  for  a  long  time 
as  a  source  of  the  vitamin  B  complex,  since  yeast  is 
believed  to  contain  all  the  vitamins  of  the  B  group.  It  is  the 
purpose  of  this  paper  to  present  a  chemical  method  for  the 
estimation  of  riboflavin  in  yeasts  and  yeast  products,  to  show 
the  relation  between  chemical  and  biological  determinations, 
and  to  point  out  the  variations  found  in  the  riboflavin  con¬ 
tent  of  different  yeasts. 

Photometric  Method  for  Determination  of  Ribo¬ 
flavin  in  Yeasts 


The  apparatus  used  is  a  photoelectric  photometer  designed 
principally  for  the  determination  of  riboflavin.  A  discussion  ol 
the  principles  of  the  apparatus  and  laws  governing  its  application 
to  riboflavin  arc  given  by  Sullivan  (2)  and  Sullivan  and  Norris  (3). 

For  the  extraction  of  riboflavin  a  10-gram  sample  of  the  ina- 
terial  to  be  assayed  is  weighed  into  a  250-ml.  Erlenmeyer  flask 
and  100  ml.  of  a  solution  of  5  per  cent  hydrochloric  acid  are  added. 
(Repeated  extractions  of  the  residue  or  lengthening  the  time  ot 
extraction  did  not  alter  the  photometric  measurement  ol  ribo¬ 
flavin  in  yeast.)  The  mixture  is  refluxed  gently  for  40  minutes 
and  allowed  to  cool.  The  flask  is  then  tightly  stoppered  and 
placed  in  a  refrigerator  for  1  hour.  Finally ,  the  supernatant  liquid 
is  filtered  through  a  fluted  filter  and  the  filtrate  is  ready  tor 

aliquot  sampling.  ,  „  .  __  ,  .  .  ., 

For  the  determination  of  the  riboflavin  a  25-ml.  aliquot  of  the 
filtrate  is  placed  in  a  50-ml.  volumetric  flask  and  thepH  adjusted 
to  3.5  to  4.0  by  the  addition  of  sodium  hydroxide.  This  is  neces¬ 
sary  in  order  to  get  clear  solutions  and  may  be  conveniently  done 
in  most  instances  by  adding  2.25  ml.  of  a  5  AT  solution  of  sodium 
hydroxide.  The  volume  is  then  made  up  to  49  ml.  by  the  addition 
of  distilled  water.  Since  reducible  interfering  pigments  may  be 
present  in  the  filtrate,  it  has  been  found  necessary  to  reduce 
these  pigments  in  order  to  obtain  an  accurate  determination  ot 
the  riboflavin  content  of  the  sample.  This  is  accomplished  by 
adding  1  ml.  of  sodium  hydrosulfite  solution  (1  gram  of  sodium 
bicarbonate  plus  1  gram  of  sodium  hydrosulfite  dissolved  in  20 
cc.  of  cold  distilled  water),  making  the  total  volume  50  ml.  i he 
riboflavin  is  also  reduced  to  the  colorless  form  by  this  treatment. 
[This  modification  was  obtained  from  the  modified  method  ol 
Hodson  and  Norris  (1)  for  the  determination  of  riboflavin  in 


The  solution  is  transferred  to  a  250-ml.  Erlenmeyer  flask, 
stoppered,  and  allowed  to  stand  for  10  minutes.  The  stopper  is 
then  removed  and  the  solution  shaken  vigorously  for  5  minutes. 
In  the  authors’  experience  this  treatment  will  reoxidize  ttie 
riboflavin  to  the  colored  form,  while  the  interfering  pigments  are 
not  reoxidized.  Finally,  the  solution  is  filtered  through  a  Gooch 
crucible  with  an  asbestos  mat,  moderate  suction  being  used. 


The  clear  filtrate  is  then  ready  for  reading  by  means  of  the 
photometer.  A  detailed  description  of  the  photometer  and  its 


operation  is  given  by  Sullivan  and  Norris  (3).  The  same 
procedure  was  followed. 

Twenty  milliliters  of  the  clear  filtrate  are  placed  in  the  optical 
cell  and  an  initial  reading,  h,  is  made  to  determine  the  quantity 
of  light  absorbed  by  the  riboflavin  present  and  by  any  colored 
impurities.  Then  the  riboflavin  is  reduced  to  the  colorless  form 
by  adding  0.6  ml.  of  sodium  hydrosulfite  solution,  after  which  a 
second  reading,  It,  is  made  to  determine  the  quantity  of  light 
absorbed  by  the  color  remaining  after  reduction.  The  value 
obtained  after  reduction  is  subtracted  from  the  initial  value. 
Since  only  90  per  cent  of  the  riboflavin  is  reduced  by  the  sodium 
hydrosulfite,  the  reading  must  be  corrected.  This  corrected 
value  is  then  converted  into  total  riboflavin  by  multiplying  by  the 
factor  1.036,  to  correct  for  the  reduced  readings  obtained  at  pH 
3.5  to  4.0  ( 3 ) .  The  micrograms  of  riboflavin  per  gram  of  yeast  are 
finally  obtained  by  multiplying  by  20. 

Since  the  photometer  gives  a  linear  response  to  changes  in 
light  intensity  and  it  has  been  shown  that  solutions  of  riboflavin 
follow  Beer’s  law,  it  is  possible  to  calculate  the  concentration  of 
extracts  directly  f  rom  the  readings .  The  light  transmitted  by  one 
of  the  absorption  cells  when  filled  with  water  is  taken  as  / o-  1  he 
light  transmitted  by  a  solution  of  riboflavin  is  measured  and 
represented  by  h.  The  light  transmitted  by  the  riboflavin  solu- 
tion  after  the  reduction  of  the  riboflavin  is  represented  by  12. 
Thus  applying  Beer’s  and  Lambert’s  laws  and  correcting  for  the 
per  cent  reduction  and  dilution,  the  following  formula  was  ar¬ 
rived  at  and  employed  in  the  calculations: 

Micrograms  of  riboflavin  per  gram  = 

[” 36.7  log  £  -  36.7  (log  £)  (1 .0333)]  1 .036  X  20 

0790 

Jo  =  blank  reading 
/,  =  initial  reading 

J2  =  reduced  reading  , 

1 . 0333  =  dilution  due  to  addition  of  0 . 6  ml.  of  sodium  ny- 
drosulfite 

1.036  =  correction  for  pH  reading  of  3.5  to  4.0 
20  =  sample  dilution 

0.90  =  correction  for  90  per  cent  reduction  .... 

30  7  —  absorption  coefficient  obtained  in  standardizing  the 
photoelectric  photometer 

The  above  formula  may  be  condensed  to  the  following  form 
for  simplification  of  calculations: 

Micrograms  of  riboflavin  per  gram  = 

36.7  X  1.036  X  20  j  log  —  j]og  ^  (1.0333)]  | 

“  5790 
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Micrograms  of  riboflavin  per  gram  = 

844.9  [log  g  -  Q  (1.0333)] 

Chick  and  Hen  Bioassays 

Chick  and  hen  bioassays  were  also  conducted  on  several 
of  the  yeasts.  In  assaying  the  yeasts  with  chicks  the  follow¬ 
ing  procedure  was  followed: 

A  basal  diet  low  in  riboflavin  but  complete  in  other  known 
factors  was  supplemented  with  the  yeast  to  be  assayed.  As  a 
positive  control  a  standard  dried  skim  milk  was  used,  which  pre¬ 
viously  had  been  assayed  biologically  as  well  as  chemically.  It 
was  fed  at  different  levels  in  order  to  increase  the  accuracy  of  com¬ 
parison  with  the  yeast  groups.  The  quantity  of  riboflavin  present 
in  the  different  yeasts  was  determined  by  comparison  of  the 
growth  responses  of  the  chicks  fed  the  yeast  with  those  fed  the 
dried  skim  milk.  Knowing  the  quantity  of  riboflavin  added  by 
the  standard  dried  skim  milk,  the  quantity  present  in  the  yeast 
could  be  calculated. 

The  method  of  determining  values  in  the  hen  bioassays  was 
the  same  as  that  used  in  the  chick  bioassays,  except  that 
hatchability  instead  of  growth  was  used  as  the  criterion. 

Rat  Assays 

The  rat  assay  values  are  those  reported  from  the  laboratory 
supplying  samples.  They  were  determined  by  the  regular 
Bourquin  and  Sherman  procedure  for  vitamin  G. 

Results 

Using  the  chemical  procedure  described,  the  riboflavin  con¬ 
tent  of  numerous  samples  of  yeast  and  yeast  products  was 
determined.  Table  I  shows  the  close  agreement  obtained 
by  this  method,  and  indicates  that  it  is  possible  to  obtain 
duplicate  results  and  that  the  range  of  variation  is  very  narrow. 

In  Table  II  are  given  the  riboflavin  values  of  yeast  and  yeast 
products  as  determined  chemically  as  well  as  biologically. 
The  chemical  analysis  is  expressed  in  micrograms  of  riboflavin 
per  gram  of  sample  as  measured  by  the  procedure  herein  de¬ 
scribed.  The  rat  assay  is  expressed  in  Bourquin  and  Sherman 
units,  while  the  chick  and  hen  bioassays  are  expressed  in 
micrograms  of  riboflavin  per  gram  of  sample. 


Table  I.  Agreement  of  Results  of  Riboflavin  Determina¬ 
tions  by  Photometric  Method 

Determination 

No.  Sample  4  Sample  1 

Micrograms  per  gram  of  yeast 


1  10.9  49.7 

2  12.1  51.5 

3  11.5  49.6 

4  10.9  49.2 

5  11.5  50.2 

6  11.5  50.2 

7  11.5  50.2 

8  10.9  49.6 

9  11.5  51.5 


Av.  11 

.25  -  0.35  +  0. 

85  50.19  - 

0.99  +  1. 

Table  II.  Riboflavin  Content  of  Yeast  and  Yeast 

Sample 

No. 

Rat  Assay 

Products 

Chemical 

Analysis 

Chick 

Bioassay 

Hen 

Bioassay 

1 

Bourquin  and 
Sherman  units 

6 

x - Micrograms  per  gram- 

Yeast  Feeds 

8.5  7.0 

2 

6-7 

9.2 

9.3 

8.4 

3 

11.1 

10.0 

4 

7  + 

11.2 

12.0 

10.2 

5 

7  + 

13.8 

13.0 

12.5 

1 

35- 

Primary  Yeasts 
34.2 

35.0 

2 

35 

49.5 

48.0 

3 

35 

53.0 

60.0 

4 

42 

57.2 

55.0 

1 

20  + 

Residual  Yeasts 
50. 1 

43.0 

45.0 

2 

20  + 

50.3 

55.0 

Table  III  shows  the  wide  variations  in  riboflavin  content  of 
different  yeasts.  Primary  yeasts  in  general  have  a  higher 
riboflavin  content  than  residual  yeasts.  The  riboflavin  content 
of  the  yeast  concentrates  is  determined  by  the  degree  of  con¬ 
centration. 


Table  III.  Variations  in  Riboflavin  Content  of  Yeasts 


Sample  No. 

Rat  Assay 

Bourquin  and  Sherman 

Chemical  Analysis 

units  per  gram 
Primary  Yeasts 

Micrograms  per  gram 

i 

35- 

34.2 

2 

35 

49.5 

3 

35 

52.2 

4 

42 

57.2 

5 

35 

60.9 

6 

40-50 

68.4 

7 

60 

74.4 

8 

50-60 

Residual  Yeasts 

78.2 

1 

15-18 

34.2 

2 

20  + 

38.8 

3 

20  + 

44.3 

4 

20  + 

50.1 

5 

30 

Yeast  Concentrates 

60.2 

1 

60 

105.4 

2 

91 

146.8 

Discussion 

The  bioassays  with  chicks  and  hens  are  in  general  agree¬ 
ment  with  those  obtained  photochemically.  The  different 
samples  of  yeast  have  wide  variations  in  their  riboflavin  con¬ 
tent — for  example,  the  primary  yeasts  show  values  ranging 
from  34.2  to  78.2  micrograms  of  riboflavin  per  gram.  This 
indicates  the  importance  of  knowing  the  potency  of  the  yeasts, 
especially  when  they  are  used  in  quantitative  experiments. 

Further  analysis  of  the  data  reveals  that  no  single  conversion 
factor  for  yeasts  can  be  employed  to  convert  Bourquin  and 
Sherman  units  into  micrograms  of  riboflavin  as  determined  by 
the  photometric  method  here  employed.  This  is  probably 
because  of  the  variation  in  different  yeasts  of  some  factor  or 
factors  which  affect  growth  and  hence  the  results  obtained  by 
means  of  the  biological  assay.  In  general,  residual  yeasts 
give  a  conversion  factor  of  approximately  2.0  micrograms  of 
riboflavin  per  Bourquin  and  Sherman  unit,  while  primary 
grown  yeasts  have  a  conversion  factor  of  approximately  1.3 
micrograms.  The  yeast  feeds  studied  appear  to  act  like 
primary  grown  yeasts  with  respect  to  the  conversion  factor. 

The  practical  importance  of  the  photochemical  method 
for  determining  the  quantity  of  riboflavin  present  in  yeast 
and  yeast  products  is  based  upon  the  fact  that  it  is  relatively 
inexpensive,  is  not  difficult  nor  complex,  and  determinations 
can  be  made  in  a  relatively  short  period  of  time. 

Summary 

A  photochemical  method  for  the  determination  of  riboflavin 
in  yeast  and  yeast  products  is  presented.  The  photochemical 
and  biological  evaluations  of  riboflavin  in  yeasts  and  yeast 
products  were  in  general  agreement.  Wide  variations  were 
found  in  the  riboflavin  content  of  different  samples  of  yeast. 
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Determination  of  Rotenone  in  Derris  Root 

TH.  M.  MEIJER  AND  D.  R.  KOOLHAAS 
Laboratory  for  Chemical  Research,  Buitenzorg,  Java,  Netherlands  Indies 


THE  analysis  of  derris  and  cube  root  for  commercial  pur¬ 
poses  has  been  a  source  of  unpleasant  experience.  A 
number  of  claims  have  risen  owing  to  the  different  methods 
used  by  various  laboratories,  and  the  difficulty  of  sampling 
this  material  has  also  caused  trouble.  The  present  article 
deals  with  results  obtained  by  the  methods  now  in  use  for 
the  estimation  of  rotenone  and  presents  an  illustration  of  the 
different  results  which  may  be  obtained  when  a  sample  of 
powdered  derris  root  is  analyzed  by  various  laboratories. 

Early  in  1937  a  sample  of  powdered  derris  root  from  a  well- 
mixed  lot  was  sent  by  the  director  of  the  Netherlands  Indies 
Government  Plantations  at  Batavia  to  a  number  of  labora¬ 
tories  throughout  the  world,  which  deliver  certificates  on  the 
analysis  of  derris  and  cube  root,  in  order  to  compare  the  re¬ 
sults  and  to  get  information.  Since  that  time  methods  have 
been  improved.  Table  I  gives  the  outcome  of  this  experi¬ 
ment,  and  shows  that  differences  of  about  4  per  cent  in  the 
nominal  value  of  the  rotenone  content  may  occur.  It  is 
curious  to  note  the  great  differences  in  the  moisture  content 
found  by  these  laboratories;  the  total  ether  extract  does  not 
show  such  differences.  This  undesirable  variation  can  be 
changed  only  by  the  adoption  of  a  uniform  method  of  analysis. 

The  authors  have  studied  and  compared  the  methods  pro¬ 
posed  for  the  determination  of  rotenone  in  derris  roots,  and 
found  that  a  number  of  them  give  results  concordant  with 
the  method  used  in  their  laboratory.  They  are  convinced 
that  all  methods  in  which  extraction  is  complete  and  sufficient 
attention  is  paid  to  the  crystallization  of  rotenone  or  the 
rotenone-carbon  tetrachloride  solvate  should  give  practically 
equal  results.  Suitable  solvents  for  extraction  are  ether, 
benzene,  chloroform,  ethyl  acetate,  and  trichloroethylene. 
Carbon  tetrachloride  should  not  be  used,  especially  for  samples 
with  a  high  rotenone  content,  as  Seaber  (13)  and  Jones  (7) 
have  shown.  For  a  comparison  of  a  few  methods  of  analysis 
an  article  by  Braak  ( 1A )  should  also  be  consulted. 

Jones  and  his  co-workers  (3,  5,  7)  have  extensively  studied 
the  use  of  various  solvents  for  extraction  and  the  conditions 
for  the  best  crystallization  of  rotenone  from  carbon  tetra¬ 
chloride. 


Table  I.  Rotenone  Determination 


Laboratory 

Moisture 

Total  Ether 
Extract  on  Dry- 
Matter  Basis 

Rotenone 
on  Dry-Matter 
Basis 

% 

% 

% 

A 

6 

18.2 

8.1 

B 

11.32 

19.35 

8.59 

C 

10.4 

19.1 

9.75 

D 

9.4 

17.9 

7.67 

E 

9.3 

18.95 

8.39 

F 

9.9 

19.2 

7.5 

G 

5.15 

18.8 

10.3 

H 

7.18 

18.13 

6.34 

I 

9.6 

19.16 

9.8 

Procedure 

The  following  method  (8)  has  been  in  use  in  this  laboratory 
for  some  time,  during  which  a  few  thousand  samples  have  been 
analyzed.  At  least  75  per  cent  of  the  powdered  root  used  for 
analysis  must  pass  an  80-mesh  sieve. 

Extraction.  Fifty  grams  of  powder  are  percolated  with  ether 
in  a  Soxhlet,  without  a  thimble  but  with  cotton  wool  at  the 
bottom,  for  65  hours.  The  heat  used  for  boiling  the  ether  comes 
from  a  60- watt  electric  bulb.  During  the  extraction  rotenone 
separates  against  the  wall  of  the  flask  in  the  case  of  a  sample 
with  high  rotenone  content. 


Distilling  Off  the  Solvent.  The  ether  is  distilled  off  in  a 
100-cc.  centrifuge  tube  on  a  water  bath;  the  tube  is  filled  with 
the  ether  solution  by  means  of  a  dropping  funnel.  The  rotenone 
which  may  have  separated  during  the  extraction  is  transferred 
quantitatively  to  the  tube,  and  the  flask  is  rinsed  out  with  ether 
a  few  times.  The  final  solution  in  the  tube  must  be  25  cc.  The 
tube  is  then  tightly  closed  with  a  cork. 

Crystallization  of  Rotenone.  To  assure  complete  crystal¬ 
lization,  the  tube  with  the  ether  extract  is  kept  at  room  tempera¬ 
ture  for  1  day  and  then  in  a  refrigerator  for  2  days.  The  mother 
liquor  is  poured  into  a  50-cc.  Erlenmeyer  flask  and  the  remaining 
crude  rotenone  is  broken  up  with  a  spatula,  with  the  addition  of 
10  to  15  cc.  of  ether. 

The  tube  and  the  Erlenmeyer  flask  are  closed  with  a  cork  and 
placed  in  the  refrigerator  for  another  day. 

Determination  of  Rotenone.  The  rotenone  is  centrifuged 
in  a  laboratory  centrifuge  (Cenco)  for  3  to  5  minutes  at  3500 
revolutions  per  minute,  and  the  supernatant  liquor  is  added  to 
the  mother  liquor  in  the  Erlenmeyer  flask.  The  centrifuge  tube 
with  the  crude  rotenone  is  dried  for  10  minutes  in  a  water  bath 
at  70°  C.,  and  after  a  slow  current  of  air  has  been  passed  into  the 
tube,  it  is  dried  in  vacuo  on  a  boiling  water  bath  for  15  minutes. 
After  cooling  in  a  desiccator  the  tube  is  weighed. 

Calculations.  The  difference  in  weight  between  the  tube 
with  crude  rotenone  and  the  empty  tube  gives  the  amount  of 
crude  rotenone  in  50  grams  of  powder. 

The  purity  of  the  crude  rotenone  is  determined  by  the  melting 
point,  using  an  empirical  table  in  which  the  correlation  between 
the  purity  and  melting  point  is  given.  If  the  melting  point  is 
lower  than  140°  C.,  the  mass  in  the  centrifuge  tube  is  treated  with 
another  10  cc.  of  ether,  centrifuged,  and  dried,  and  the  melting 
point  is  again  determined. 

However,  sometimes  substances  other  than  rotenone,  possess¬ 
ing  a  melting  point  very  near  to  rotenone  (11),  may  separate  from 
the  ether  extract.  Therefore  the  authors  determine  the  optical 
rotation,  from  which  the  purity  of  rotenone  can  also  be  deter¬ 
mined  (IS).  A  correction  is  made  for  the  amount  of  rotenone 
dissolved  in  the  ether  of  the  mother  liquor  and  the  ether  used  for 
washing.  For  each  cubic  centimeter  of  ether  used  4.2  mg.  of 
rotenone  are  added  to  the  amount  of  pure  rotenone.  This  multi¬ 
plied  by  2  gives  the  percentage  of  pure  rotenone  in  the  powder. 

The  degree  of  purity  when  determined  by  the  melting  point  is 
generally  higher  than  when  determined  by  polarization  or  alcohol 
recovery. 

If  rotenone  has  separated  from  the  mother  liquor  to  which  the 
wash  ether  has  been  added,  after  standing  in  the  refrigerator  for 
another  night,  it  is  centrifuged  off  and  added  to  the  crude  rote¬ 
none.  This  is  often  the  case  with  samples  which  contain  a  small 
amount  of  rotenone  and  a  great  deal  of  ether  extract. 

Determination  of  Ether  Extract.  The  amount  of  mother 
liquor  in  the  Erlenmeyer  flask  is  first  determined  in  a  measuring 
cylinder  and  then  poured  into  a  500-cc.  round-bottomed  flask  of 
known  weight.  The  Erlenmeyer  flask  and  the  measuring  cylinder 
are  rinsed  out  with  ether,  which  is  also  added  to  the  bulk. 

The  ether  is  distilled  off  on  a  water  bath,  and  the  last  traces  are 
removed  in  a  vacuum  in  a  water  bath  not  exceeding  40°  C.  The 
contents  of  the  flask  are  blown  up  to  a  voluminous  mass,  and 
placed  in  a  desiccator  over  lime  for  2  days,  after  which  time  con¬ 
stant  weight  has  been  reached. 

The  difference  in  weight  between  the  flask  with  resin  and  the 
empty  flask  gives  the  amount  of  resin.  To  this  the  amount  of 
crude  rotenone  is  added,  giving  the  ether  extract  in  50  grams  of 
the  sample.  The  percentage  of  ether  extract  in  the  sample  is 
found  by  multiplying  the  last  figure  by  2. 

Determination  of  Moisture  Content.  The  moisture  con¬ 
tent  of  powdered  derris  root  is  determined  by  drying  an  accu¬ 
rately  weighed  2-  to  3-gram  sample  to  constant  weight  in  an 
electric  oven  at  105°  C.  From  the  loss  in  weight  the  moisture 
content  can  be  easily  calculated. 

Determination  of  Rotenone  Present.  Although  the 
figures  obtained  by  this  method  in  many  cases  are  higher  than 
those  found  by  other  laboratories,  not  all  of  the  rotenone  can 
be  removed  from  the  extract  by  crystallization.  In  order  to 
get  an  idea  to  what  extent  rotenone  can  be  extracted  from  this 
so-called  derris  resin,  this  resin  has  been  fractionated  in  vari¬ 
ous  ways.  One  of  these  efforts  was  the  following: 
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The  resin  of  the  50-gram  sample  as  it  is  obtained  from  the 
analysis  is  boiled  under  reflux  in  a  500-cc.  round-bottomed  flask 


Table  II.  Rotenone  Present  in  Resin 

Rotenone 
in  Resin 
Compared 

Originally  Found  with 

in  100  Grams  Amount 


of  Air-Dried  Root 

Rotenone  Found  in 

Originally 

Sample 

Rotenone 

Resin 

Resin 

Found 

Grams 

Grams 

Grams 

% 

% 

DL.84 

7.6 

7.7 

0.62 

8.1 

8.2 

DO. 18 

11.3 

10.8 

0.58 

5.4 

5.1 

P.171 

9.7 

7.4 

0.63 

8.5 

6.5 

D0.155A 

11.6 

10.5 

0.94 

9.0 

8.1 

P.133/139 

4.0 

6.9 

0.18 

2.6 

4.5 

D0.155B 

12.6 

17.1 

1.44 

8.5 

14.3 

DL.203 

1.4 

20.4 

2.00 

9.9 

143 

DO. 19 

8.1 

13.9 

0.87 

6.3 

10.8 

DL.205 

12.8 

15.2 

1.31 

8.6 

10.2 

KdE.5 

1.0 

12.6 

0.17 

13.5 

17.0 

P.234 

7.0 

11.1 

0.82 

15.9 

11.7 

KdE.4 

1.1 

13.1 

1.31 

10.0 

119.0 

P.223/33 

5.4 

8.8 

0.26 

3.0 

4.8 

Kdj.3 

8.5 

9.4 

0.41 

4.4 

4.8 

with  100  cc.  of  petroleum  ether  (b.  p.  60-80°  C.).  This  is  de¬ 
canted  after  cooling  and  the  residue  boiled  with  100  cc.  of  cyclo¬ 
hexane. 

This  also  is  decanted  and  the  remaining  sticky  mass,  after  re¬ 
moving  the  last  traces  of  cyclohexane  in  a  vacuum  on  a  water 
bath,  is  dissolved  in  the  smallest  possible  amount  of  carbon  tetra¬ 
chloride.  In  all  cases  the  authors  noticed  separation  of  the  rote- 
none-carbon  tetrachloride  solvate;  this  was  then  placed  in  the 
refrigerator  for  one  night  and  the  solvate  was  collected,  washed 
with  carbon  tetrachloride  saturated  with  rotenone  at  0°  C.,  dried, 
and  weighed.  The  purity  was  determined  by  polarization. 

Table  II  gives  the  amounts  of  rotenone  which  were  found 
in  the  resin. 

The  amount  of  rotenone  still  present  in  the  resin  is  consider¬ 
able  especially  in  cases  of  low  rotenone  content  and  high 
ether  extract.  The  mean  of  all  the  determinations  shows 
that  the  quantity  of  rotenone  present  in  the  resin  amounts  to 
9  per  cent  of  the  quantity  originally  found,  leaving  out  of 
consideration  the  excessive  value  of  samples  DL.203  and 


Table  III.  Determination  of  Rotenone 


Pure  Rotenone 

Rotenone- 

by  Koolhaas 

Rotenone  by  Jones-Graham  Method 

Total 

Ether 

Method 

Crude 

Rotenone  by  Seaber  Method 

Ether 

Extract 

Sample 

i 

II 

Pure 

I  -  II 

Crude 

Pure 

Extract 

Ratio 

% 

% 

% 

% 

% 

% 

% 

% 

DO. 155 

n.ii 

11.3/ 

11.2 

10.61 

10.6110.6 

9.9’ 

9.9 

9.9 

0.6 

”>.9 

IS:!}10-1 

24.5 

46 

10.6] 

9.9, 

I 

DL.1228/36 

9.11 

8.8/ 

8.9 

8.31 

8.2, 

|  8.3 

-0.2 

1.1}  91 

1:1}  8-5 

21.3 

42 

Gemengd 

3.01 

3.0/ 

3.0 

1:8} 30 

2.8’ 

2.9, 

[  2.9 

1:1}  3.! 

1:8} 30 

8.2 

38 

SO.509A 

9.21 

9.0/ 

9.1 

1:1} 90 

8.4 

8.1, 

|  8.3 

0.1 

8.6 

8.2 

22.5 

40 

SO.509B 

9.51 

9.2/ 

9.4 

1:1} 89 

8.1' 

8.3, 

|  8.2 

0.5 

8.9 

8.3 

22.3 

42 

DL.2179 

9.91 

10.4/ 

10.2 

10.2 

9.7 

10.4 

10.0 

22.8 

44 

P.957 

|-4l 

8.4 

8.4 

7.8 

20.0 

42 

8.4  / 

P.958 

8.51 

8.3 

8.4 

7  7 

—  0  1 

20.0 

41 

8.1/ 

P.1001 

9.91 

9.7 

9  9 

q  3 

—  0  2 

22.7 

43 

9.6  / 

P.1006 

8.61 

8.8 

8.5 

8.1 

0  3 

20.3 

43 

9.0/ 

-0.6 
—  0  3 

24.6 

37 

P.1050 

P.1160 

P.1213 

9.2 

6.2 

6.5 

9.8 

6.5 

6.7 

9.4 

6.2 

6.0 

17.0 

36 

-0.2 

16.8 

39 

P.936 

9.9 

lo:t}]°-5 

Q  Q 

-0.6 

23.9 

42 

P.1265 

8.6 

10.0 

11.3 

9.8 

9.5 

10.3 

11.4 

9.3 

9.0 

9.8 

11.0 

8.9 

-0.9 

0  3 

22.1 

22.6 

39 

44 

P.1271 

—  0  1 

25.3 

45 

P.1277 

O  Ft 

22.7 

43 

P.1290 

P.1291 

7 . 8\ 

'  7.9 

8.8 

8.2 

—  0  9 

21.6 

37 

8 . 0  j 

P.1243 

11.6 

3.8 

11.7 

12.4 

3.9 

11.8 

11.4 

3.6 

11.3 

-0.8 
—  0  1 

28.4 

41 

9.3 

41 

P.1285 

-0.1 

26.5 

44 

P.1296 

P.901 

10.1 

1: ?}  9-° 

8.3 

1  1 

21.1 

48 

1.0 

19.3 

47 

D0.83 

8.0 

7.7 

9.41 

8.9, 

9.0 

21.5 

43 

P.845 

1:1}  83 

7.8 

0.9 

|  9.2 

P.863 

9.3 

8.9 

8.4 

6.8 

2.1 

9.9 

5.6 

9.1 

6.4 

14.8 

8.7 

8.4 

8.0 

6.5 

0.4 

-0.6 

0  s 

20.7 

45 

21.8 

36 

P.1310 

7.8 

18.5 

35 

P.1313 

6. 5 

n  4 

6.7 

37 

P.1300 

2. 5 

9.3 

5.1 

8.4 

6.0 

14.3 

8.2 

n  4 

20.5 

50 

Kdj.34 

10  3 

n  4 

18.0 

29 

KdE.33 

5.2 

o  5 

22.1 

43 

P.1339 

9.6 

0  3 

15.2 

40 

P.1340 

6. 1 

33.7 

44 

DL.2229 

14.8 

—  0  2 

21.2 

40 

P.1345 

8. 5 

P.1298 

11.2 

lS>-3 

9.8 

0.9 

22.9 

49 

18.2 

47 

P.1377 

P.1321 

8.5 

5.1 

8.5 

5.3 

8.3 

4.9 

9.6 

5.8 

1.9 

0.7 

2.6 

—  6.2 

12.9 

21.8 

40 

45 

P.1361 

9.9 

9.9 

6.1 

0  1 

18. 1 

33 

DN.13 

6.0 

-oh 

5.9 

32 

DN.14 

1 . 9 

2 . 0 

0.8 

2.8 

2.8 

29 

DN.15 

0.8 

-o.T 

8.6 

32 

DN.16 

2.7 
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KdE.4.  In  the  method  proposed  by  Jones  and  Graham  ( 6 ) 
an  excess  of  rotenone  would  be  added  to  the  extract  in  the 
case  of  such  low-rotenone  samples  as  DL.203,  KdE.5,  and 
KdE.4  in  an  effort  to  induce  more  complete  crystallization. 

The  amounts  of  rotenone  which  could  be  detected  in  this 
way  do  not  represent  all  the  rotenone  that  was  present  in  the 
resin,  for  although  petroleum  ether  and  cyclohexane  are  poor 
solvents  for  rotenone,  considerable  rotenone  will  dissolve  in  a 
solution  of  the  resin  in  one  of  these  solvents. 

The  amount  of  rotenone  present  in  the  resin  may  also  be  deter¬ 
mined  by  means  of  a  chromatogram.  About  2.5  grams  of  the 
resin  are  dissolved  in  25  cc.  of  benzene  and  this  solution  is  passed 
through  a  column  15  cm.  long  and  2  cm.  in  diameter,  filled  with 
Frankonit  KL  (an  activated  fuller’s  earth  of  the  Pfirschinger 
Mineralwerke,  Kitzingen-am-Main,  Germany).  This  adsorbate 
contains  traces  of  iron  that  can  be  noticed,  owing  to  the  different 
colors  that  the  phenolic  substances  present  in  the  resin  give  with 
iron  salts.  The  authors  noticed  a  deep  green  color  at  the  top  layer, 
probably  due  to  toxicarol-like  substances,  a  brown-purplish 
color  next  to  it,  which  may  be  caused  by  sumatrol,  followed  by  a 
yellowish-green  zone.  This  chromatogram  is  developed  with 
benzene  until  the  yellowish-green  zone  is  washed  out.  The  solu¬ 
tion  in  the  suction  flask,  which  is  only  slightly  yellow,  is  evapo¬ 
rated  to  dryness,  and  the  last  traces  are  removed  in  a  vacuum. 
The  residue  is  dissolved  in  the  smallest  possible  amount  of  car¬ 
bon  tetrachloride,  and  worked  up  in  the  well-known  way.  The 
amount  of  rotenone  obtained  in  this  way  was  of  the  same  order 
of  magnitude  as  in  the  previous  determination. 

Comparison  of  Methods 

Jones  and  Graham  (6)  have  proposed  a  method  for  the 
determination  of  rotenone  in  derris  and  cube,  in  which  the 
powdered  root  is  extracted  with  chloroform  and  rotenone  is 
determined  by  means  of  its  carbon  tetrachloride  solvate. 
Similar  methods  have  previously  been  described  in  the  litera¬ 
ture.  Chloroform  has  been  used  as  a  solvent  by  Danckwortt 
and  Budde  {2),  Rowaan  {12),  Beach  (7),  and  Seaber  {IS), 
and  gives  practically  complete  extraction  at  room  temperature. 
The  chloroform  extract  is  about  equal  to  the  benzene  extract 
(7).  Therefore  “the  total  extract  content”  represents  the 
total  amount  of  extractives  obtained  by  one  of  these  three 
solvents,  which  for  chloroform  is  the  cold  extractive  con¬ 
tent.  The  extra  determination  of  the  ether  extract  is  un¬ 
necessary  when  chloroform  and  benzene  have  been  used  as 
solvents. 

The  authors  have  analyzed  40  samples  of  derris  root  of 
varying  composition  according  to  their  method  and  the 
method  of  Jones  and  Graham.  The  first  six  samples  were 
also  analyzed  by  Seaber ’s  method  {18). 

Table  III  shows  that  values  for  pure  rotenone  according 
to  the  authors’  method  are  practically  equal  to  those  for  crude 
rotenone  according  to  Jones  and  Graham.  The  mean  dif¬ 
ference  for  35  analyses  amounted  to  only  —0.04  per  cent. 

Samples  P.1001,  P.1050,  P.936,  P.1265,  P.1290,  KdE.33, 
DL.2229,  and  P.1345  consisted  of  powder  about  80  to  90 
per  cent  of  which  passed  a  200-mesh  sieve,  whereas  of  the 
other  samples  at  least  75  per  cent  passed  an  80-mesh  sieve. 
In  all  these  cases,  except  P.1290,  the  Jones-Graham  values 
for  the  crude  rotenone  content  are  higher  than  or  equal  to 
the  authors’  values  for  pure  rotenone.  This  indicates  that 
the  extraction  of  the  very  fine  powder  is  much  more  effec¬ 
tive. 

In  order  to  investigate  the  influence  of  the  fineness  of  the 
powder  the  authors  analyzed  a  few  samples  of  derris  root  which 
were  first  ground  to  such  a  fineness  that  at  least  75  per  cent 
passed  an  80-mesh  sieve.  An  average  sample  was  taken  and 
then  the  remaining  powder  was  again  ground  to  such  fineness 
that  at  least  75  per  cent  passed  a  200-mesh  sieve.  With  this 
operation  a  considerable  loss  takes  place,  as  is  shown  by  the 
last  column  of  Table  IV.  The  loss  is  mainly  due  to  the  very 
fine  dust  during  grinding  in  the  disintegrator;  this  dust  has  the 


Table  IV. 

Effect  of  Fineness 

of  Powder 

Chloro¬ 

Loss  of 

Rotenone  Content 

Ether 

form 

Material 

Koolhaas 

Jones-Graham 

Extract 

Extract 

on  Grind¬ 

80- 

200- 

80- 

200- 

80- 

200- 

200- 

ing  to 

Sample 

mesh 

mesh 

mesh 

mesh 

mesh 

mesh 

Mesh 

200-Mesh 

% 

% 

% 

% 

% 

% 

% 

% 

DO. 155 

11.2 

14.6 

9.9 

12.1 

24.8 

31.3 

. . 

7.4 

P.901 

10. 1 

8.3 

8.2 

21.1 

20.9 

4. 1 

P.1298 

11.2 

9.8 

9.5 

22.9 

22.2 

DL.2179 

10.2 

13.'  8 

9.7 

12.0 

22.8 

30.6 

13.3 

P.1277 

11.3 

11.0 

12.9 

25.3 

31.4 

33 '6 

13.3 

P.1285 

3.8 

3.6 

5.6 

9.3 

15.8 

17.2 

14.6 

P.1313 

6.5 

6.5 

8.8 

18.5 

26.3 

28.7 

16.2 

P.1339 

9.6 

8.4 

9.5 

20.5 

26.3 

30.3 

8 . 5 

Table  V. 

Comparison  of  Methods 

Puritv  of  CCh  Solvate 

, - Rotenone  Content — - 

Titra- 

Polariza- 

Alcohol 

Titra- 

Polariza- 

Alcohol 

Sample 

tion 

tion 

recovery 

tion 

tion 

reoovery 

% 

% 

% 

D0.155 

66.3 

67.8 

64.5 

12 . 6  \  1  g,  7 

12.9\12  7 

12.3/ 

12. 1 

66.7 

67.6 

64.5 

12.3/  1 

12.5/  ' * 

11.9/ 

P.  901 

63.7 

67.0 

63.9 

8-3\  R  3 

ID  8  7 

8.31 

<  8.2 

65.7 

67.6 

63.7 

8.4] 

8.7/  °  ‘ 

8.2J 

P.1298 

66.2 

65.7 

64.4 

9-71  9  8 

o'q)  9-7 

9.41 

.  9.5 

67.3 

66.3 

64.6 

9.9/  90 

9.8/ 

9.5J 

DL.2179 

67.4 

67.4 

64.9 

12.f\l2  4 

}2-®\l2  5 

12.11 

►  12.0 

66.7 

67.6 

64.1 

12.3/ 

12.5/ 

11. 8J 

P.1277 

64.9 

67.6 

67.5 

1  2 . 6\  1  r>  7 

}\l3.1 

13.11 

ll2.9 

67.5 

68.7 

66.7 

12.8/ 

13.1/ 

12. 7J 

P.1285 

66.0 

66.1 

66.4 

a  fi 

5  6 

5.61 

\  5.6 

66.8 

67.6 

66.6 

5.6/  00 

5.7/ 

5. 6j 

I 

P.1313 

66.9 

67.4 
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8-  a  q 

n'Rl  9  0 
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t  8.8 

66.2 

67.0 

62. 1 

8.9/  89 

9.0/  au 

8.4, 

f 

P.1339 

65.7 

67.4 

64.5 

9-91  9  7 

Bio.  i 

9.7' 

\  9.5 

63.9 

67.8 

62.9 

9.5 /  9-' 

10.1/ 

9.4, 

I 

highest  rotenone  content.  The  figures  obtained  by  the 
analysis  of  the  remaining  powder  will  therefore  be  rather  too 
low  than  too  high. 

In  most  cases  the  influence  of  the  fineness  of  the  powder  is 
very  great.  The  increased  rotenone  content  of  the  powder 
goes  parallel  with  an  increased  ether  extract.  It  is  remark¬ 
able  that  in  samples  P.901  and  P.1298  this  effect  of  the 
greater  fineness  is  not  noticed;  the  difference  may  be  caused 
by  the  structure  of  the  root,  probably  depending  on  the  age 
of  the  root,  so  that  the  cells  are  more  or  less  easily  pene¬ 
trated  by  the  solvent. 

Lately  Jones  U)  has  published  a  titrimetric  step  in  the 
determination  of  rotenone.  The  carbon  tetrachloride  solvate 
is  converted  into  the  solvate  of  dichloroacetic  acid,  containing 
1  mole  of  rotenone  to  1  of  acid  and  titrated  with  standard 
alkali.  The  authors  have  analyzed  a  series  of  samples  accord¬ 
ing  to  this  method  and  have  also  determined  the  purity  of  the 
carbon  tetrachloride  solvate  as  in  the  Jones-Graham  mode  of 
analysis  by  alcohol  recovery  and  by  polarization,  dissolving 
0.5  gram  of  the  carbon  tetrachloride  solvate  in  25  cc.  of  ben¬ 
zene  and  determining  the  optical  rotation  in  a  1-dm.  tube. 
From  this  the  specific  rotation  is  calculated;  the  figure  ob¬ 
tained  divided  by  the  specific  rotation  of  rotenone  X  100  gives 
the  purity  of  the  solvate. 

In  Table  V  the  purities  of  the  solvates  found  by  the  three 
methods  are  compared  and  the  rotenone  contents  of  the 
samples  of  derris  root  investigated  are  given.  All  analyses 
were  done  in  duplicate. 

According  to  Table  V  there  is  very  little  difference  in  the 
purity  of  the  carbon  tetrachloride  solvate  as  determined  by 
the  three  methods;  the  alcohol  recovery  generally  gives  the 
lowest  values  and  the  polarization  the  highest,  while  the  titra¬ 
tion  keeps  the  middle.  The  rotenone  contents  calculated 
from  these  purities  also  show  but  small  differences. 

If  the  rotenone  is  not  very  pure  and  contains  about  20 
per  cent  of  other  substances,  which  is  very  often  the  case  in 
the  ether  method  previously  described,  the  titration  method 
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cannot  very  well  be  used.  The  impurities  interfere  with  the 
crystallization  of  the  dichloroacetic  acid  solvate. 

As  the  determination  of  the  optical  rotation  of  the  carbon 
tetrachloride  solvate  in  the  Jones-Graham  method  of  analysis  is 
even  less  time-consuming  than  the  titration  and  the  outcome 
is  practically  the  same,  the  advantage  of  this  titration  method 
is  not  apparent  although  its  originality  is  acknowledged. 

Jones  and  Graham  ( 6 ),  discussing  the  difficulty  of  extrac¬ 
tion  when  the  ratio  of  rotenone  to  total  extractive  material 
is  40  per  cent  or  more,  state,  “Another  factor  that  appeared 
to  influence  the  ease  of  extraction  was  the  ratio  of  rotenone 
to  total  extractive  material.  In  samples  in  which  the  ratio 
of  rotenone  was  high,  extraction  was  difficult.  The  present 
method  will  give  satisfactorily  complete  extraction,  provided 
this  ratio  does  not  exceed  40  per  cent.  Fortunately  derris 
and  cube  samples  with  a  ratio  higher  than  this  are  rarely 
encountered.” 

The  last  column  of  Table  III  shows  that  many  of  the 
samples  analyzed  had  a  ratio  higher  than  40  per  cent.  Among 
the  derris  roots  grown  on  the  estates  of  Java  and  Sumatra 
these  ratios  are  not  at  all  rare  and  tons  of  such  roots  are 
available.  The  market  will  soon  get  used  to  these  types  of 
derris,  as  the  estates  tend  to  propagate  highly  selected  derris 
roots,  which  show  a  fairly  constant  composition  with  high 
ratio  of  rotenone  to  total  extractives  ( 9 ). 

For  derris  roots  with  such  a  high  ratio  of  rotenone  to 
total  extract,  Jones  and  Graham  recommend  four  successive 
treatments  of  the  powdered  roots  with  chloroform.  A 
less  time-consuming  procedure  probably  would  be  to  regrind 
the  roots  to  a  greater  fineness. 

Comparison  of  the  two  methods  leads  to  the  conclusion 
that  the  pure  rotenone  content  found  by  the  authors’  pro¬ 
cedure  is  practically  equal  to  the  crude  rotenone  content  by 
the  Jones-Graham  method.  The  rotenone  value  should  not 
be  lowered  by  applying  a  correction  for  the  purity  of  the 
crude  rotenone,  as  the  solvate  obtained  in  the  Jones-Graham 
method  is  already  fairly  pure.  As  the  rotenone  present  in 
the  resin  that  escaped  determination  amounted  to  at  least  9 
per  cent  of  the  estimated  rotenone  value,  the  authors  suggest 
using  the  crude  rotenone  content  by  the  Jones-Graham 
method  as  the  figure  for  rotenone  content. 

The  authors  have  also  endeavored  to  determine  the  “escaped 
rotenone”  in  the  resin  obtained  from  the  Jones-Graham 
method.  The  mother  liquor  of  the  crude  solvate  is  evapo¬ 
rated  to  dryness  and  the  last  traces  of  solvent  are  removed  in 
a  vacuum  on  a  water  bath.  The  residue  is  taken  up  in  25  cc. 
of  benzene  and  run  on  a  column  of  Frankonit  KL.  From  the 
result  the  rotenone  already  accounted  for  in  the  rotenone  con¬ 
tent  due  to  the  solubility  in  carbon  tetrachloride,  and  the 
rotenone  present  in  the  carbon  tetrachloride  saturated  with 
rotenone,  used  for  washing  the  solvate,  are  subtracted. 

This  was  done  in  two  cases:  In  sample  DN.13,  in  which  5.5 
per  cent  of  rotenone  was  found  with  the  Jones-Graham 
method,  0.65  gram  of  pure  rotenone  for  100  grams  of  root  was 
recovered.  In  sample  DN.16  with  2.5  per  cent  of  rotenone 
(Jones-Graham)  the  amount  of  “escaped”  rotenone  was  0.4 
gram  for  100  grams  of  root.  As  expected,  these  values  are 
of  the  same  magnitude  as  recorded  above  for  the  resin  using 
the  authors’  method. 

The  ether-extraction  method  as  described  has  certain  dis¬ 
advantages,  one  of  the  chief  of  which  is  the  length  of  time  re¬ 
quired.  This  has  been  partly  overcome  by  an  installation  in 
which  24  samples  can  be  analyzed  at  the  same  time. 

A  satisfactory  uniform  method  might  be  based  on  the 
Jones-Graham  method,  but  it  must  be  adapted  to  samples 
with  a  high  ratio  of  rotenone  to  total  extractives.  This  may 
be  done  by  grinding  the  samples  to  such  a  fineness  that  at 
least  75  per  cent  of  the  sample  passes  a  200-mesh  sieve  or  by 
extracting  the  root  several  times  with  chloroform. 


The  authors  propose  to  take  for  the  rotenone  content  the 
amount  of  crude  rotenone  as  it  may  be  calculated  from  the 
solvate. 

Moisture  Content  of  Powdered  Derris  and  Cube 

Root 

Jones  and  Graham  (5)  make  the  following  remark  with  re¬ 
gard  to  drying  samples  of  derris  at  a  high  temperature: 
“In  cases  in  which  a  preliminary  drying  has  been  made  the 
results  for  rotenone  have  usually  been  slightly  lower  than  on 
the  undried  root.  There  are  indications  also  that  drying 
renders  extraction  more  difficult.  Some  samples  were  dried 
at  100°  C.  and  others  at  50°  C.  under  vacuum.” 

The  authors  noticed  astonishing  effects  when  heating  pow¬ 
dered  derris  root  at  60°  and  80°  C.  (10).  Fifty-gram  samples 
of  a  lot  of  powdered  derris  root,  90  per  cent  of  which  passed  a 
200-mesh  sieve,  were  heated  at  60°  and  80°  C.  for  0.5,  1,  and 
2  hours.  The  samples  before  heating  contained  10.6  per 
cent  of  rotenone  and  23.6  per  cent  of  ether  extract.  Table  VI 
shows  the  results. 

It  is  obvious  from  these  figures  that  heating  the  sample  above 
50°  C.  before  analysis  in  order  to  diminish  the  moisture  con¬ 
tent  must  be  strongly  discouraged. 


Table  VI.  Effect  of  Drying 


Drying 

Rotenone 

Ether  Extract 

Hours 

% 

% 

At  40°  C. 

0.5 

10.6 

23.6 

2 

10.3 

23.0 

At  60°  C. 

0.5 

10.3 

23.0 

1 

9.6 

22.2 

2 

8. 1 

19.1 

At  80°  C. 

0.5 

6.2 

15.7 

1 

5.4 

14.6 

2 

5.2 

14.4 

Summary  and  Conclusions 

The  analysis  of  finely  powdered  derris  root  by  the  ether- 
extraction  method  has  been  compared  with  the  method  of 
analysis  proposed  by  Jones  and  Graham.  The  pure  rotenone 
content  by  the  former  method  was  equal  to  the  crude  rotenone 
of  the  latter.  In  samples  with  a  fineness  of  80  to  90  per  cent 
through  a  200-mesh  sieve  the  crude  rotenone  content  by  the 
Jones-Graham  method  was  generally  higher.  For  complete 
chloroform  extraction  of  samples  in  which  the  ratio  of  rote¬ 
none  to  total  ether  extract  exceeds  40  per  cent,  a  greater 
fineness  than  the  one  given  in  the  Jones-Graham  method  will 
be  required. 

The  purity  of  the  carbon  tetrachloride  solvate  as  it  is  ob¬ 
tained  in  the  Jones-Graham  method  is  determined  by  titra¬ 
tion  of  the  dichloroacetic  acid  solvate  into  which  it  has  been 
converted,  by  polarization,  and  by  alcohol  recovery.  Re¬ 
sults  by  these  three  modes  of  determination  did  not  differ 
greatly. 

A  method  has  been  devised  for  determining  the  rotenone 
in  the  resin  which  has  escaped  estimation,  involving  the 
passage  of  the  solution  of  the  resin  in  benzene  through  a 
column  of  Frankonit  KL.  From  a  number  of  samples  of 
resin  at  least  10  per  cent  of  the  original  rotenone  could  be 
recovered. 

Heating  derris  powder  at  60°  and  80°  C.  for  definite  periods 
considerably  lowered  the  rotenone  and  total  ether  extract 
contents. 
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Starch-Iodide  Method  of  Ozone  Analysis 

CLARK  E.  THORP 

Ozo-Ray  Process  Corporation,  Chicago,  Ill. 


POTASSIUM  iodide  has  been  used  as  a  reagent  for  the 
detection  of  ozone  for  more  than  97  years  (8).  While  a 
common  reagent  in  the  analysis  of  a  score  of  other  compounds, 
it  presents  a  number  of  disadvantages  in  ozone  analysis,  and 
for  this  reason  many  investigators  have  proposed  other  re¬ 
agents  ( 8 ,  4,  6).  Many  of  these  methods  have  been  used  in 
this  laboratory  and  found  satisfactory,  but  potassium  iodide  is 
preferred  whenever  a  quick  and  convenient  method  is  de¬ 
sired. 

Ozone  is  usually  determined  quantitatively  in  air  by  passing 
the  gas  through  a  neutral  solution  of  potassium  iodide,  acidi¬ 
fying  the  solution  with  acid,  and  titrating  the  free  iodine  with 
standardized  sodium  thiosulfate.  The  greatest  sensitivity 
that  could  be  attained  by  this  method  in  this  laboratory  was 
the  detection  of  0.0013  mg.  of  ozone  per  cc.  of  2  A  potassium 
iodide  solution. 

Air  containing  as  little  as  0.1  part  per  million  (by  weight) 
of  ozone  must  commonly  be  analyzed.  This  concentration 
required  that  9.9  liters  (0.35  cubic  foot)  of  air  be  passed 
through  each  cubic  centimeter  of  potassium  iodide  test  solu¬ 
tion  before  any  ozone  could  be  detected  by  the  above  method. 
For  quantitative  analysis,  therefore,  enough  air  should  be 
passed  through  the  sample  to  bring  the  error  down  to  less 
than  0.5  per  cent. 

Various  methods  have  been  tried  to  increase  the  sensitivity 
of  the  potassium  iodide  reaction  ( 2 ,  7) .  The  use  of  thiocya¬ 
nate  ions  as  described  by  Ernst  may  increase  the  sensitivity  of 
potassium  iodide  to  some  compounds,  but  was  found  by  the 
author  to  decrease  its  sensitivity  to  ozone.  Decrease  in  the 
pH  of  the  potassium  iodide  test  solution  decreases  the  sta¬ 
bility  of  the  solution  to  decomposition,  but  the  use  of  free 
acid  to  lower  the  pH  introduces  another  error  due  to  the  for¬ 
mation  of  hydrogen  dioxide.  This  sets  free  additional  iodine 
and  too  high  a  reading  is  obtained  ( 5 ) . 

The  use  of  a  buffer  solution  was  found  by  the  author  greatly 
to  increase  the  sensitivity  of  the  potassium  iodide  reaction 
without  introducing  an  error  such  as  is  caused  by  the  addition 
of  free  acid.  This  solution  consists  of  5  grams  of  aluminum 
chloride  hexahydrate  and  1  gram  of  ammonium  chloride, 
made  up  to  1  liter.  Five  cubic  centimetets  of  this  solution 
are  added  to  each  100  cc.  of  potassium  iodide  test  solution 
before  the  test  is  run.  The  solution  should  not  be  acidified 
during  the  titration. 

The  use  of  the  aluminum  chloride  solution  as  outlined  above 
will  give  a  minimum  sensitivity  of  0.00062  mg.  of  ozone  per 
cc.  of  potassium  iodide.  The  potassium  iodide  solution  so 
treated  will  have  a  stability  of  over  3  hours,  which  allows 
plenty  of  time  for  the  ordinary  analysis.  Exclusion  of  light 


from  the  solution  will  greatly  increase  stability.  Samples  of 
the  solution  treated  as  above  have  been  kept  for  over  40  hours 
in  brown  glass  bottles  before  a  trace  of  free  iodine  could  be 
detected. 

The  ozone  sample  is  drawn  through  100-cc.  gas-washing 
bottles  each  fitted  with  a  Jena  glass  disk  (9)  until  a  definite 
deep  iodine  color  is  noticed  in  the  first  bottle.  Titration  is 
made  with  sodium  thiosulfate  solution  standardized  against 
c.  p.  resublimed  iodine.  The  thiosulfate  solution  should  not 
exceed  0.01  N,  and  a  2-cc.  microburet  is  recommended  for 
greater  accuracy.  For  ozone  concentrations  of  less  than  0.5 
part  per  million,  the  gas-washing  bottle  should  preferably 
be  of  the  semimicro  type  and  the  test  solution  should  not  ex¬ 
ceed  10  cc. 

Precautions 

No  cork  or  rubber  should  be  used  in  contact  with  ozone. 
Not  only  does  ozone  destroy  these  substances,  but  they  will 
seriously  affect  the  accuracy  of  the  determination.  Ground- 
glass  connections  are  preferable,  but  neoprene  or  rubber  and 
cork  coated  heavily  with  shellac  or  lacquer  may  be  used. 

Only  ultraviolet  light  will  produce  pure  ozone.  An  ozon- 
izer  that  uses  sparks  of  any  kind  will  produce  impurities  in 
the  form  of  oxides  of  hydrogen  and  nitrogen.  Potassium 
iodide  will  liberate  free  iodine  in  the  presence  of  these  gases 
also.  The  author  has  made  numerous  ozone  analyses  on  com¬ 
mercial  ozonizers,  and  has  found  oxide  impurities  as  high  as 
75  per  cent  of  the  total  yield.  An  ozonizer  frequently  pro¬ 
duces  as  much  of  the  oxides  of  nitrogen  as  of  ozone,  especially 
in  generators  which  have  been  in  use  for  some  time.  To 
make  sure  that  only  pure  ozone  reaches  the  potassium  iodide 
bottle  (I),  an  absorption  tube  containing  chromic  acid  and  a 
tube  containing  potassium  permanganate  should  be  provided 
before  the  potassium  iodide  absorption  bottles. 
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Determining  Emulsifying  Efficiencies 

LEONARD  H.  COHAN  AND  NORMAN  HACKERMAN,  Colloid  Corporation,  Baltimore,  Md. 


THE  problem  of  testing  emulsifying  equipment  is  essen¬ 
tially  one  of  determining  the  particle  size  distribution  in  a 
given  emulsion.  The  important  methods  used  for  this  pur¬ 
pose  may  be  divided  into  three  general  classes. 

1.  There  are  those  methods  utilizing  the  relation  between 
the  velocity  of  a  particle  through  a  medium,  the  force  applied, 
and  the  radius  of  the  particle.  The  simplest  such  relation, 
Stokes’  law  (4,  18,  88,  89,  Ifi,  46,  62  63,  64),  states  that 

/  =  6irrr)dx/dt  (1) 


where  /  is  the  frictional  force  between  a  spherical  particle  and 
the  surrounding  medium,  r  is  the  radius  of  the  particle,  77  is 
the  viscosity  of  the  medium,  and  dx/dt  is  the  velocity  of  the 
particle  through  the  medium.  Methods  used  for  determin¬ 
ing/  depend  on  sedimentation  (2,  5,  8,  13,  15,  16,  29,  80,  33, 
85,  36,  44,  48,  54,  56,  66-69,  71,  74,  76,  79),  Brownian  motion 
( 9 ,  14,  15,  36,  66,  70),  or  diffusion  {6,  10,  15,  21,  24,  36,  66). 
Unfortunately,  sedimentation  methods  require  considerable 
time,  particularly  if  the  par  tides  are  1  p  or  smaller.  Centrifug¬ 
ing  hastens  the  process  but  requires  expensive  equipment. 

Measurement  of  particle  size  from  the  Brownian  motion  of 
individual  particles  is  based  on  the  Einstein  equation  (20,  22, 
42,  58,  59) 


(  Ax)  2  = 


2  RTt 
NK  * 


(2) 


where  (Ai)2  is  the  mean  of  the  square  of  the  distance  which 
the  particle  moves  in  a  time,  t.  R  is  the  gas  constant,  T  is  the 
absolute  temperature,  and  N  is  Avogadro’s  number.  If 
Stokes’  law  holds,  K  =  67 rnj. 

Instead  of  observing  the  motion  of  individual  particles,  as 
above,  the  net  effect  of  such  motion — namely,  the  amount  of 
diffusion — may  be  determined.  This  method  for  obtaining 
the  velocity  of  motion  and,  hence,  the  particle  size  depends 
on  Fick’s  (23,  37,  43,  47)  diffusion  equation 


dc  _  T)d2c 
dt  dx 2 


(3) 


where  c  is  the  concentration,  t  the  time,  and  x^the  distance 

HT 

perpendicular  to  isoconcentration  planes.  D  =  where 

again  K  =  670-77  if  Stokes’  law  is  obeyed. 

By  combining  the  diffusion  and  sedimentation  equations, 
the  volume  per  particle  and  also  the  molecular  weight  may  be 
obtained  without  assuming  spherical  shape  (6,  11,  87) . 

2.  The  size  and  shape  of  individual  particles  may  be  de¬ 
termined  with  a  microscope.  With  an  ultramicroscope,  only 
the  average  size  can  be  determined  (7, 12, 15,17,  28,  31,  86,  66, 
78,  75) .  Here  again  expensive  equipment  is  necessary. 

3.  Finally,  Rayleigh’s  law  (25,  27,  49-58)  may  be  used  to 
obtain  a  measure  of  the  particle  size  distribution.  Rayleigh’s 
law  states 


7.  =  ,(V)!d  +  cos2  P )? (4) 

I,  and  I0  are  the  intensities  of  the  scattered  and  incident 
beam,  respectively,  (3  is  the  angle  between  the  scattered  and 
incident  beam,  n  is  the  number  of  nonconducting  spherical 
particles  per  cubic  centimeter,  V  is  the  volume  of  each  par¬ 
ticle,  and  X  is  the  wave  length  of  the  incident  beam.  D'  — 
kifi'  and  D  =  k^/i,  where  m'  and  77  are  the  refractive  indices  of 
the  particle  and  medium,  respectively,  and  k,  kit  and  k2  are 
constants. 


In  turbidimetry  the  intensity  of  light  transmitted  through 
the  solution  is  measured,  while  in  nephelometry  or  tyndallom- 
etry  the  intensity  of  scattered  light  is  measured  directly 
(1,  3,  26,  27,  28,  32,  86,  41,  45,  49,  55,  57,  60,  61,  65,  67,  68, 
69,  72,  75-78,  80). 

Particle  size  may  also  be  measured  by  the  following  meth¬ 
ods,  most  of  which  give  only  average  size:  osmotic  pressure 
(determines  number  of  particles);  adsorption  (determines 
total  surface);  ultrafiltration;  rate  of  solution  (determines 
total  surface);  dialysis;  x-rays  (width  of  x-ray  line  in  diffrac¬ 
tion  pictures) ;  electro-viscous  effect — for  example,  using 
Smoluchowski’s  modification  of  the  Einstein-Hatschek  or 
Kunitz  equation — [Kuhn  (36)  and  Roller  (56)  discuss  some 
of  these  methods  briefly];  and  Langmuir  trough  (19)  (average 
cross  section). 

The  method  described  below  for  the  measurement  of  effec¬ 
tiveness  of  emulsifying  equipment  was  developed  with  a  view 
to  simplicity  of  apparatus  and  rapidity  and  ease  of  measure¬ 
ment.  Briefly,  the  procedure  consists  in  measuring  the 
turbidity  of  a  standard  emulsion  for  various  times  of  treat¬ 
ment;  hence,  it  belongs  in  the  third  class  mentioned  above. 
Although  it  is  not  possible  to  measure  the  particle  size  distri¬ 
bution  function,  the  relative  performance  of  two  pieces  of 
emulsifying  equipment  or  the  performance  of  the  same  equip¬ 
ment  at  different  times  or  under  different  conditions  may  be 
easily  determined.  The  low  cost  of  the  necessary  apparatus, 
combined  with  the  speed  and  accuracy  with  which  the  results 
are  obtained,  should  make  this  method  valuable  to  manufac¬ 
turers  and  users  of  emulsifying  equipment. 

Turbidimeter  and  Standard  Emulsion 

The  turbidimeter  was  a  converted  Bausch  &  Lomb  colorimeter. 
Light  from  a  Bausch  &  Lomb  projection  lamp  was  reflected 
through  the  solution  by  the  mirror  below  the  cups. 


Figure  1.  Projection  Lamp  and  Turbidimeter 
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For  convenience  the  projection  lamp  and  turbidimeter  were 
fixed  on  a  dead-black  board  and  a  mirror  was  fastened  to  the 
board  to  allow  the  operator  to  read  the  scale  without  moving  his 
head  from  the  eyepiece  (Figure  1).  To  keep  the  intensity  of 
illumination  constant,  a  stop  (a,  Figure  1)  was  placed  under  the 
mirror  to  assure  a  constant  angle  of  reflection.  Marks  (6,  F igure  1 ) 
on  the  mirror  enabled  the  operator  to  make  certain  that  the 
lamp  was  focused  at  the  same  point. 

The  turbidity  of  the  emulsion  was  measured  relative  to  a  stand¬ 
ard  placed  in  the  left-hand  cup,  the  unknown  sample  being  in  the 
right-hand  cup. 
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Figure  2.  Effect  of  Dilution 

The  standard  first  used  was  an  emulsion  of  the  same  type  as 
the  one  being  measured.  To  eliminate  the  inconvenience  due 
to  the  change  in  turbidity  of  this  standard,  a  standard  was  pre¬ 
pared  after  the  method  described  by  Kleinmann  (34).  A  mixture 
of  talc  and  collodion  was  painted  on  the  glass  disk  in  the  bottom 
of  the  colorimeter  cup.  This  standard  gave  constant  readings 
for  several  weeks,  but  eventually  became  brittle  and  cracked, 
requiring  replacement. 

The  problem  of  finding  a  truly  permanent  standard  was  finally 
solved  by  using  a  glass  disk  enameled  on  one  side.  A  piece  of 
“flashed”  enamel  glass  was  procured  from  the  Pittsburgh  Plate 
Glass  Company,  and  disks  were  cut  out  and  ground  to  fit  the 
colorimeter  cup. 

Four  thicknesses  of  the  enameled  glass  were  used  to  give  a 
density  which  brought  the  readings  for  the  most  usual  emulsion 
to  the  center  of  the  colorimeter  scale — i.  e.,  between  15  and  35 
divisions.  The  thickness  of  the  glass  disks  was  reduced  by  grind¬ 
ing  off  some  of  the  clear  glass.  The  ground  finish  had  no  effect 
on  the  turbidity. 

Those  emulsions  which  had  relative  turbidities  outside  the  15 
to  35  range  were  generally  colored,  particularly  in  the  higher 
range.  To  minimize  this  color  difference  a  blue  filter  was  placed 
in  the  colorimeter  eyepiece. 

A  rough  check  was  kept  on  the  constancy  of  the  values  obtained 
by  comparing  a  previously  prepared  emulsion,  whose  relative 
turbidity  was  known,  with  the  glass  standard  before  and  after 
each  set  of  measurements.  Thus,  any  variation  due  to  a  change 
in  the  instrument  itself — e.  g.,  the  intensity  of  the  light — could 
be  detected. 

The  emulsion  was  an  orange  oil,  5  per  cent  by  weight,  in  distilled 
water.  Lecithin,  in  the  amount  of  10  per  cent  by  weight  of  the 
oil,  was  used  as  a  stabilizing  agent. 

The  oil,  actually  orange  terpene,  was  obtained  from  McCormick 
&  Company,  Baltimore,  Md.,  and  was  kept  under  nitrogen  in  a 
brown  bottle  to  prevent  oxidation  by  light  or  air.  The  American 
Lecithin  Company  kindly  supplied  vegetable  lecithin  “S”,  which 
contains  approximately  70  per  cent  of  lecithin. 


The  temperature  at  which  the  emulsions  were  prepared  was 
kept  at  35°  ±  3°  C. 

The  procedure  consisted  in  diluting  the  newly  prepared  sample 
to  0.5  per  cent — i.  e.,  1  to  10.  The  dilute  emulsion  was  placed 
in  the  right-hand  cup  and  the  scale  value  at  which  the  turbidity 
equaled  that  of  the  glass  standard  was  noted.  The  average  of 
four  readings  was  taken.  The  average  deviation  from  the  mean 
in  the  central  portion  of  the  scale  was  approximately  0.03  division. 

Frequently  samples  were  obtained  which  were  so  transparent 
on  dilution  that  their  turbidities  compared  to  the  standard  were 
off  the  scale.  Rather  than  use  several  standards,  the  relative 
turbidities  of  the  undiluted  5  per  cent  emulsion  and  the  emulsion 
diluted  to  1,  2,  or  3  per  cent  were  measured.  The  turbidity  of 
the  0.5  per  cent  material  was  then  found  by  extrapolation. 

As  shown  in  Figure  2,  the  turbidimeter  reading,  R,  plotted 
against  1/C,  where  C  is  the  concentration  of  the  emulsion,  gives 
essentially  a  straight  line,  so  that  the  extrapolation  can  be 
readily  made.  R  is  proportional  to  the  light  transmission  and 
is  therefore  inversely  proportional  to  the  turbidity. 

Results 

Most  of  the  data  herein  were  obtained  from  emulsions  pre¬ 
pared  by  a  new  type  of  emulsifying  equipment  which  is  being 
developed  at  this  laboratory.  The  materials  were  placed  in 
this  machine  unmixed  and  samples  of  the  emulsion  were  re¬ 
moved  at  definite  time  intervals. 


The  curves  in  Figure  3  give  the  turbidimeter  reading,  R, 
against  the  time,  t,  in  minutes.  As  the  turbidity  of  the  solu¬ 
tion  increases,  R  decreases — that  is,  R  is  really  a  measure  of 
the  transparency  of  the  solution  and  is  inversely  proportional 
to  the  turbidity.  The  curves  in  Figure  3  were  selected  from 
several  hundred  experiments,  in  which  all  the  emulsions  were 
prepared  in  the  new  emulsifying  equipment  mentioned  above. 
They  illustrate  a  relatively  low  emulsifying  efficiency  as  in 
curve  A,  a  fair  efficiency  as  in  B,  and  a  high  efficiency  as  in  C. 

It  will  be  noted  that  R,  in  A,  Figure  3,  shows  an  initial  de¬ 
crease,  passes  through  a  minimum,  and  then  increases 
slightly.  The  final  value  of  R  is  only  slightly  larger  than  the 
value  for  the  first  sample  withdrawn.  In  the  case  of  B,  the 
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minimum  occurs  at  smaller  t  than  in  A.  As  t  increases,  R  in¬ 
creases  more  rapidly  than  in  A.  In  the  curve  denoted  by  C 
the  minimum  has  occurred  prior  to  the  first  reading  and, 
hence,  does  not  appear  on  the  figure.  Furthermore,  the  in¬ 
crease  of  R  in  C  is  still  greater  than  in  B.  Thus  the  final 
samples  are  much  less  turbid  than  those  removed  at  the 
beginning. 

From  a  theoretical  standpoint  the  turbidity  should  increase 
as  the  particle  radius  decreases,  according  to  the  equation: 

Is  k3Cx  ... 

T  =  “T-  (5) 

1 0  T 

7,  =  intensity  of  scattered  light 
70  =  intensity  of  the  original  beam 
C  =  concentration  of  the  emulsion 
x  =  depth  of  the  emulsion  layer 
r  =  radius  of  the  reflecting  particles 
k3  =  a  constant 
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MINUTES 

Figure  5.  Emulsion  Treated  in  Homogenizer 


As  the  radius  becomes  smaller  than  the  wave  length  of  the 
incident  light,  the  scattering  of  the  light  becomes  more  im¬ 
portant  than  reflection.  Thus,  the  turbidity  decreases  with 
decreasing  radius  according  to  Rayleigh’s  law. 


I./h 


knirV 2 
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(£>'  -  7)) 2 
D2 


kiCxr 3 
X4 


(6) 


k4  is  a  constant.  Other  symbols  are  as  in  Equations  4  and  5. 


Since  R  varies  inversely  as  1J1 0,  it  is  apparent  from  Equa¬ 
tion  6  that  with  steadily  decreasing  radius,  R  should  decrease 
to  a  minimum  and  then  increase  precisely  as  in  the  curves  of 
Figure  3. 

Thus,  for  two  samples  to  the  left  of  the  minimum  in  Figure 
3,  the  most  turbid  (lowest  R)  may  be  said  to  have  the  smallest 
average  particle  radius.  However,  in  the  size  region  to  the 
right  of  the  minimum  the  reverse  is  true. 

These  conclusions  were  checked  qualitatively  by  correlating 
the  turbidimeter  readings  with  the  time  required  for  the 
samples  to  cream  and,  for  the  larger  particles,  with  the  size 
as  measured  microscopically. 

One  would  expect  that  to  the  right  of  the  minimum,  the 
higher  R  the  more  stable  the  emulsions  would  be — that  is, 
they  would  take  longer  to  cream.  In  Figure  4  the  log  of  the 
creaming  time  in  hours  is  plotted  as  ordinate  against  the 


Figure  7.  Effect  of  Temperature 
on  Turbidity 

Each  sample  treated  120  minutes  at  tempera¬ 
tures  indicated 
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time  of  treatment  for  the  5  per  cent  emulsions,  A,  B,  and  C 
being  the  same  as  in  Figure  3.  In  each  case  the  samples 
having  the  higher  values  of  R  showed  greater  stability. 

Figures  5  and  6  show  the  relation  between  the  turbidity  of 
orange  oil  emulsions  and  the  time  of  treatment  in  a  homo- 
genizer  and  a  colloid  mill,  respectively. 

Experimental  results  indicate  that  the  orange  oil  on  oxida¬ 
tion  tends  to  emulsify  more  readily.  Since  the  oxidation 
proceeds  more  rapidly  at  higher  temperatures,  care  must 
be  taken  to  keep  the  temperature  as  constant  as  possible. 
Figure  7  shows  the  effect  of  temperature  of  the  oil  during 
emulsification  on  the  turbidity  of  the  resulting  emulsion. 
Here  values  of  R  for  120-minute  treatment  are  plotted  against 
temperature  of  treatment  for  samples  which  were  prepared 
in  an  otherwise  identical  manner. 

It  is  recommended  that  the  temperature  be  maintained 
at  35°  =*=  3°  C.  in  order  to  make  accurate  comparisons  of 
emulsifying  efficiency. 

In  order  to  eliminate  the  inconvenience  caused  by  oxida¬ 
tion  of  the  orange  oil,  a  more  stable  standard  emulsion  has 
been  sought.  Work  is  still  in  progress  on  this  problem. 
However,  the  following  seems  to  give  a  satisfactory  standard : 
5  grams  of  a  mixture  of  carbon  tetrachloride  and  gasoline 
made  up  to  a  density  of  1.0;  0.5  gram  of  lecithin;  and  94.5 
grams  of  distilled  water. 

A  rapid,  accurate  method  of  following  the  emulsification 
process  as  herein  described  should  be  of  service  not  only  in 
industry  but  also  in  studies  of  the  mechanism  of  emulsifica¬ 
tion.  For  example,  we  can  now  investigate  the  effect  of 
temperature,  pressure,  emulsif ying  agent,  and  a  host  of  other 
variables.  Furthermore,  the  results  can  be  compared  quanti¬ 
tatively  without  spending  a  prohibitive  length  of  time. 

Summary 

The  apparatus  and  procedure  for  a  new  method,  based  on 
turbidity  measurement,  of  determining  emulsifying  efficiency 
are  described,  together  with  a  convenient  standard  emulsion. 

The  new  method  is  compared  with  microscopic  examina¬ 
tion  and  with  the  measurement  of  the  time  of  creaming  of  the 
emulsions.  Results  on  a  colloid  mill,  a  homogenizer,  and  a 
new  type  of  emulsifier  are  presented. 

A  bibliography  on  methods  of  particle  size  analysis  ap¬ 
plicable  to  the  study  of  emulsions  and  suspensions  is  included. 
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Routine  Determination  of  Equivalent  Acidity 

or  Basicity  of  Fertilizers 

E.  W.  CONSTABLE,  North  Carolina  Department  of  Agriculture,  Raleigh,  N.  C. 


A  NUMBER  of  states  and  agencies  have  interested  them¬ 
selves  in  the  analysis  of  fertilizers  for  acid-forming 
qualities,  but  none,  so  far  as  the  information  at  hand  shows, 
to  the  extent  required  to  carry  the  program  of  the  Depart¬ 
ment  of  Agriculture  in  North  Carolina.  This  state  is  the 
first  to  require  the  determination,  individually,  of  acid-base 
balance  on  all  officially  collected  samples  of  mixed  fertilizers. 

This  requirement  necessitated  extended  routine  work  and 
it  was  in  order  to  expedite  this  routine  that  the  assembly  now 
being  used  was  devised. 

In  principle  the  Pierre  method  (2)  as  prescribed  by  the 
Association  of  Official  Agricultural  Chemists  ( 1 )  is  followed, 
but  in  lieu  of  the  specified  apparatus  there  has  been  substi¬ 
tuted  an  assembly  designed  to  reduce  work  and  personnel  to 
a  minimum,  to  curtail  tedium,  and  to  incorporate  flexibility. 

The  Pierre  method  consists  of  treating  weighed  samples  of 
fertilizers  with  sodium  carbonate  solution;  evaporating  and 
burning  at  moderate  muffle  temperatures  to  destroy  organics 
and  remove  nitrogen;  treating  with  water,  hydrochloric  acid, 
and  heat  to  drive  off  carbon  dioxide;  and  filtering  to  remove 
debris  to  enable  colorimetric  titration  with  alkali.  From  this 
titer,  in  combination  with  results  from  previously  established 
routine  analyses  for  nitrogen  and  phosphate,  the  final  results 
are  calculated. 

The  assembly,  characterized  by  mass  processing,  automatic 
measuring  and  control,  and  electrometric  titrating,  has 
effected  the  speed  and  economies  sought. 


Section  of  Laboratory,  Showing  Filtering  Assembly 


Assembly 

Containers  for  weighed  samples  are  Pyrex  beakers,  Griffin, 
low-form  with  lips,  of  150-ml.  capacity.  These,  arranged  in  four 
rows  of  seven  each,  28  per  set,  are  placed  in  shallow  Chromel  wire 
baskets  with  handles,  wherein  they  remain  throughout  all  han¬ 
dling  and  processing  up  to  the  point  of  filtering,  if  colorimetric 
titration  is  to  be  used,  or  all  the  way  through  to  titration  if  this 
is  to  be  done  electrometrically.  The  advantages  of  handling  the 
beakers  in  numbers  are  obvious. 

Automatic  or  self-leveling  pipets  of  10-ml.  and  30-ml.  volumes, 
respectively,  having  a  maximum  deviation  of  0.04  ml.  for  the 
former  and  0.05  ml.  for  the  latter,  are  used  for  adding  sodium 
carbonate  and  hydrochloric  acid. 

The  crossbars  of  the  petcock  plugs  have  one  slightly  elongated 
end  to  indicate  direction  of  flow.  The  pipets,  as  well  as  the  buret 
described  below,  have  an  added  tip  guard  inside  the  overflow 
bulbs  to  prevent  accidental  spraying  of  solutions  through  the 
vents. 

The  pipets,  attached  rigidly  to  75-cm.  (30-inch)  lengths  of 
glass  tubing  which  swing  from  rubber  siphon  hoses  drawing 
reagents  from  overhead  10-liter  (5  gallon)  bottles,  hang  in  bat¬ 
teries  of  four  each  to  match  the  four  rows  of  beakers  in  the 
baskets;  the  pipet  tips  reach  just  into  and  bear  against  the 
beaker  lips  for  discharging  and  contact  draining.  Manipulation 
is  progressively  across  the  baskets  and  from  end  to  end,  the 
baskets  being  slid  along  the  table  as  needed  to  maintain  suitable 
relation. 

Overflow  from  leveling  the  pipets  is  carried  to  receivers  by  small 
rubber  hoses  of  sufficient  length  to  afford  freedom  of  manipulation, 
but  with  anchored  discharge  ends.  When  not  in  use,  the  pipets 
are  held  out  of  the  way  by  hooks  on  reagent  shelves. 

Filling  is  much  quicker  than  for  hand-transfer  pipets.  Dis¬ 
charge  and  draining,  which  are  held  to  standard,  proceed  un¬ 
attended.  The  arrangement  enables  very  rapid  and  accurate 
transfer  of  large  quantities  of  reagents. 

For  evaporation,  the  baskets  are  transferred  to  a  hot  plate. 
Filter-paper  cones,  inserted  into  the  beakers  with  tips  down  and 
points  not  clipped,  are  used  to  prevent  spattering.  This  step  is 
continued  until  the  papers  are  heavily  browned. 

For  burning,  the  heated  baskets  are  slid  into  a  large-sized  elec¬ 
tric  muffle  furnace,  the  floor  of  which  is  at  the  same  level  as  the 
hot  plate.  The  furnace  is  automatically  maintained  at  constant 
temperature  by  a  pyrometer  control  assembly  which  requires 
no  more  attention  than  conventional  drying  ovens.  A  time 
switch  may  be  added,  which  will  permit  the  termination  of  burn¬ 
ing  unattended  and  therefore  the  burning  of  an  additional  charge 
beyond  the  end  of  a  working  period. 

A  siphon  is  used  for  the  addition  of  water  to  approximate  quan¬ 
tity  previous  to  the  hydrochloric  acid  treatment. 

For  expelling  carbon  dioxide  the  baskets  of  beakers,  with 
covers  in  place,  are  returned  as  units  to  the  hot  plate. 

Filtration.  When  the  material  is  to  be  filtered,  in  order  to 
permit  the  employment  of  colorimetric  titration— a  necessity 
because  of  debris  from  processing  which  produces  turbidity  of 
solutions — an  assembly  is  used  consisting  of  fourteen  No.  1 
Buchner  funnels  of  100-ml.  capacity;  5.5-cm.  filter  papers; 
and  large-mouthed  (3.5-cm.)  Pyrex  Erlenmeyer  flasks,  250-ml., 
fitted  with  No.  8  crepe  rubber  stoppers.  Funnels  and  right- 
angle  glass  suction  tubes  are  inserted  through  the  stoppers. 

The  filter  rack  is  a  2.5  X  3.75  cm.  (1  X  1.5  inch)  wood  bar  with 
14  holes,  tapered  outward,  evenly  spaced  along  its  center,  through 
which  protrude  the  ends  of  slightly  larger  rubber  suction  hoses 
leading  to  vacuum  cocks,  which  in  turn  are  mounted  on  reagent- 
shelf  uprights  in  the  usual  manner.  The  rack,  attached  to 
pivoted  extensions  from  the  reagent-shelf  uprights,  lifts  up  to 
permit  placement  of  flasks  for  receiving  filtrates.  Stops  are  pro¬ 
vided  to  maintain  it  at  the  working  position. 

The  flasks  (used  for  both  filtering  and  titrating),  in  sets  of  28 — 
two  rows  of  14  each — are  contained  in  suitable  wooden  trays. 

Upon  completion  of  the  filtering  and  washing  of  14  samples, 
the  flask  stoppers  are  loosened,  the  entire  filtering  assembly  is 
lifted  as  a  unit,  and  the  tray  is  shifted  to  bring  the  remaining  14 
flasks  of  a  set  into  position  for  receiving  filtrates.  Adequate 
washing  is  determined  by  pressing  bits  of  blue  litmus  upon  the 
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The  greatest  advantage  of  elec¬ 
trometric  titration  is  the  elimina¬ 
tion  of  filtering  and  washing,  with 
their  inherent  possibility  of  intro¬ 
ducing  error.  There  is  also  a  gain 
in  speed  and  accuracy,  since  titra¬ 
tion  can  be  followed  progressively 
and  end  points  run  closer. 

The  maximum  capacity  of  the 
laboratory,  approximately  100  sam¬ 
ples  per  work  day,  is  set  by  hot 
plate  and  furnace  capacity,  and 
could  be  extended  to  about  150  by 
the  addition  of  a  time  switch.  This 
laboratory,  on  occasion  of  excep¬ 
tional  rush,  has  maintained  an  av¬ 
erage  of  above  200  samples  per  day 
for  22  working  days  by  using  ad¬ 
ditional  hot  plates  and  furnaces. 
However,  the  chief  advantage  of 
the  assembly  is  the  speed  and  fa¬ 
cility  with  which  a  limited  person¬ 
nel  can  carry  on  the  day’s  work. 

The  accuracy  and  reliability  of 
the  system,  as  attested  by  checking, 
by  comparison  with  results  from 
other  laboratories,  and  by  thou¬ 
sands  of  analyses,  are  satisfactory. 


filters.  Filter  papers  are  used  repeatedly  to  the  point  of  slowing 
filtration. 

This  filtration  assembly  has  the  advantage  of  enabling  the 
emptying  of  entire  beaker  contents  into  funnels  in  a  single 
operation,  two  beakers  at  a  time  if  desired,  and  likewise  for  rins¬ 
ing  beakers  (siphon  used  here).  It  eliminates  side-arm  filter 
flasks,  or  the  transfer  of  filtrates,  and  facilitates  the  handling  of 
funnels.  Filtering,  however,  except  where  compliance  with  the 
“letter  of  the  law”  is  wished,  is  eliminated  by  the  employment 
of  electrometric  titration. 

Titration.  For  titration  a  25-ml.  self-leveling  or  automatic 
Schellbach  buret  of  0.05-ml.  maximum  deviation  is  used.  This 
is  convenient  and  rapid  in  filling  and  leveling,  and,  since  it  is 
refilled  for  each  titration,  gives  final  readings  without  subtrac¬ 
tions. 

As  an  indicator,  the  bromocresol  green-methyl  orange  mixture 
recently  developed  by  Pierre,  Tully,  and  Ashburn  (3),  in  double 
strength,  fed  by  dropping  siphon,  is  used  in  connection  with  the 
daylight  lamp  as  prescribed. 

For  electrometric  titration,  an  assembly  consisting  of  pH 
meter,  calomel  and  glass  electrodes,  thermometer,  and  motor 
stirrer  is  used.  The  pH  meter  is  the  direct-reading  type  in  which 
balancing  and  key  tapping  are  eliminated — that  is,  the  potential 
that  is  developed  at  the  electrodes  is  pointed  out  directly  in  pH 
units.  The  assembly  is  made  of  stock  laboratory  items,  requir¬ 
ing  no  special  work  in  preparation,  and  a  25  per  cent  saving  in 
time  and  work  can  be  attributed  to  its  use. 

The  electrode  assembly — electrodes,  thermometer,  and  motor 
stirrer — is  mounted  rigidly  on  a  vertical  rod.  Beakers  containing 
the  unfiltered  reaction  mixture  are  held  in  position  by  a  swinging 
shelf  attached  to  this  rod.  The  swinging  of  the  shelf  operates 
the  on  and  off  switch  of  the  stirrer  motor. 

Beakers  are  lifted  from  baskets  to  the  proper  position  on  the 
electrode  assembly,  the  supporting  shelf  is  swung  into  position, 
the  tap  button  of  the  pH  meter  is  locked  in  the  down  position, 
and  sodium  hydroxide  solution  is  fed  into  the  rapidly  stirred 
reaction  mixture  until  the  indicator  needle  has  shifted  to  indicate 
the  pH  accepted  as  the  end  point.  The  meter  is  standardized 
daily  and  repeatedly  checked  with  a  standard  buffer  solution 
having  a  pH  near  that  taken  as  an  end  point. 

Temperature  corrections  for  the  general  laboratory  tempera¬ 
ture  range  are  found  negligible.  The  washing  of  electrodes,  ex¬ 
cept  for  standardizing,  has  been  found  needless. 

The  buret,  a  standard  stock  type  for  pinchcock  delivery,  is 
mounted  conveniently  off-side  and  is  controlled  with  a  rigidly 
held,  extension-mounted  pinchcock.  Delivery  of  reagent  to 
beakers  is  by  an  offset  tip. 


Electrometric  Titration  Assembly 


Summary 

An  assembly  for  reducing  to  a  minimum  the  routine  work 
and  personnel  necessary  for  the  determination  of  the  acid- 
base  balance  of  fertilizers  on  an  extended  scale  is  described. 

Characterized  by  mass  processing,  automatic  measuring 
and  control,  and  electrometric  titration,  the  design  has 
effected  speed  and  economy. 
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Apparatus  for  Continuous  Automatic 
Measurement  oi  Evolved  Gas 

M.  L.  CROSSLEY,  R.  H.  KIENLE,  AND  C.  H.  BENBROOK 
Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


IN  A  study  of  the  kinetics  of  the  decomposition  reaction  of 
diazo  compounds  in  water  and  similar  solvents,  an  ap¬ 
paratus  was  required  for  the  continuous,  automatic  measure¬ 
ment  and  recording  of  evolved  nitrogen  gas.  A  description 
of  an  apparatus  designed  for  this  purpose  is  herewith  pre¬ 
sented. 

Evolved  gas  is  led  into  the  water-displacement  cell  shown  in 
Figure  1.  Except  for  the  small  tube,  B,  which  is  drained  prior 
to  the  experiment  by  application  of  a  slight  pressure  at  A,  the 
entire  cell  is  filled  with  distilled  water  previously  saturated  at 
room  temperature  with  the  gas  or  gases  being  evolved.  When  the 
cell  has  been  secured  in  a  horizontal  position,  the  gas  is  allowed 
to  enter  tube  B  at  point  A.  As  it  bubbles  from  the  constricted 
opening,  C,  the  pressure  causes  the  water  to  escape  through  D, 
and  finally  through  E.  The  gas  pressure  necessary  to  operate  the 


device  is  altered  by  the  elevation  of  outlet  E  with  reference  to  C. 
In  the  construction  of  the  device,  the  elevation  of  E  has  been 
so  carefully  determined  that  both  bubbling  from  C  and  dripping 
from  E  start  when  pressure  at  A  is  increased  by  an  amount 
equivalent  to  0.4  cm.  of  water,  and  will  continue  until  the  pres¬ 
sure  falls  below  0.2  cm.  of  water. 

This  entire  vessel  is  blown  of  glass.  Because  of  the  length  of 
the  tubes  within  the  cell,  the  gas  entering  may  stop  or  even  back 
up  momentarily  without  introducing  an  error  in  the  total  gas 
measurement.  The  water  thus  eliminated  from  the  displace¬ 
ment  cell  is  collected  in  a  vertical  glass  cylinder,  Figure  2,  which 
is  illuminated  by  light  from  a  plane-parabolic  mirror  and  a 
point  source  at  the  focus  of  the  parabolic  mirror.  Thus,  the 
light  falling  upon  the  cylinder  is  parallel  in  the  vertical  plane, 
and  hence,  when  the  light  is  focused  by  the  water  collected  in 
the  vertical  cylinder,  a  fine  line  of  focused  light  is  formed  in  a 
plane  behind  the  cylinder. 


Figure  2.  Diagram  of  Recording  Instrument 


Figure  3.  Specimen  Record,  Showing  Rate  of  Nitrogen 
Evolution  vs.  Time 


Behind  the  cylinder  is  a  drum,  the  surface  of  which  is  in  the 
focal  plane  of  the  light  from  the  cylinder,  and  on  the  drum  is 
mounted  photographic  paper  so  that  a  line  is  printed  thereon, 
the  length  of  which  is  a  measure  of  the  depth  of  water  in  the 
cylinder.  Between  the  cylinder  and  the  drum  is  placed  a  slit 
only  slightly  wider  than  the  focused  light,  so  that  above  the 
water  level,  where  the  light  is  unfocused,  there  is  insufficient 
intensity  to  effect  exposure.  Thus,  as  the  drum  revolves,  there 
is  printed  on  the  paper  a  shaded  area,  the  upper  boundary  of 
which  traces  any  rise  in  the  level  of  the  water  in  the  cylinder. 
The  photographic  record  is  27.5  X  35  cm.  (11  X  14  inches)  and 
is  made  on  Eastman’s  Azo  F  No.  5  paper.  The  drum  revolves 
once  in  24  hours. 
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A  typical  record  is  shown  in  Figure  3.  An  interval  timer 
extinguishes  the  light  for  0.5  minute  in  every  6  minutes,  thus 
producing  10  vertical  lines  per  hour. 

The  entire  apparatus  was  calibrated  by  introducing  known 
volumes  of  air  and  water  vapor  into  the  water-displacement 
cell  and  recording  the  volume  of  water  eliminated.  On  the 
basis  of  this  calibration,  lines  corresponding  to  cubic  centi¬ 
meters  of  introduced  gas  were  etched  on  a  transparent  screen 
and  the  screen  was  placed  between  the  water-collecting  cylin¬ 
der  and  the  recording  drum,  so  that  the  horizontal  lines 
which  appear  on  the  record,  Figure  3,  read  directly  in  cubic 
centimeters  and  embrace  corrections  for  all  the  nonlinear 
characteristics  of  the  apparatus.  On  the  same  record,  Fig¬ 
ure  3,  is  simultaneously  and  automatically  traced  a  line 
showing  to  what  extent  each  point  on  the  curve  is  subject 
to  correction  as  a  result  of  changing  barometric  pressure  or 
room  temperature.  This  line  is  produced  as  follows: 

A  flat  cell  of  glass,  about  3-nun,  inside  thickness  and  about  10 
cm.  wide,  is  placed  in  the  path  of  the  parallel  beam  of  light 
between  the  cylinder  and  the  drum,  in  very  nearly  the  same  plane 
as  the  afore-mentioned  slit.  At  the  bottom  of  this  cell  is  an 
outlet  which  is  connected  by  a  short  length  of  rubber  tubing  to  an 
opening  at  the  bottom  of  a  closed  glass  bulb  of  400-cc.  capacity. 
Distilled  water  is  put  into  the  cell,  which  is  open  to  the  air  at  the 
top,  and  is  allowed  to  fill  the  closed  bulb  to  approximately  one 
fifth  its  capacity.  Thus  is  constructed,  in  essence,  a  Cape  Cod 
type  of  barometer.  The  meniscus  within  the  flat  cell  rises  or 
falls  in  response  to  changes  in  barometric  pressure  and/or 
room  temperature,  tracing  a  fine  across  the  lower  portion  of  the 
curve.  Data  are  thus  recorded  from  which  correction  for  any 
variations  in  either  or  both  of  these  factors  may  be  made. 

The  specimen  record  shown  in  Figure  3  was  obtained  by 
decomposing  a  solution  of  phenyldiazonium  chloride  in 
water  at  a  temperature  of  35°  C.,  and  when,  by  use  of  this 
record,  a  plot  is  made  of  the  logarithm  of  the  concentration 
against  time,  the  straight  line  shown  in  Figure  4  is  obtained. 


Figure  4.  Decomposition  of  Phentldiazonium  Chloride 

Log  of  concentration  rs.  time.  0.355  molar  solution.  T,  35°  C. 
pH,  1.75. 


Obviously,  the  numerous  points  recorded  make  possible  the 
very  precise  positioning  of  this  line,  and  thereby  the  accurate 
calculation  of  the  reaction  rate. 
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Figure  5.  Record  Covering  Long  Period  of  Time 


The  recording  instrument  has  been  constructed  so  that  the 
cylinder  may  be  moved  nearer  or  farther  from  the  drum,  thus 
permitting  the  use  of  liquids  with  refractive  indexes  dif¬ 
ferent  from  that  of  water.  Advantage  has  been  taken  of 
this  adjustment  in  slow  reactions  which  are  allowed  to  run 
several  days:  A  small  amount  of  red  dye  is  dissolved  in  the 
water  in  the  cylinder  and  a  layer  of  light  mineral  oil,  about 
1  cm.  thick,  is  floated  on  the  colored  water,  the  cylinder 
having  been  adjusted  so  that  the  distance  from  the  cylinder 
to  the  drum  is  correct  to  allow  mineral  oil  to  focus  the  light 
sharply.  The  type  of  record  thus  produced  is  shown  in 
Figure  5. 
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Figure  6.  Record  Showing  Rate  of  Sedimentation 


The  apparatus  can  also  be  used  to  record  rate  of  sedimenta¬ 
tion  of  suspensions.  A  typical  record  of  such  a  study  made 
on  aluminum  hydroxide  suspension  is  shown  in  Figure  6. 

The  apparatus  is  further  applicable  for  determining  rates 
of  distillation,  in  which  case  the  vertical  cylinder  shown  in 
Figure  2  is  used  as  a  receiver.  Obviously  the  rate  of  evolu¬ 
tion  of  gases  other  than  nitrogen  in  various  chemical  reactions 
also  may  be  measured,  providing  care  is  taken  that  the  gas 
is  essentially  insoluble  in  the  liquid  used  in  the  displacement 
cell — e.  g.,  carbon  dioxide  may  be  recorded  as  a  measure  of 
the  rate  of  a  fermentation  reaction. 
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The  apparatus  described  consists  of  a 
photometer  with  a  permanent  wedge  of 
Jena  neutral  glass,  a  tungsten  source,  and 
a  set  of  twelve  permanent  glass  filters  of 
relatively  high  monochromaticity.  The 
glasses  composing  the  filters  are  listed,  and 
the  assembled  filters  are  described  by 
means  of  spectral  transmission  curves,  and 
values  for  luminous  transmission,  spectral 
centroid,  and  monochromaticity.  Used 
with  a  selected  filter  and  absorption  cell  of 
appropriate  length,  the  instrument  pro¬ 


vides  a  convenient  means  of  determining 
the  concentration  of  most  colored  solu¬ 
tions  by  reference  to  simple  standard 
curves. 

Wedge  readings  are  proportional  to  den¬ 
sity  for  all  filters  and  hence  proportional  to 
concentrations  for  a  solute  obeying  Beer’s 
law.  If  desired,  abridged  absorption  curves 
for  a  solution  can  be  determined  by  using 
all  the  filters  and  converting  scale  readings 
to  density  values.  Various  applications  are 
mentioned. 


SPECTROPHOTOMETRY  is  finding  increasingly  wide 
application  in  the  field  of  chemical  analysis  (28). 
Abridged  methods  are  widely  used  because  they  require  less 
elaborate  equipment,  although  they  do  not  usually  attain  the 
sensitivity,  versatility,  and  fundamental  quality  of  measure¬ 
ment  possible  with  a  spectrophotometer.  The  abridged  spec¬ 
trophotometer  is  used  as  an  analytical  instrument  by  referring 
absorption  values  of  unknown  colored  solutions  to  the  values 
obtained  under  standard  conditions  with  known  amounts  of 
the  pure  substance  to  be  determined.  The  fight  is  usually 
selected  by  monochromatic  filters,  and  if  the  instrument  is 
equipped  with  a  sufficient  number  of  these  filters  spaced 
throughout  the  spectrum,  a  great  variety  of  “colorimetric” 
chemical  analyses  can  be  handled,  and,  in  addition,  useful 
abridged  absorption  curves  can  be  obtained.  [Various  types 
of  abridged  spectrophotometers  are:  variable  aperture  type 
(18,  86),  polarization  type  (28),  variable  depth  of  solution 
type  (4,  32),  and  photoelectric  with  a  series  of  filters  (8,  10, 
24,  80).} 

The  use  of  a  neutral  wedge  in  photometric  apparatus  is  not 
new  (5,  11,  19,  29).  The  neutral  wedge  visual  abridged  spec¬ 
trophotometer  discussed  in  the  present  paper  is  an  improved 
form  of  that  previously  described  by  Clifford  and  Wichmann 
(7) .  The  present  authors’  use  of  the  neutral  wedge  principle 
had  its  inception  in  an  instrument  devised  by  Hardy  and 
Pfund  (15)  for  the  Food  and  Drug  Administration  for  grading 
rosin,  consisting  of  two  photographic  film  prints  of  neutral 


wedges,  three  monochromatic  filters,  and  a  broken  plate-glass 
photometer  head  (27). 

While  no  fundamentally  new  principles  are  presented,  the 
carefully  selected  monochromatic  filters,  the  improved  design 
of  the  instrument,  and  its  satisfying  performance  are  con¬ 
sidered  worthy  of  description. 

Design  of  Instrument 

The  complete  instrument  comprises  a  prism  assembly,  an  eye¬ 
piece,  two  glass  neutral  wedges,  an  incandescent  fight  source, 
twelve  monochromatic  filters,  and  four  absorption  cells  for 
holding  solutions.  The  optical  system  is  shown  diagrammatically 
in  Figure  1. 

The  photometer  head  containing  the  rhombs,  biprism,  and  eye¬ 
piece,  is  that  used  in  the  Bausch  &  Lomb  Optical  Company’s 
hemoglobinometer.  The  photometric  field  is  the  simple  compari¬ 
son  type  with  a  diameter  of  about  10°.  The  filters  are  mounted 
in  readily  interchangeable  slotted  metal  plugs  which  slip  in  fixed 
position  into  the  exit  end  of  the  eyepiece,  each  plug  having  its  own 
peephole.  They  thus  receive  negligible  heat  from  the  fight  source. 
Illumination  is  provided  by  a  115-volt,  100-watt  projection  lamp 
at  the  center  of  curvature  of  a  spherical  reflector  and  at  the  focus 
of  a  condensing  lens  system.  Ground  surfaces  on  the  dia- 
phragmed  windows,  DD' ,  effect  a  uniform  photometric  field  but 
with  some  sacrifice  in  intensity.  However,  with  this  arrangement 
the  position  of  the  lamp  filament  is  not  highly  critical.  The  two 
beams  are  practically  parallel  fight.  Pyrex  absorption  cells  having 
plane-parallel  fused-on  windows,  inside  diameters  of  15  mm.,  and 
lengths  of  12,  25,  50,  and  100  mm.,  fit  in  a  metal  V-trough  in 
the  sample  beam. 

The  wedge  finally  adopted  was  made  of  Jena  NG  5  “fight  neu¬ 
tral”  glass.  This  was  the  most  satisfactory  wedge  material  in¬ 
vestigated,  as  it  possesses  the 
desired  qualities  of  perma¬ 
nence,  satisfactory  neutrality 
throughout  the  visible  spec¬ 
trum,  negligible  temperature 
coefficient,  and  linearity  with 
density.  Eastman  gelatin 
wedges  showed  too  much 
change  in  transmission 
characteristics  with  age. 
Wedges  of  Bausch  &  Lomb 
“Smoke  C”  glass  showed 
serious  departure  from  neu¬ 
trality  at  the  violet  and  red 
ends  of  the  spectrum,  giving 
rise  to  hue  differences  in  the 
two  halves  of  the  photo¬ 
metric  field  and  nonlinear 
standard  curve  with  certain 
yellow  and  blue  solutions. 

The  wedge  used  is  150  mm. 
long,  8.5  mm.  thick  at  one 


Figure  1.  Diagram  of  Optical  System 

A.  100-watt  110-volt  projection  type  lamp 

B.  Spherical  reflector 

CC'.  Lens,  15-cm.  focal  length 
DD'.  Frosted  windows 

E.  Cell 

F.  Photometric  wedge 

G.  Compensating  wedge 

H.  Filter  mount 
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end,  and  less  than  0.5  mm.  at  the  other,  with  a  density  range  of 
approximately  0  to  2.  Deviation  of  light  rays  is  eliminated  by  an 
equal  wedge  of  clear  glass  cemented  to  the  gray  wedge.  The 
wedge  is  movable  laterally  in  its  beam  by  means  of  a  rack  and 
pinion,  and  settings  are  read  with  estimation  to  0.1  mm.  on  a 
millimeter  scale  with  index  and  magnifier. 

"jTo  compensate  for  the  density  gradient  of  the  wedge  in  the 
field  of  view,  a  short  second  wedge,  identical  with  the  first  25 
mm  of  the  large  wedge,  is  mounted  in  the  sample  beam  with  its 
gradient  in  the  same  direction  as  the  long  wedge.  This  effectively 
equalizes  the  appearance  of  the  two  halves  of  the  photometric 
field  without  incurring  the  loss  in  brightness  which  would  result  if 
the  compensating  wedge  were  placed  in  the  same  beam  as  the  long 
wedge.  The  small  wedge  is  movable  laterally  to  provide  a  con¬ 
venient  scale  zero  adjustment. 

Monochromatic  Filters 

The  filters  described  here  embody  the  following  desirable 
characteristics:  They  are  composed  of  stock  colored  glasses 
to  ensure  permanence  and  reasonable  reproducibility;  they 
are  sufficiently  monochromatic  practically  to  eliminate  any 
hue  difference  in  the  two  halves  of  the  photometric  field  when 
a  colored  solution  is  placed  in  one  beam;  they  transmit  enough 
light  to  give  adequate  field  brightness  for  routine  laboratory 
work  without  resorting  to  a  lamp  of  inconveniently  high  watt¬ 
age  ;  and  the  series  covers  the  spectrum  in  twelve  roughly  equal 
steps  without  serious  overlapping  of  transmission  ranges. 

Considerable  care  in  the  selection  of  the  glasses  and  the  ad¬ 
justment  of  their  thicknesses  was  necessary  in  constructing 
the  filters.  Wherever  possible,  use  was  made  of  glasses  having 
sharp  spectral  cutoff  or  sharp  absorption  bands.  The  glasses 
composing  the  filters  are  specified  in  Table  I.  Melt  numbers 
were  not  available  on  most  of  the  glasses  used. 

In  attempting  to  duplicate  these  filters  it  must  be  borne 
in  mind  that  color  variations  exist  between  melts  for  all 
types  of  glass,  and  even  within  a  given  melt  for  some  types. 


All  components  were  cemented  together  with  Canada 
balsam.  Certain  components,  such  as  Jena  YG  3,  Corning 
503,  and  Jena  BG  18,  subject  to  surface  deterioration  by 
moisture,  were  cemented  on  the  inside  of  a  filter  combination 
or  protected  by  a  cemented  disk  of  clear  glass.  The  filters 
can  be  depended  upon  to  be  permanent  to  a  high  degree. 

Spectral  transmission  curves,  plotted  on  a  logarithmic 
scale,  are  shown  in  Figure  2.  The  measurements  on  the  as¬ 
sembled  filters  were  made  on  a  photoelectric  spectropho¬ 
tometer,  using  slit  widths  of  from  1  to  4  m^-  Filters  42  and 
46  have  a  very  slight  transmission  for  red  light,  and  No.  51 
has  a  slight  transmission  near  560  m^,  too  small  to  appear  in 
the  curves.  Care  was  taken  to  reduce  such  extraneous  light 
transmission  to  a  minimum  for  all  combinations.  All  the 
filters  transmit  some  infrared  radiation. 

A  monochromatic  filter  is  specified  by  three  quantities: 

(1)  spectral  centroid,  expressing  its  effective  wave  length; 

(2)  luminous  transmission,  expressing  its  brightness;  and 

(3)  monochromaticity,  expressing  the  effectiveness  of  the 
filter  for  isolating  wave  lengths  near  the  centroid.  These 
quantities  for  the  twelve  filters  are  given  in  Table  II.  All 
data  refer  to  the  1931 1.  C.  I.  standard  observer  {20)  and  to  an 
illuminant  of  color  temperature  3000°  K.  (estimated  for  the 
source  used).  Spectral  centroids  and  luminous  transmission 
were  calculated  from  summations  at  5  m/x  intervals  in  the 
usual  way  {13). 

As  a  measure  of  monochromaticity  the  authors  have  chosen 
to  use  an  expression 

r\e  +  ax  /  r*> 

M=  EVTd\  /  /  EVTdX 

JXC- AX  /  J 0 

where  \c  is  the  spectral  centroid  of  the  filter,  AX  an  arbi¬ 
trarily  chosen  wave-length  interval,  E  the  spectral  distribu- 
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Table  I.  Composition  of  Monochromatic  Filters 


[Filter  No.  corresponds  approximately  with  spectral  centroid  of  combination.  Glasses  are  Corning  Glass  Works  unless  otherwise  indicated.  Sharp  cutoff  glasses 

are  specified  by  wave-length  positions  of  5  and  40  per  cent  transmission  (8).] 


Filter 

No.  Manufacturer’s  Designation 


42  No.  511  Violet 

587  Red  purple  ultra 


44  511  Violet 

46  511  Violet 

038  Noviol  A  (430,  436  m/») 


49  511  Violet 

430  Dark  shade  blue-green 
338  Noviol  C  (468,  482  m/0 


51  Jena  VG  3 

503  Dark  theatre  blue 
430  Dark  shade  blue-green 
338  Noviol  C  (480,  492  m/0 

54  503  Dark  theatre  blue 

430  Dark  shade  blue-green 
512  Didymium 
351  Yellow  shade  yellow 
(520,  530  m/0 


Thickness  Note 

Mm. 

2.52  Devised  by  R.  U.  Bon- 

2.00  nar,  this  laboratory. 

Dim,  with  rather 
poor  cutoff  in  blue. 

5.01 

2.54  Essentially  filter  speci- 

....  fied  by  Corning 

Glass  Works  for  iso¬ 
lation  of  Hg  436  m/i. 

1.00  This  glass  has  a  steeper 

6 . 50  long  wave-length 

....  slope  in  this  region 

than  other  glasses 
examined. 

2.00  This  filter  uses  a  sharp 

5 . 95  transmission  band  in 

7.20  the  VG3  glass. 


4.00  A  difficult  region  to 
3.58  isolate  sharply.  The 

2 . 00  didymium  glass  as- 

....  sists  in  cutoff  on 

long  wave-length 
side. 


Filter 

No.  Manufacturer’s  Designation 


56  No.  512  Didymium 
Jena  VG  3 

430  Dark  shade  blue-green 
350  Traffic  shade  yellow 
(530,  541  m/i) 


58  Jena  VG  3 

Jena  BG  18 
348  Red  shade  yellow 
(572,  581  m/0 

61  Jena  BG  18 

246  Lighthouse  red 
(592,  600  m/0 


65  Jena  BG  18 

241  Dark  pyrometer  red 
(633,  645  m/i) 

68  Jena  RG  5 

Jena  BG  18 

72  Jena  RG  9 


Thickness  Note 

Mm. 

5.84  Adapted  from  filter  de- 
1.96  vised  by  Gibson  (13) 

3.50  but  modified  to  re- 

....  duce  its  luminous 

transmission  and 
slight  extraneous 
transmission  which 
Gibson  notes  in 
green  and  orange. 

3.95 

2.08 


6 . 14  This  glass  has  a  steeper 

....  long  wave-length 

slope  in  this  region 
than  other  glasses 
examined. 

2. 14 

3.80 

0.70 

2.17 


Table  II.  Monochromatic  Filters 

[Description  of  monochromatic  filters  in  terms  of  spectral  centroid,  Xc, 
luminous  transmission,  T,  and  monochromaticity,  M.  Values  for  a  are  fac¬ 
tors  for  converting  wedge  scale  readings  (mm.)  to  density.] 


Filter  No. 

Xc 

T 

M 

a 

mil 

% 

42 

425 

0.001 

0.28 

0.01842 

44 

444 

0.035 

0.26 

0.01749 

46 

458 

0.099 

0.30 

0.01629 

49 

488 

0.077 

0.30 

0.01537 

51 

514 

0.052 

0.50 

0.01535 

54 

539 

0.137 

0.36 

0.01482 

56 

559 

0.986 

0.69 

0.01463 

58 

579 

0.229 

0.61 

0.01472 

61 

606 

0.240 

0.42 

0.01465 

65 

646 

0.078 

0.43 

0.01433 

68 

677 

0.091 

0.35 

0.01346 

72 

720 

0.037 

0.22 

0.01279 

tion  of  the  illuminant,  V  the  relative  luminosity  values  for 
the  I.  C.  I.  standard  observer,  and  T  the  spectral  transmission 
of  the  filter.  This  expression  is  similar  to  that  used  by  Staats 
(31)  for  expressing  the  purity  of  mercury  lamp  monochro- 
mats.  With  AX  taken  as  5,  as  in  the  present  case,  the  expres¬ 
sion  thus  represents  for  a  filter  the  fraction  of  its  total  lumi¬ 
nosity  lying  within  the  wave-length  interval  \c  —  5  to  \c  + 
5  m/i.  For  a  monochromator  with  slits  10  m/i  wide,  M  would 
be  unity.  Values  of  M  for  each  filter  were  determined  by 
plotting  luminosity  curves  on  uniform  cross-section  paper  and 
cutting  out  and  weighing  the  indicated  areas. 

Adequate  field  brightness  for  routine  work  under  conditions 
of  subdued  general  illumination  is  obtained  with  all  the  filters 
except  the  violet  filter,  No.  42.  When  using  this  filter,  the 
observer  should  work  in  a  dark  room. 

Although  the  spectral  centroids  given  in  Table  II  refer  to 
the  standard  observer,  calculations  show  that  they  are  valid 
within  sufficiently  close  limits  for  any  “normal”  observer. 
Applying  Gibson  and  Tyndall’s  data  (14)  for  the  average  and 
extreme  luminosity  curves  for  52  normal  observers  to  filter 
61,  the  calculated  centroid  was  606.2  m/i  for  the  average, 
605.8  m/x  for  the  lowest,  and  607.1  m/x  for  the  highest  lumi¬ 
nosity  curve  in  this  region. 

Calibration  of  Wedge  Scale 

The  relation  between  scale  reading  and  density  is  derived 
by  determining  wedge  settings  for  a  series  of  known  densities 
placed  in  the  sample  beam.  Known  density  values  of  high 
accuracy  between  0  and  1.0  were  furnished  by  a  set  of  fixed 
sector  disks  rotated  successively  in  the  sample  beam.  In  the 


density  range  1.0  to  2.0  the  sectors  were  supplemented  by  a 
plate  of  NG  5  glass  having  a  density  near  1.0  and  accurately 
measured  in  the  instrument  for  each  monochromatic  filter  in 
terms  of  the  rotating  sectors.  As  the  wedge  is  not  strictly  neu¬ 
tral,  calibration  with  each  of  the  twelve  filters  was  necessary. 

A  linear  relationship  between  scale  readings,  S,  and  den¬ 
sity,  D,  can  be  expressed : 

D  —  a(S  —  So)  (1) 

where  S0  is  the  scale  reading  with  the  sample  beam  unob¬ 
structed,  or  if  S0  is  made  equal  to  zero : 

D  =  aS  (2) 

The  latter  condition  (Equation  2)  can  be  realized  by  ad¬ 
justing  the  compensating  wedge. 

The  wedge  scale  was  found  to  be  accurately  linear  with  each 
of  the  twelve  filters.  The  conversion  factors,  a,  for  this  wedge 
for  each  filter  are  given  in  Table  II. 

Use  of  Instrument 

In  ordinary  “colorimetric”  chemical  analysis  conversion  of 
scale  units  to  densities  may  not  be  necessary,  and  the  opera¬ 
tor  works  from  a  standard  curve  prepared  under  standard 
conditions  with  the  pure  substance  to  be  determined.  For 
maximum  sensitivity  the  filter  chosen  has  its  highest  trans¬ 
mission  in  the  spectral  region  where  the  substance  under  ex¬ 
amination  exhibits  maximum  absorption.  If  a  spectrophoto- 
metric  curve  is  not  available,  this  selection  may  be  made  by 
noting  the  filter  which  gives  the  greatest  difference  in  reading 
between  two  concentrations  of  the  test  solution.  Consider¬ 
able  opportunity  is  offered  for  proper  selection  among  the  12 
filters  listed.  Choice  of  standard  volume  and  cell  length  con¬ 
trols  the  concentration  range  to  be  covered.  Standard  curves 
are  permanent,  and  for  a  fixed  chemical  system  the  making  up 
and  reading  of  standard  solutions  need  be  carried  out  only 
once.  Scale  reading  may  be  adjusted  by  means  of  the  com¬ 
pensating  wedge  to  allow  for  a  slight  residual  color  or  turbid¬ 
ity,  and  a  standard  test  glass  may  be  used  from  time  to  time 
to  check  the  wedge  adjustment. 

In  abridged  spectrophotometric  work,  where  it  is  desired 
to  express  results  in  terms  of  fundamental  quantities,  density 
(—log  transmission)  of  a  specimen  is  derived  from  Equation 
1  or  2,  using  the  appropriate  conversion  factor  for  the  filter 
used.  The  main  wedge  is  first  made  to  balance  at  or  near 
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zero,  with  nothing  in  the  specimen  beam,  by  means  of  the 
compensating  wedge.  The  absorbency  (  —  log  transmittancy) 
of  a  solution  is  derived  in  a  similar  way  with  the  main  wedge 
balanced  at  or  near  zero,  with  cell  and  solvent  in  place  in  the 
beam.  If  desired,  the  approximate  specific  absorptive  index, 
E  (extinction  coefficient),  may  be  calculated  from  the  rela¬ 
tion: 

E  =  a(S  —  So) /be  (3) 

where  b  —  solution  depth  in  cm.,  and  c  =  concentration  of 
solute  in  grams  per  100  ml.  of  solution. 

Since  the  solute  normally  obeys  Beer’s  law  and  the  filters 
are  monochromatic,  curves  correlating  concentrations  and 
scale  readings  are,  in  practice,  usually  linear.  [From  Equa¬ 
tion  3:  c  =  a(S  -  S0)/bE,  and  if  b  is  held  constant:  c  = 
F(S  -  <S0).]  Thus  a  simple  factor  can  be  derived  to  express 
concentrations  in  terms  of  scale  reading. 

The  precision  of  any  such  instrument  is  adversely  af¬ 
fected  by  low  field  brightness,  the  presence  of  a  hue  difference 
in  the  two  halves  of  the  photometric  field,  and  incomplete 
disappearance  of  the  photometric  field  dividing  line.  In  the 
present  case  low  field  brightnesses  are  encountered  with  speci¬ 
mens  of  high  density  with  the  violet  filter  and  some  .of  the 
other  filters.  Hue  differences  have  not  been  found  serious  in 
using  the  filters  described  in  routine  chemical  analysis,  and  the 
optical  design  is  such  that  with  a  properly  focused  eyepiece, 
the  dividing  fine,  at  balance,  is  nearly  invisible. 

The  reproducibility  of  measurements  was  tested  by  making 
30  wedge  settings  on  each  of  two  neutral  glasses  having  den¬ 
sities  of  near  0.6  and  1.8,  using  filter  51  (one  of  the  dimmer 
filters).  Standard  deviations  were  0.0032  and  0.0074  density 
unit,  respectively,  or  about  0.8  and  2.0  per  cent  of  the  trans¬ 
mission  values.  In  most  cases  the  average  of  five  settings  will 
give  a  sufficiently  precise  figure.  Very  few  chemical  systems 
have  been  investigated  which  demand  a  higher  precision  than 
that  attainable  with  the  instrument. 


Transmission  values  lying  roughly  within  the  limits  30  to 
3  per  cent  (densities  of  about  0.5  to  1.5)  can  be  measured  on 
the  instrument  with  best  accuracy.  These  values  correspond 
to  wedge  settings  of  about  30  to  100  mm.  For  transmission 
values  above  30  per  cent  the  experimental  error  of  wedge 
setting  becomes  an  increasingly  large  proportion  of  the  total 
wedge  displacement.  Thus  for  a  transmission  value  of  90 
per  cent,  the  total  wedge  displacement  is  only  about  3  mm., 
while  the  standard  deviation  of  wedge  settings  is  about  0.2 
to  0.3  mm.  Accuracy  of  measurement  for  transmission  values 
below  about  3  per  cent  may  fall  off  because  of  low  field  bright¬ 
ness  with  certain  filters. 

To  illustrate  the  performance  of  the  instrument  in  furnish¬ 
ing  abridged  spectral  transmission  data,  scale  readings  were 
made  on  a  pair  of  colored  glasses  standardized  by  the  National 
Bureau  of  Standards  for  spectral  transmission.  In  Figure  3 
the  points  shown  are  measured  transmissions,  conveited  from 
scale  readings,  plotted  against  the  spectral  centroids  of  the 
filters.  The  smooth  curves  are  drawn  through  the  Bureau  of 
Standards  data.  Deviations  from  the  true  spectral  trans¬ 
mission  curves  greater  than  the  experimental  error  of  wedge 
setting  and  wedge  calibration  occur  for  two  reasons:  (1)  The 
filters  transmit  a  relatively  wide  spectral  range  (analogous  to 
a  spectrophotometric  slit  width  error),  and  (2)  the  filter. cen¬ 
troid  is  not  always  the  same  with  and  without  the  specimen 
in  the  beam  (hue  difference  error).  These  deviations  will 
occur  where  the  slope  of  the  transmission  curve  is  not  zero 
or  near  zero.  These  samples  provide  a  severe  test,  and  the 
agreement  shown  may  be  considered  good  for  an  abridged 
spectrophotometer.  With  neutral  specimens  or  with  a  filter 
which  subtends  an  essentially  flat  part  of  a  spectral  transmis¬ 
sion  curve,  very  close  agreement  with  spectrophotometiic 
data  should  be  expected. 

In  the  authors’  work  the  instrument  has  proved  superior 
in  sensitivity,  accuracy,  and  convenience  to  comparators  of 
the  Duboscq  type  in  which,  as  usually  employed,  chromaticity 
discrimination  and  the  frequent  making  up  of  standard  solu¬ 
tions  are  involved.  Though  the  precision  is  not  so  high  as 
with  a  good  photoelectric  photometer,  it  is  believed  that  the 
instrument  described  is  more  sturdy  and  trouble-free  than  a 
photoelectric  photometer  capable  of  using  the  filters  fisted 

here.  . 

The  neutral  wedge  photometer  has  been  applied  in  the  De¬ 
partment  of  Agriculture  to  an  increasing  number  of  chemical 
analytical  problems.  Since  its  application  to  the  determination 
of  lead  (7,  17)  it  has  been  applied  to  the  determination  of 
fluorine  (9),  carotene  (25),  mercury  (34),  indole  (6),  lactic 
acid  (16),  arsenic  {21),  phosphate  (12),  nicotine  (22),  pheno- 
thiazene  (26),  methanol  (1),  color  of  whisky  (2),  coumarm 
(33),  and  cyanide  (35).  A  number  of  other  applications  have 
been  brought  to  the  authors’  attention  through  personal  com¬ 
munication  and  will  probably  be  described  later.  It  would 
appear  that  the  instrument,  with  its  wide  choice  of  filters  and 
cell  lengths,  is  readily  adaptable  to  most  standard  colori¬ 
metric  or  turbidimetric  chemical  determinations. 
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Heat  Control  Units 

JOHN  A.  RIDDICK 

Research  Department,  Commercial  Solvents  Corporation,  Terre  Haute,  Ind. 


THE  most  common  laboratory  methods  for  controlling 
the  temperature  of  heating  elements  involve  the  use  of 
polarized  rheostats  and  lamp  banks.  The  field,  or  point  con¬ 
tact,  rheostat  gives  a  stepwise  change  in  temperature.  The 
Forsythe,  or  sliding  contact  tube,  type  gives  a  more  uniform 
temperature  change  but  has  the  disadvantages  of  being  a 
hazard  when  used  on  110-  or  220-volt  circuits,  because  of 
exposed  live  metal  parts,  and  of  “sweating”  when  water- 
cooled.  The  lamp  bank  is  usually  constructed  of  porcelain 
receptacles  with  exposed  terminals,  and  a  close  control  of  the 
heating  element  is  impossible.  All  three  control  units  gener¬ 
ate  heat  and  the  lamp  bank  emits  light  that  is  usually  un¬ 
wanted  and  badly  placed.  Of  the  three  methods  mentioned, 
the  Forsythe  rheostat  is  the  most  satisfactory,  as  it  occupies  a 
relatively  small  space  and  polarized  hookups  are  easier  to 
make. 


Figure  1.  Schematic  Wiring  Diagram 

G.  Identified  or  ground  wire 
L.  Neon  glow  lamp,  1  watt 
S.  Switch,  P  &  S,  Despard 
V.  Variac,  Type  200-C 

The  introduction  of  the  non-vacuum-jacketed  fractionating 
column,  such  as  the  Penn  State  type,  into  the  analytical  labo¬ 
ratory  necessitated  a  closer  control  of  heat  than  was  possible 
with  the  field  rheostat  and  a  safer  control  than  was  possible 
with  the  Forsythe  instrument.  The  number  of  heating  ele¬ 


ments  in  the  jacket  of  a  fractionating  column  depends  on  its 
length  and  the  use  for  which  it  is  designed.  Since  laboratory 
fractionating  units  are  made  of  glass,  the  number  of  wires  in 
the  heated  jacket  type  should  be  at  a  minimum  to  allow  unob¬ 
structed  vision  and  placement  of  thermocouple  leads.  The 
minimum  number  of  leads  to  the  heating  elements  is  one  more 
than  the  number  of  elements.  An  ideal  heat  control  would 
allow  its  use  with  any  column  on  the  rack.  This  necessitates 
a  certain  amount  of  standardization  in  attachment  plugs  and 
the  control  unit. 

The  variable  autotransformer  has  been  found  to  overcome 
the  disadvantages  mentioned,  and  the  panel  type  is  suited  for 
incorporation  in  a  control  panel  of  maximum  adaptability. 
There  are  several  such  instruments  on  the  market.  The 
Variac,  Type  200-CU,  manufactured  by  the  General  Radio 
Company,  Cambridge,  Mass.,  has  been  used  in  these  labora¬ 
tories  and  has  given  excellent  service.  For  general  laboratory 
work  the  860  volt-ampere  instrument  has  proved  satisfactory. 
The  three  panels  described  below  have  been  found  to  meet  any 
need  that  has  arisen  in  these  laboratories  since  the  control 
panel  was  developed  two  years  ago.  They  are  constructed  to 
give  maximum  safety  with  judicial  use,  and  may  be  used  as 
wall  panels  or  set  on  the  laboratory  desk  top. 

The  first  panel  developed  was  a  two-autotransformer  unit, 
the  schematic  wiring  diagram  of  which  (front  view)  is  shown 

in  Figure  1.  The  sym¬ 
bols  used  are  the  common 
conventions  except  those 
for  the  convenience  recep¬ 
tacles.  The  connections 
to  the  three-pole  conven¬ 
ience  outlets  in  all  dia¬ 
grams  are  numbered  to  call 
attention  to  the  uniform 
connection  of  poles  with 
the  controls.  These  posi¬ 
tions  are  determined  from 
the  connections  of  the 
center,  or  common, 
three-pole  convenience 
receptacle.  The  left  auto¬ 
transformer  connects  to 


Figure  2.  Alternate  Load 
Positions 
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the  upper  receptacle  terminal,  the  right  one  to  the  lower 
receptacle  terminal.  The  identified  wire  is  connected  accord¬ 
ing  to  the  receptacle. 

The  maximum  number  of  heating  units  that  may  be  used 
with  this  panel  is  two. 


For  individual  control  of  two  heating  units  in  parallel  with  a 
common  lead,  the  attachment  plug  is  plugged  in  the  common,  or 
center,  three-pole  convenience  receptacle.  This  circuit  is  shown 
in  Figure  2,  B.  The  left  autotransformer  controls  the  lower 
heating  unit  and  the  right  autotransformer  controls  the  upper 
unit.  The  identified  wire  is  connected  to  the  right  terminal  of  the 

receptacle.  ,  ,  . 

If  the  attachment  plug  is  plugged  in  the  left-hand  three-pole 
convenience  receptacle,  the  heating  units  are  thrown  in  series  and 
the  identified  wire  is  now  in  the  lower  terminal.  This  circuit  is 
shown  in  Figure  2,  A. 

When  the  attachment  plug  is  in  the  right-hand  three-pole  con¬ 
venience  receptacle,  the  heating  units  are  also  in  series  and  the 
identified  wire  is  the  upper  terminal.  In  the  right-  and  left-hand 
receptacles  the  right  terminals  are  not  connected.  The  identified 
terminal  is  the  “roving  terminal”  because  1  and  2  are  “hot”  and 
it  is  desirable  to  know  the  location  of  the  “hot”  wire  for  safety. 

The  three-wire  cord  lead  from  the  heating  unit  to  the  control 
panel  is  a  rubber-covered  portable  cord,  the  wires  of  which  are 
covered  with  an  identifying  colored  rubber.  The  colors  used  in 
these  laboratories  are  white,  red,  and  black.  By  accepted  prac¬ 
tice  the  white  is  the  identified  wire.  To  simplify  or  standardize 
the  wiring,  the  term  "red-top,  black-bottom”  is  used.  The  red 
wire  connects  to  the  control  terminal  for  the  top  heating  unit 
and  the  black  wire  connects  to  the  control  terminal  for  the  bottom 


(-)  Two-Pole  Convenience 

Rece  pt  a  c  I  e  -Rola  rized 

Figure  3.  Schematic  Wiring  Diagram 


A  control  panel  more  suited  for  general  laboratory  utility 
is  the  same  as  described  but  has  two  additional  two-pole  con¬ 
venience  outlet  receptacles  (Figure  3).  These  polarized  recep¬ 
tacles  are  used  with  the  identified  wire  at  the  bottom.  This 
panel  may  be  used  with  any  two  heating  elements  having  a 
common  lead,  utilizing  the  elements  either  in  series  or  parallel. 
In  addition  it  may  be  used  for  the  control  of  a  single  unit 
heater  equipped  with  a  two-wire  portable  cord.  These  two- 
pole  receptacles  may  be  used  for  heat  control  of  small  frac¬ 
tionating  columns,  laboratory  heaters,  hot  plates,  and  boiling 
point  apparatus. 


(U?  Four-Pole  Convenience 
Receptacle 

Figure  4.  Schematic  Wiring  Diagram 


The  construction  of  a  20-foot  all-glass  column  with  a  three- 
element  jacket  heating  unit  and  the  development  of  the  pot 
heat-input  control  ( 1 )  necessitated  the  use  of  a  control  panel 
with  three  polarized  autotransformers.  The  schematic  wiring 
diagram  for  this  panel  is  shown  in  Figure  4.  The  same  con¬ 
nection  conventions  were  followed  as  in  the  previous  figures. 
This  arrangement  gives  a  maximum  of  utility  without  adding 
so  many  convenience  outlet  receptacles  as  to  cause  confusion. 
The  addition  of  two-pole  outlets  for  autotransformers  Vi  and 
Vi  was  contemplated,  but  rejected  because  of  the  excessive 
number  of  outlets. 


heating  unit.  The  white  wire 
connects  to  the  terminal  of 
the  common  lead.  The  same 
color  scheme  is  used  in  wiring 
the  panel:  black  wire  for  the 
left  autotransformer,  red  wire 
for  the  right,  and  white  for  the 
identified  wires. 

To  wire  the  attachment  plug, 
the  plug  is  held  with  the  prongs 
toward  the  operator  and  the 
identified  terminal  to  the  right. 
The  red  wire  connects  to  the 
top  and  the  black  to  the  bottom 
terminals. 

To  secure  the  maximum 
utility  from  a  control  panel  it 
should  be  adapted  to  general 
laboratory  work;  there  must 
be  a  uniformity  in  the  con¬ 
struction  of  the  units  and  a 
uniformity  in  the  wiring  attach¬ 
ment  plugs.  If  one  knows  the 
color  of  the  wire  attached  to 
heating  units  connected  in 
parallel,  the  autotransformer 
that  controls  each  unit  is  auto¬ 
matically  known.  This  saves 
time  and  assures  the  proper 
control  where  desired. 
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Figure  7.  Photograph  of  Finished  Panel 


built  into  a  portable  panel  without  making  it  cumbersome 
and  heavy.  However,  there  is  no  reason  why  four,  five,  or  six 
instruments  cannot  be  connected  to  give  the  maximum  utility 
by  elaborating  the  diagrams  as  given. 

The  auto  transformer  allows  the  jacket  temperatures  of 
fractionating  columns  to  be  adjusted  at  any  temperature  de¬ 
sired  to  within  the  precision  of  the  jacket  thermometers  (0° 
to  360°  C.)  or  thermocouple  potentiometer.  In  well-insulated 
apparatus  the  rate  of  boiling  of  solvents  has  been  adjusted  to 
within  1  per  cent  of  the  desired  rate  in  terms  of  drops  per 
minute  or  milliliters  per  hour.  In  the  evenings  when  the 
voltage  is  constant  the  rate  has  been  adjusted  to  within  0.5 
per  cent. 


Figure  6.  Box  Assembled, 
Seams  Welded 


This  panel  may  be  used  for  the  control  of  two 
heating  elements  connected  in  parallel  with  the 
common  lead  by  plugging  in  the  middle  three- 
pole  convenience  receptacle,  or  the  two  left-hand 
autotransformers  may  be  used  independently 
with  three-pole  attachment  plugs  by  plugging 
in  the  left-hand  and  the  right-hand  three-pole 
convenience  receptacles.  The  right-hand  autotransformer  can¬ 
not  be  used  with  a  three-pole  convenience  receptacle  but  only 
with  a  two-pole  polarized  attachment  plug.  The  three  auto¬ 
transformers  may  be  used  on  a  three-circuit  heating  system 
with  a  common  lead — that  is,  a  star  hookup — by  using  a  four- 
pole  attachment  plug  and  the  four-pole  convenience  receptacle. 
When  an  autotransformer  is  used  to  control  a  heating  element 
from  one  convenience  receptacle,  it  cannot  be  used  for  the  control 
of  another  heating  element  from  another  of  the  convenience 
receptacles — that  is,  the  middle  autotransformer  cannot  be  used 
to  control  a  heating  element  from  terminal  2  from  the  middle 
three-pole  convenience  receptacle  and  also  a  heating  element 
from  the  right-hand  three-pole  convenience  receptacle. 

The  panels  in  these  laboratories  are  made  of  16-gage  black 
iron.  Wood  may  be  used,  but  it  is  not  recommended  because  of 
fire  hazards  present  where  fractionating  equipment,  boiling  point 
apparatus,  etc.,  are  used. 


The  developed  view  of  the  panel  for  the  hookup  shown  in 
Figure  3  is  shown  in  Figure  5.  The  iron  is  bent  along  the  dot¬ 
ted  lines  and  seam-welded  into  the  assembled  box  (Figure  6). 
The  photograph  of  this  finished  panel  is  shown  in  Figure  7. 
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The  control  panels  as  described  should  meet  the  needs  for 
heat  control  in  practically  all  cases  encountered  in  the  labora¬ 
tory.  Three  autotransformers  are  the  maximum  that  may  be 
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Removal  of  Adhered  Rubber  Stoppers 


IN  THE  Analytical  Edition  of  Industrial  and  Engineer¬ 
ing  Chemistry  for  January  15,  1940  (page  52),  there  ap¬ 
peared  a  note  by  A.  J.  Bailey  on  the  removal  of  adhered  rubber 
stoppers.  Shortly  thereafter  two  readers  called  our  atten¬ 
tion  to  the  similarity  between  this  note  and  one  by  Lynn  D. 
Wilson  which  appeared  in  the  November,  1939,  issue  of  the 
Chemist- Analyst. 

It  has  been  ascertained  that  Mr.  Wilson’s  note  reached  the 
Chemist-Analyst  some  months  before  Mr.  Bailey’s  note  was 
received  here,  but,  as  pointed  out  in  the  latter,  it  seemed 
inevitable  that  this  method  had  been  known  and  used.  Mr. 
Bailey  merely  wished  to  emphasize  its  unusual  effectiveness 
and  the  motive  in  publishing  the  note  was  to  make  it  generally 
available  to  chemists,  since  it  had  served  the  author  and  his 
fellow  research  men  so  satisfactorily. 

It  is  unfortunate  that  neither  Mr.  Bailey  nor  any  of  those 
through  whose  hands  the  note  passed  saw  the  previously  pub¬ 
lished  note  by  Mr.  Wilson. 

M.  Parkin  of  the  University  of  Sheffield,  England,  advises 
us  that  he  has  used  the  method  for  20  years  and  that  if  a 


drop  or  two  of  water  is  introduced  between  the  glass  and  the 
rubber  at  the  point  of  insertion  of  the  file,  the  subsequent 
removal  of  the  stopper  is  very  greatly  facilitated. 

F.  A.  Robinson,  Glaxo  Laboratories,  Ltd.,  Greenford, 
Middlesex,  England,  states  that  the 
method  is  not  without  risk  to  the  ther¬ 
mometer,  whereas  the  following  method 
is  even  simpler  and  there  is  little  risk  of 
accident : 

Moisten  with  glycerol  or  sodium  hydroxide 
solution  the  end  of  a  cork  borer  slightly  larger 
in  diameter  than  the  thermometer  or  tubing 
to  be  removed.  Slide  the  cork  borer  over 
the  end  of  the  latter  and  rotate  it  slowly 
while  applying  gentle  pressure.  The  rubber 
is  forced  away  from  the  glass  in  preference 
to  being  cut  through  by  the  cork  borer,  which 
gradually  passes  through  the  hole  in  the 
stopper,  leaving  the  thermometer  free.  It 
may  be  necessary  to  apply  fresh  lubricant 
to  the  cork  borer  from  time  to  time.  The 
accompanying  diagram  illustrates  the  idea. 


A  New  Development  in  Thermionic  Relays 

HOWARD  M.  WADDLE  AND  WALTER  SAEMAN 
Georgia  School  of  Technology,  Atlanta,  Ga. 


THE  applications  of  radio  tube  relay  circuits  are  numerous 
in  experimental  work.  Controlling  temperature  in  water 
and  oil  baths  and  regulating  the  pressure  in  vacuum  distilla¬ 
tion  are  suggested  uses.  In  general,  the  relay  here  described 
can  be  used  with  any  apparatus  in  which  it  is  necessary  to 
keep  the  current  in  the  control  circuits  very  low  in  order  to 
avoid  sparking  or  corrosion  of  electrical  contacts,  as  in  pres¬ 
sure-regulating  manometers  ( 1 ,  2)  and  thermoregulators  (5). 

The  advantages  of  this  relay  circuit  are  low  cost  and  sim¬ 
plicity  of  construction,  wide  range  and  ease  of  adjustability 
for  use  with  different  relays,  fine  sensitivity,  and  strong  plate 
current.  In  many  of  these  respects  it  is  an  improvement  over 
other  types  of  relay  circuits  described  in  previous  articles 
(3,  4).  Even  relays  made  by  rewinding  low-priced  electric 
bells  with  sufficient  No.  38  copper  enameled  wire  to  make 
their  resistance  1500  ohms  or  more,  worked  very  well.  The 
entire  apparatus,  using  a  rewound  electric  bell  relay,  has  been 
constructed  at  a  cost  of  less  than  $3.00  for  material. 


This  apparatus  operates  directly  from  110-volt  alternating 
'current  lines.  The  wiring  diagram  shows  the  manner  in  which 
the  connections  are  made.  T\  is  a  25Z5  rectifier  tube  used  as  a 
voltage  doubler.  C i  and  C2  are  two  4-mfd.  electrolytic  condensers. 
If  the  relay  armature  shows  a  tendency  to  hum,  a  1-mfd.  con¬ 
denser,  C3,  may  be  used,  but  this  is  seldom  necessary  since  continu¬ 
ous  rectified  current  flows  through  the  relay.  T 2  is  a  6C5  ampli¬ 
fier  tube  whose  maximum  plate  current  can  be  raised  to  about 
15  milhamperes.  Ri  is  a  40-watt  Mazda  lamp  used  as  a  filament 
resistor  for  the  two  tubes.  R2  is  a  10,000-ohm,  10-watt,  variable 
resistor,  and  through  it  the  grid  bias  voltage  may  be  regulated. 
R3  is  a  2-megohm  resistor  used  to  prevent  excessive  currents  from 
flowing  through  the  control  circuit.  Pi  and  P 2  indicate  the  con¬ 
tact  points  in  the  control  apparatus.  A  relay  from  one  to  several 


thousand  ohms  is  hooked  across  M.  If  there  is  danger  of  ground¬ 
ing  the  circuit  through  the  control  leads,  Pi  or  P 2,  another  resis¬ 
tor,  Ri,  may  be  inserted  to  avoid  this  danger.  Its  value  should  be 
about  one  tenth  that  of  R3. 

Connecting  the  control  apparatus  as  shown  in  the  main  dia¬ 
gram  causes  the  relay  magnet  to  open  when  the  control  contacts 
close.  The  inset  shows  an  alternative  connection  in  which  the 
relay  magnet  closes  when  the  control  contacts  close.  Ordinarily 
a  2000-ohm  relay  should  operate  well  with  about  5000  ohms  on 
the  grid  bias  resistor,  P2,  but  if  the  relay  shows  a  tendency  to  stick 
when  it  should  open,  the  grid  bias  may  be  increased.  For  each 
relay  used  with  this  circuit  the  grid  bias  resistance  should  be  set 
high  enough  to  permit  the  free  opening  of  the  relay  when  the  con¬ 
trol  contacts  close. 

Other  factors  which  enter  into  the  proper  operation  of  this 
apparatus  are  the  adjustment  of  the  spring  tension  on  the  relay 
armature,  and  the  modification  of  the  contact  between  the  arma¬ 
ture  and  the  pole  pieces  of  the  magnet.  By  cementing  a,  thin 
piece  of  paper  or  mica  over  the  pole  pieces  an  air  gap  is  intro¬ 
duced  in  the  magnetic  circuit  and  metal-to-metal  contact  is 
avoided.  A  small  plate  current  must  flow,  even  when  the  control 
contacts  have  closed,  in  order  to  produce  a  negative  grid  bias; 
and  this  current,  although  small  in  comparison  with  the  plate 
current  when  the  control  contacts  are  open,  nevertheless  may  pro¬ 
duce  sufficient  magnetism  to  cause  the  armature  to  stick  if  there 
is  a  closed,  metallic,  magnetic  circuit.  However,  this  latter  ad¬ 
justment  is  seldom  necessary. 

The  advantages  claimed  for  this  circuit  are  gained  by  using 
a  more  suitable  amplifier  tube,  operating  it  at  double  the 
voltage  used  in  the  previously  mentioned  circuits  (S,  4-)>  ar*d 
using  a  variable  resistor  in  order  to  provide  simple  and  ac¬ 
curate  control  of  grid  bias.  The  control  circuit  current  is  of 
the  order  of  a  few  microamperes,  and,  when  properly  adjusted, 
the  time  lag  between  the  control  circuit  and  the  relay  circuit 
is  negligible. 

Several  different  types  of  relays  have  been  used  with  this 
circuit,  including  type  ABTX1  from  Struthers  and  Dunn 
Company,  and  others  which  had  been  rewound  to  operate 
in  this  circuit,  and  all  worked  equally  well.  This  develop¬ 
ment  should  answer  well  the  needs  of  workers  who  must  de¬ 
pend  on  their  own  resources  to  build  their  control  apparatus, 
or  who  do  not  wish  to  invest  in  the  more  expensive  types  of 
commercial  relays  now  on  the  market. 
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FRIEDRICH  Emich,  who  died  on 
the  22nd  of  January,  1940,  was 
born  in  Graz  on  the  5th  of  September, 

1860.  The  gods  must  have  smiled  upon 
his  cradle.  They  presented  him  with  a 
keen  intellect,  a  fanatical  love  of  truth, 
a  deep  sense  of  justice,  and  a  kind 
heart;  and  they  ordained  that  during 
his  whole  life  he  should  be  surrounded 
by  people  he  loved  and  who  cherished 
him. 

Throughout  practically  his  entire 
academic  life,  Emich  was  affiliated  with 
the  Technische  Hochschule  in  Graz.  It 
was  here  that  he  began  his  chemical 
studies  in  1878  and  completed  them  in 
1884  while  a  teaching  fellow  under 
Professor  R.  Maly.  Four  years 
later,  his  Alma  Mater  admitted 
him  as  a  Privatdozent,  and  ap¬ 
pointed  him  an  ausserordent- 
lichen  professor  in  1889. 

Promotion  to  a  full  professorship 
followed  in  1894,  and  Emich  continued  to  serve  in  this 
capacity  until  his  retirement  in  1931.  He  served  repeatedly 
as  chancellor  of  the  Hochschule  and  as  dean  of  the  Chemi¬ 
cal  Faculty.  His  last  term  as  chancellor  fell  during  critical 
times  of  reconstruction  in  Austria,  simultaneously  with  Fritz 
Pregl’s  term  as  chancellor  of  the  University.  Pregl  re¬ 
peatedly  pointed  out  that  their  combined  efforts  and  per¬ 
fect  cooperation  prevented  serious  clashes  between  the  op¬ 
posed  factions  of  students,  which  might  have  led  to  the  per¬ 
manent  closing  of  both  Hochschulen,  as  at  that  time  the 
government  would  have  welcomed  any  excuse  for  a  curtail¬ 
ment  of  expenditures. 

For  more  than  twenty  years,  the  graduate  lectures  in  in¬ 
organic  and  general  chemistry,  as  well  as  in  organic  chemistry, 
were  assigned  to  Emich.  The  lecture  room  with  its  steeply 
rising  seats,  which  was  exclusively  reserved  for  the  daily 
lecture,  had  been  equipped  under  his  direction  by  his  tech¬ 
nician  with  every  imaginable  device  for  the  demonstrations. 
It  was  not  unusual  to  have  ten  to  twenty  experiments  per¬ 
formed  during  a  single  lecture. 

Emich  considered  his  teaching  assignment  as  a  high 
privilege  and  never  entered  the  lecture  room  without  being 
under  nervous  tension  and  spiritually  prepared  and  deter¬ 
mined  to  give  his  best.  With  words  and  demonstrations 
forming  a  coherent  artistic  unit,  voice  and  expression  follow¬ 
ing  the  sentiments  of  the  lecturer  from  the  casual  remark  to 
the  climax,  every  hour  with  Emich  was  a  revelation  and  an 
emotional  experience.  The  failure  of  an  experiment  left  him 
depressed  for  days.  He  was  most  brilliant  when  alone  with 
the  students;  the  presence  of  an  outsider  or  even  an  older 


student,  who  desired  to  hear  a  par¬ 
ticular  lecture  a  second  time,  could 
noticeably  diminish  his  enthusiasm. 

Emich’s  early  research  work  has 
been  overshadowed  by  his  later  pio¬ 
neering  in  the  field  of  microchemis¬ 
try.  Investigations  on  the  bile  acids 
(1882-85)  were  inspired  by  his  contact 
with  Professor  Maly.  Later  work  dealt 
with  subjects  of  general  and  inorganic 
chemistry:  the  chemistry  of  nitrogen 
oxides  (1892-94),  the  inflammability  of 
thin  layers  of  explosive  gases  (1897— 
1900),  the  determination  of  the  density 
of  gases  with  Bunsen’s  method  at  tem¬ 
peratures  up  to  2000°  and  the  spatter¬ 
ing  of  iridium  in  water  vapor  and 
carbon  dioxide  (1903-08),  the  forma¬ 
tion  of  tin  dioxide  from  melts 
of  pure  tin  and  the  detection 
of  traces  of  iron  (1893),  and 
the  preparation  of  titanium- 
tetrafluoride  (1904).  All  this 
work  may  be  found  in  the  Monatshefte  fur  Chemie. 

Development  of  Microchemistry 

Emich  must  be  considered  the  pioneer  and  founder  of  the 
science  of  microchemistry,  since  he  was  the  first  to  attempt 
general  chemical  and  physico-chemical  experimentation  on  a 
small  scale.  His  inaugural  address,  presented  in  1899  as 
chancellor  of  the  Technische  Hochschule  (29),  on  the  perfec¬ 
tion  of  the  experimental  aids  of  the  chemist,  gives  a  clear 
picture  of  his  research  aims  in  microchemistry.  He  discusses 
practical  and  theoretical  limits  of  sensitivity  and  describes, 
among  others,  an  experiment  on  a  glow  discharge  in  hy¬ 
drogen.  Eliminating  all  the  light  but  that  required  to  let  the 
Ha  line  appear  as  a  tiny  star  in  the  spectroscope,  he  calculates 
a  limit  of  identification  of  10 _15  gram  of  hydrogen  (16). 

Emich  never  wanted  to  commit  himself  to  a  concise  defini¬ 
tion  of  microchemistry;  he  could  not  see  the  necessity  for 
such  a  definition.  However,  his  microchemical  work  since 
1900  and  his  comprehensive  publications  deal  with  small- 
scale  experimentation  in  chemistry,  including  general,  in¬ 
organic,  organic,  and  analytical  chemistry,  and  lecture  demon¬ 
strations  in  all  these  fields.  Thus,  his  work  in  the  branch  of 
science  he  had  called  into  being  indicated  what  he  felt  it  com¬ 
prised. 

Qualitative  identification  by  means  of  slide  tests  had  been 
developed  from  1850  to  1900  chiefly  by  Wormley,  Streng, 
Haushofer,  and  H.  Behrens.  In  1877  Goldschmidt  (37)  de¬ 
scribed  a  method  for  the  quantitative  determination  of  small 
amounts  of  gold  by  the  microscopic  measurement  of  the 
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diameter  of  the  spherical  bead.  Aside  from  this  work,  which 
can  be  properly  classified  as  chemical  microscopy,  no  attempt 
had  been  made  purposely  to  reduce  the  quantities  of  material 
in  chemical  operations.  Emich’s  decision  to  inquire  generally 
into  the  lower  limits  of  chemical  experimentation  started  the 
development  of  a  microtechnique  of  chemistry,  with  Emich 
blazing  the  trails  in  all  directions.  His  exact  share  in  the  work 
cannot  be  overestimated,  since  his  advice  was  generously  avail¬ 
able  for  everybody.  Every  work  emanating  from  his  own 
laboratory  is  not  always  recognizable  as  such.  Very  often 
only  the  name  of  his  co-worker  appears  as  author,  in  spite  of 
the  fact  that  Emich  rarely  suggested  an  investigation  without 
having  done  sufficient  experimental  work  to  be  assured  of  a 
satisfactory  solution. 

By  1911,  the  year  of  the  publication  of  Emich’s  “Lehrbuch 
der  Mikrochemie”  (16),  the  complete  outline  of  microchem¬ 
istry  was  established,  mostly  on  the  basis  of  the  experimental 
work  of  Emich  and  his  assistant,  Julius  Donau.  The  tech¬ 
nique  of  qualitative  analysis  of  milligram  samples  with  the 
use  of  microcones  of  0.7-ml.  capacity  had  been  developed  and 
tested.  The  development  of  the  fiber  technique  (12,  19,  20) 
led  to  the  discovery  of  confirmatory  tests  with  limits  of  iden¬ 
tification  as  low  as  10-10  gram,  and  permitted  simple  chemical 
operations  with  fractions  of  a  microgram  of  material.  The 
invention  of  the  coloriscopic  capillary  (S3)  extended  the  use¬ 
fulness  of  colorations  for  the  detection  of  small  quantities 
of  materials,  and  permitted  absorption  spectroscopy  and 
polarimetry  (8)  on  small  volumes  of  liquids. 

The  suitability  for  chemical  work  of  simple  balances  con¬ 
structed  of  glass  or  quartz  had  been  demonstrated  by  Walter 
Nernst  in  1903;  he  used  such  a  balance  for  weighing  small 
samples  of  inorganic  substances  for  the  determination  of 
the  vapor  density  in  a  small  platinum  apparatus,  utilizing 
the  principle  of  Victor  Meyer  (44).  The  same  balance  was 
also  used  by  Nernst  and  Riesenfeld  (45)  for  residue  determina¬ 
tions  on  small  samples.  Brill  and  Evans  (7)  performed 
quantitative  determinations  of  small  quantities  of  metals  by 
electrolytic  precipitation.  Emich  (34)  was  the  first  to  carry 
out  a  procedure  for  the  quantitative  collection  of  small 
amounts  of  precipitates,  and  his  co-worker  Donau  performed 
quantitative  determinations  on  samples  weighing  a  few 
milligrams  with  and  without  previous  separations.  Micro- 
Carius  determinations  of  halogen  and  sulfur  in  organic  sub¬ 
stances  were  tried  and  gave  satisfactory  results.  Procedures 
for  the  titrimetric  determination  of  small  quantities  of  sub¬ 
stances  had  been  worked  out  by  Dutoit  (10),  Ebler  (11),  and 
Zsigmondy  and  Heyer  (53).  Emich’s  co-worker  Pilch  (46), 
however,  was  probably  the  first  to  perform  micro-Kjeldahl 
determinations. 

There  is  no  doubt  that  microchemistry,  which  would  have 
been  a  badly  chosen  synonym  for  chemical  microscopy  in 
1900,  had  emerged  by  1910  as  an  established  branch  of  science 
because  of  Emich’s  efforts  as  investigator,  inventor,  organizer, 
and  propagator.  His  summarizing  lectures  before  learned 
societies  such  as  the  Deutsche  chemische  Gesellschaft  (14), 
the  Verein  deutscher  Naturforscher  und  Aerzte  (26),  and  the 
Verein  osterreichischer  Chemiker  (27),  as  well  as  the  publica¬ 
tion  of  his  Lehrbuch,  could  not  fail  to  further  the  general 
recognition  of  the  field,  accomplishments,  and  applications  of 
chemical  micromethods. 

After  1910  new  centers  of  microchemical  research  began  to 
appear.  Krogh  (41)  had  published  in  1908  a  paper  on  gas 
microanalysis  which  opened  a  distinct  line  of  endeavor.  The 
discovery  of  radioactive  elements  necessitated  accurate 
residue  determinations  on  small  quantities  of  material  for 
the  determination  of  atomic  weights.  This,  among  other 
things,  led  to  the  construction  of  extremely  sensitive  quartz 
balances  such  as  those  of  Gray  and  Ramsay  (38). 

The  impossibility  of  analyzing  the  small  amounts  of  organic 


substances  isolated  from  gallstones  would  have  forced  Pregl 
in  1909  to  start  with  considerably  larger  quantities  of  raw 
material.  Emich’s  success  in  developing  quantitative  micro¬ 
methods,  however,  opened  another  alternative,  undreamed  of 
before  that  time.  He  decided  to  develop  micromethods  for 
the  quantitative  elementary  analysis  of  organic  substances. 
Work  in  the  same  direction  had  been  started  in  Emich’s 
laboratory,  but  it  was  now  decided  to  cede  this  field  to  Pregl. 
The  possible  consequences  of  this  decision  may  not  have  been 
considered  by  Emich,  who  always  was  fascinated  by  the  diffi¬ 
culties  of  a  problem  or  the  ingenuity  of  its  possible  solution 
rather  than  by  its  practical  merits.  Pregl  reported  on  his 
methods  of  elementary  analysis  at  a  meeting  of  the  Deutsche 
chemische  Gesellschaft  in  Berlin  on  February  27,  1911. 

The  existent  need  for  procedures  of  organic  microanalysis 
gave  the  interest  in  microchemistry  a  strong  impetus  which 
received  a  renewed  impulse  with  the  publication  in  1913  of 
Bang’s  papers  (5)  on  the  microdetermination  of  blood  con¬ 
stituents.  The  same  year  brought  the  publication  of  the 
books  by  Molisch  and  Tunmann  on  the  microchemistry  of 
plants.  From  approximately  1910  to  1930  organic  elementary 
analysis  and  biochemical  methods  were  the  branches  of  micro¬ 
chemistry  on  which  general  interest  was  centered.  By  1920 
regard  for  these  branches  reached  its  peak,  and  microchem¬ 
istry  was  in  the  limelight. 

Emich  held  to  his  agreement  with  Pregl,  and  continued  his 
admirable  work  on  the  general  development  of  technique. 
While  his  co-worker  Donau  continued  to  improve  methods  for 
the  quantitative  collection  of  precipitates  (9),  Emich  started 
a  comprehensive  study  of  balances  suitable  for  microchemical 
work  (21). 

The  original  balance  of  Nernst  had  been  already  modified;  now 
Emich  designed  two  balances  of  the  Nernst  type  with  sensitivities 
of  0.3  and  0. 1  microgram.  A  quartz  balance  with  electromagnetic 
compensation  with  a  sensitivity  of  0.015  microgram  was  con¬ 
structed.  Since  the  magnet  and  the  dish  with  the  substance  were 
placed  on  the  same  side  of  the  beam,  the  mass  determined  was 
actually  carried  by  the  electromagnetic  force  only  and,  no  matter 
whether  the  weighing  dish  was  empty  or  full,  the  light  quartz 
beam  always  carried  the  same  load  at  the  time  of  the  reading. 
Residue  determinations  were  carried  out  with  samples  weighing 
12  to  92  micrograms.  The  spring  balance  of  Salvioni  was  simpli¬ 
fied  for  the  rapid  estimation  of  masses  of  a  few  milligrams  on  the 
workbench.  Another  spring  balance,  using  the  principle  of  Jolly, 
was  designed  for  lecture  demonstrations  of  the  laws  of  constant 
and  multiple  proportions,  the  determination  of  gas  density,  the 
determination  of  the  molecular  weight  of  organic  compounds, 
and  the  demonstration  of  the  volatility  of  platinum  and  quartz 
at  higher  temperatures.  Suitable  steel  springs  permitted  the 
attainment  of  a  sensitivity  of  30  micrograms.  The  outlines  of  a 
platinum  foil  triangle  attached  to  the  end  of  the  spring  were  pro¬ 
jected  on  a  millimeter  scale  approximately  2  meters  long,  so  that 
the  audience  was  enabled  to  check  on  the  readings.  Fifteen  years 
later,  the  work  with  the  electromagnetic  balance  was  resumed, 
and  residue  determinations  as  well  as  electrolytic  determinations 
were  carried,  out  on  samples  of  2  to  6  micrograms  ( 52 ). 

The  investigation  of  paint  films  on  an  object  of  art  led 
Emich  to  the  development  of  a  technique  for  the  performance 
of  chemical  work  in  capillaries.  The  first  publication  dealt 
with  the  transfer  of  solutions,  separation  of  solution  and 
precipitate,  precipitation,  and  observation  of  precipitates  (31). 

A  test  for  the  presence  of  nitrogen  in  organic  compounds  was 
described  in  the  same  paper;  the  substance  was  heated  with 
slaked  lime  in  a  capillary  which  contained  a  small  triangular 
piece  of  red  litmus  paper.  Thus,  0. 1  microgram  of  nitrogen  could 
be  detected.  An  adaptation  of  the  Carius  procedure  to  the 
capillary  technique  permitted  the  detection  of  0.05  microgram 
of  sulfur  or  phosphorus  in  organic  substances  (32),  and  ignition 
in  an  oxygen-filled  tube  followed  by  precipitation  of  the  carbon 
dioxide  as  calcium  carbonate  gave  0.001  microgram  of  carbon  as 
the  limit  of  identification.  The  determination  of  the  boiling 
point  was  made  possible  with  the  use  of  only  0.5  cu.  mm.  of  liquid 
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(22),  and  the  possibility  of  simple  organic  syntheses  in  capillaries 
with  a  few  milligrams  of  substance  was  thoroughly  investigated 
(35).  The  performance  of  reactions  in  either  closed  or  open 
capillaries  presented  no  difficulties. 

For  the  isolation  and  purification  of  the  products,  pro¬ 
cedures  for  the  recrystallization  from  hot  solutions,  the  blood- 
charcoal  treatment,  the  filtration  of  hot  solutions,  the  evapora¬ 
tion  of  solvent,  distillation,  sublimation,  washing,  and  drying 
had  to  be  worked  out. 

As  a  principle,  transfer  of  material  from  one  capillary  to  another 
was  avoided  to  reduce  the  loss  to  a  minimum.  Thus,  it  became 
possible  to  perform  simple  syntheses.  The  products  were  isolated 
and  purified  in  the  same  tube  in  which  the  reaction  had  been  car¬ 
ried  out,  and  the  melting  point  was  determined  between  the 
operations  of  purification  until  its  constancy  indicated  a  satis¬ 
factory  degree  of  purity.  A  small  Carius  oven,  permitting  violent 
agitation  of  the  contents  of  capillaries  with  bulb-shaped  ends,  had 
been  designed  by  Emich  for  his  lecture  demonstrations  in  organic 
chemistry  (2),  and  a  centrifuge  head  for  the  shaking  of  capillaries 
was  described  later  (51).  Zinc  dust  distillations  were  carried  out, 
including  isolation  of  the  products.  For  the  fractional  distilla¬ 
tion  of  0.05  to  0.1  ml.  of  liquid  (42),  a  centrifuge  cone  with  a 
layer  of  asbestos  at  the  point  was  employed.  Ten  or  more  frac¬ 
tions  were  collected  in  capillaries  and  the  boiling  points  deter¬ 
mined. 

The  principle  of  this  fractionation  method,  which  lately  has 
been  much  used  in  the  United  States  in  connection  with  toxico¬ 
logical  problems,  is  living  testimony  to  Emich’s  ingenuity.  No 
special  apparatus  is  used;  the  fractionation  takes  place  while 
the  ring  of  condensate,  forming  on  the  walls  of  the  tube,  moves 
upward.  The  efficiency  is  so  high  that  approximately  50  per 
cent  alcohol  can  be  obtained  in  one  operation,  starting  with 
0.01  per  cent  alcohol. 

The  year  1920  marks  the  return  to  gravimetric  micro¬ 
determinations  with  milligram  samples.  Pregl’s  work  had 
practically  come  to  a  conclusion  at  this  time,  and  Emich  no 
longer  hesitated  to  make  use  of  Kuhlmann’s  microchemical 
balance,  which  had  become  the  supporting  pillar  of  Pregl’s 
procedures.  Three  methods  of  -working  were  tested. 

In  the  first,  the  precipitate  was  collected,  washed,  and  dried 
in  the  point  of  a  tared  centrifuge  tube  (36).  The  second  used 
a  filter  beaker,  a  spherical  or  cylindrical  micro  “tea  pot”  with 
a  small  opening  on  top,  and  an  asbestos  or  glass  filter  in  the 
spout  (36,  49)-  The  dried  beaker  was  weighed  empty,  the 
substance  was  introduced,  and  another  weighing  was  made. 
The  sample  was  dissolved  in  the  beaker  and  the  precipitation  car¬ 
ried  out,  and  finally  the  spout  was  connected  to  a  suction  flask 
and  the  precipitate  collected  and  washed  on  the  filter  mat  of  the 
outlet.  After  drying,  the  third  weighing  was  made. 

The  last  and  most  practical  procedure  was  based  on  the  use  of 
an  immersion  filter  and  a  microbeaker  (49).  The  two  were  always 
weighed  together,  so  that  a  complete  transference  of  the  pre¬ 
cipitate  into  the  filter,  the  “filter  stick”,  became  unnecessary. 
Beaker  and  stick  could  be  made  of  glass,  porcelain,  quartz,  or 
platinum  and  thus  the  ignition  of  precipitates  became  possible. 

All  three  methods  avoid  a  quantitative  transfer  of  the 
precipitate;  the  constituent  determined  remains  essentially 
in  the  same  container  from  the  start  to  finish,  and  three 
weighings  suffice  for  any  determination.  The  use  of  the 
centrifuge  tube  proved  somewhat  clumsy  and  is  practically 
forgotten.  Filter  stick  and  filter  beaker,  however,  have  stood 
the  test  of  time,  and  have  been  used  in  involved  analyses 
of  minerals.  The  filter  stick  has  today  practically  displaced 
the  use  of  other  techniques  in  the  determination  of  sulfur  in 
organic  substances. 

The  final  years  of  Emich’s  career  are  marked  by  studies  of 
the  application  of  physical  phenomena  to  the  solution  of 
microchemical  problems.  A  series  of  papers  deals  with  the 
observation  of  Schlieren  (3,  4,  34,  35,  47). 

One  solution  was  taken  up  in  a  capillary  pipet,  the  tip  of  which 
was  inserted  into  the  other  solution  contained  in  a  small  glass  cell 
with  plane-parallel  walls.  The  long  fine  tip  of  the  capillary  pipet 


reduced  to  a  minimum  the  rate  of  outflow  and  the  kinetic  energy 
of  the  liquid  leaving  the  tip  of  the  pipet.  Thus,  the  liquid 
of  the  pipet  would  start  to  fall  or  rise  in  the  cell  liquid,  depending 
upon  their  relative  densities.  The  sign  of  the  deviation  of  their 
refractive  indices  was  simultaneously  recognized  by  the  kind  and 
distribution  of  striations  marking  the  boundary  of  the  stream  of 
pipet  liquid  in  the  cell  liquid.  The  phenomena  were  studied  with 
optical  setups  of  different  sensitivity.  Besides  an  impressive 
bench  arrangement  8  yards  long,  specially  constructed  Schlieren- 
microscopes,  simple  setups  according  to  Dvorak,  and  extremely 
primitive  arrangements  using  nothing  but  a  black  and  white 
background  were  employed.  A  method  for  the  determination 
of  the  concentration  of  solutions  was  developed. 

The  purity  of  substances  was  tested  by  comparing  the  frac¬ 
tions  of  distillations  and  fractional  crystallizations,  c.  p.  benzene 
required  three  fractional  distillations  with  eight  fractional  in¬ 
termediate  crystallizations  before  appearing  pure  when  tested 
with  the  methods  evolved.  Theoretically  curious  results  were 
obtained  when  solutions  were  allowed  to  flow  into  other  solutions 
of  the  same  refractive  index  but  different  chemical  composition. 
Finally  the  Schlieren  technique  was  used  in  the  observation  of  the 
changes  at  the  critical  temperature  (39).  A  simple  experimental 
arrangement  was  developed,  and  the  usefulness  of  the  determi¬ 
nation  of  the  critical  temperature  for  the  identification  of  small 
quantities  of  material  was  demonstrated. 

Many  details  have  had  to  be  omitted  in  this  brief  outline 
of  Emich’s  research  work.  Several  microscopic  confirmatory 
tests  were  worked  out  or  suggested  by  him — e.  g.,  sulfur  in 
inorganic  and  organic  compounds  (30),  rubidium,  cesium  (23), 
mercury  (31),  the  morin  test  for  aluminum  (48),  the  Rinman’s 
green  test  for  zinc  (6),  and  the  bead  test  for  cobalt  (43).  In 
many  of  the  large  number  of  lecture  experiments  devised,  he 
utilized  microchemical  methods.  Among  the  most  interesting 
were  the  demonstration  of  the  hydrolysis  of  sodium  chloride 
at  high  temperatures  (13),  the  thermoluminescence  of  iodine 
and  bromine  vapors  (28) ,  the  formation  of  protuberances  and 
the  method  of  making  them  visible  (28),  and  finally  the 
demonstration  of  the  action  of  enzymes  with  the  Schlieren 
method. 

The  second  edition  of  Emich’s  “Lehrbuch  der  Mikrochemie” 
(16)  was  published  in  1926.  His  “Mikrochemisches  Prakti- 
kum”  (18)  was  translated  into  English  and  Russian.  Among 
other  comprehensive  compilations  must  be  mentioned  his 
contributions  to  Abderhalden’s  “Handbuch  der  biologischen 
Arbeitsmethoden”  (1),  and  to  Staehler-Tiede-Richter’s 
“Handbuch  der  Arbeitsmethoden  in  der  anorganischen 
Chemie”  (50).  Emich  also  covered  the  development  of 
microchemistry  from  the  early  beginnings  to  1915  in  reports 
to  various  journals  (14,  15,  17).  A  lengthy  report  on  the  ad¬ 
vances  from  1915  to  1926  (40)  is  based  on  his  literature 
notes. 

The  increasing  attention  attracted  by  microchemical 
methods  combined  with  publication  of  Emich’s  laboratory 
manual  brought  a  steadily  trickling  stream  of  visitors  from 
all  countries  to  Emich’s  laboratory.  Some  of  Pregl’s  visiting 
students  dropped  in,  and  some  of  these  decided  to  come 
back  for  a  longer  stay.  Invariably,  the  visitors  and  guests 
were  impressed  by  Emich’s  scientific  integrity  and  sincere 
kindness.  Friendships  and  attachments  started  which  were 
bound  to  last.  Then,  too,  the  practical  importance  of 
Emich’s  life  work  was  recognized  more  and  more.  Tech¬ 
nical  men,  mineralogists,  archeologists,  curators  of  art  col¬ 
lections,  biologists,  and  medical  men  began  to  recognize  the 
aids  offered  for  the  solution  of  their  problems  which,  in  the 
course  of  general  progress,  had  become  of  a  more  minute 
nature. 

Honors 

Emich  received  medals  for  meritorious  service  from  both 
the  Imperial  Government  and  the  Republic  of  Austria.  He 
was  awarded  the  Lieben  prize  and  the  Liebig  Memorial 
Medal.  In  1918  he  became  a  corresponding  member  of  the 
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Academy  of  Sciences  in  Vienna,  and  in  1928  he  was  elected  a 
ull  member.  Honorary  doctorates  were  given  to  him  by 
he  University  in  Graz  and  the  Technische  Hochschule  in 
lachen  in  1925,  and  by  his  own  Alma  Mater  in  1937. 

A.  A.  Benedetti-Pichler 
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Determination  of  Aluminum  by  Photometric 

Fluorescence  Measurement 

CHARLES  E.  WHITE  AND  C.  S.  LOWE,  University  of  Maryland,  College  Park,  Md. 


Aluminum  may  be  determined  quantita¬ 
tively  by  photometric  measurement  of  the 
intensity  of  fluorescent  solutions  produced 
by  the  aluminum-morin  reaction.  In¬ 
tensity  measurements  may  be  made  with 
the  Pulfrich  or  a  photoelectric  photometer. 
The  amount  of  morin  and  alcohol  as  well 
as  the  temperature  and  pH  must  be  con¬ 
trolled. 

IT  HAS  been  established  by  Feigl  (2)  that  the  intense  green 
fluorescence  produced  in  solutions  containing  aluminum 
by  addition  of  morin,  first  observed  by  Goppelsroeder  (4), 
makes  possible  the  detection  of  as  little  as  0.0005  microgram 
of  aluminum  under  ultraviolet  light.  Schantl  (7)  has  pre¬ 
sented  evidence  that  this  fluorescence  effect  is  due  to  the  for¬ 
mation  of  an  aluminum  salt  of  morin,  A1(Ci5H907)3,  in 
colloidal  suspension.  The  results  of  further  study  of  this  re¬ 
action  indicate  that  it  may  be  employed  with  a  high  degree  of 
accuracy  in  the  quantitative  estimation  of  aluminum  at  con¬ 
centrations  ranging  from  0.1  to  1.2  mg.  of  aluminum  per  liter. 
The  range  of  usefulness  may  be  extended  to  higher  concentra¬ 
tions  by  dilution  to  within  these  limits.  The  method  requires 


the  use  of  a  source  of  ultraviolet  radiation  for  producing  the 
fluorescence,  which  may  then  be  measured  with  either  a  visual 
or  photoelectric  photometer.  Having  determined  a  calibra¬ 
tion  curve,  an  analysis  may  be  accomplished  very  quickly, 
the  whole  procedure  being  admirably  suited  to  routine  control 
of  small  amounts  of  aluminum. 

Experimental  Details 

A  Hanovia  quartz  mercury  vapor  lamp  was  used  as  a  source  of 
ultraviolet  radiation  where  the  fluorescence  was  measured  with 
the  Pulfrich  photometer.  A  purple  filter,  5  mm.  thick,  was  used 
with  this  to  eliminate  most  of  the  visible  radiation.  Observations 
were  made  at  right  angles  to  the  source  of  ultraviolet  light.  Cells 
2.0  X  1.8  cm.  were  used,  arranged  so  that  the  thickness  pene¬ 
trated  was  the  1.8  dimension. 

Photoelectric  measurements  were  made  with  an  apparatus 
essentially  as  described  by  Hand  (5)  and  improved  by  Levin  ( 6 ) . 
A  5-cm.  (2-inch)  cubical  cel)  was  used  to  contain  the  solution  and 
a  Wratten  No.  8  yellow  filter  was  placed  between  this  and  a  Gen¬ 
eral  Electric  photronic  cell.  The  ammeter  employed  had  150 
scale  divisions  in  microamperes  and  the  tenths  listed  in  the  tables 
below  are  estimations.  A  fluorescein  solution  was  used  periodi¬ 
cally  in  checking  the  constancy  of  the  intensity  of  the  light  source. 
It  was  found  that  fluctuations  were  not  of  an  order  to  warrant 
making  corrections. 

Standard  aluminum  solutions  were  prepared  by  dissolving 
potassium  aluminum  sulfate  crystals  in  warm  distilled  water  with 
addition  of  2  ml.  of  6  M  acetic  acid  per  liter  to  prevent  hydrolysis. 
Intermediate  concentrations  for  calibration  curves  were  obtained 
by  dilution.  Morin,  the  dyestuff  principle  of  r'istic  wood,  was 
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Figure  1.  Typical 
Calibration  Curves 


Intensity  values  were  also  found  to  vary 
with  the  temperature,  low  temperatures  tend¬ 
ing  to  produce  higher  readings.  Table  III 
shows  this  effect.  The  preparation  of  the 
calibration  curves  and  the  analysis  should  be 
carried  out  at  the  same  temperature. 

Procedure 


employed  as  a  saturated  solution  of  “fustic  extract”  in  95  per 
cent  ethyl  alcohol.  This  was  made  by  placing  1.5  grams  of  fustic 
extract  in  contact  with  1  liter  of  95  per  cent  alcohol  and  filtering 
after  thorough  agitation. 


Conditions  for  Maximum  Fluorescence  Intensity 

The  intensity  of  fluorescence,  in  addition  to  varying  with 
the  concentration  of  aluminum,  was  found  to  increase  to  a 
maximum  as  the  alcohol  content  was  increased.  Table  I 
shows  this  effect. 


Table  I.  Effect  of  Alcohol  on  Fluorescence  of 

Aluminum  in  Morin 

Ethyl  Alcohol,  95% 

Aluminum 

Morin 

Fluorescence 

Ml.  per  100 

Mg.  per  100 

Ml.  per  100 

ml.  of  solution 

ml.  of  solution 

ml.  of  solution 

Microamperes 

20 

0.1 

10 

39.4 

24 

0.  1 

10 

43.0 

28 

0  1 

10 

43.2 

32 

0.  1 

10 

42.8 

36 

0.  1 

10 

42.2 

40 

0.1 

10 

41.2 

Table  II.  Effect  of  Varying  Quantities  of  Morin  on 

Fluorescence 

Ethyl  Alcohol,  95% 

Aluminum 

Morin 

Fluorescence 

Ml.  per  100 

Mg.  per  100 

Ml.  per  100 

ml.  of  solution 

ml.  of  solution 

ml.  of  solution 

Microamperes 

34 

0.1 

6 

38.8 

32 

0. 1 

8 

41.7 

28 

0.1 

12 

43.5 

26 

0. 1 

14 

42.8 

24 

0.1 

16 

42.8 

On  keeping  the  alcohol  content  constant  and  varying  the 
amount  of  morin,  a  maximum  brightness  was  noted  where  28 
ml.  of  alcohol  and  12  ml.  of  morin  solution  were  used. 

From  the  data  of  Table  II  it  was  concluded  that  maximum 


In  order  to  obtain  reproducible  results  with  the  Pulfrich 
photometer,  it  is  necessary  to  observe  the  following  condi¬ 
tions  : 

The  source  of  the  ultraviolet  radiation  must  be  placed  in  such  a 
position  relative  to  the  photometer  that  equal  intensities  are  ob¬ 
tained  in  the  two  fields  when  the  same  solution  is  placed  in  both 
cells.  This  adjustment  must  always  be  made  before  making 
observations  unless  a  permanent  setup  is  available. 

The  cells  must  be  placed  in  the  same  relative  position  with 
regard  to  the  prisms  and  to  the  source  of  ultraviolet  radiation  for 
each  observation  in  preparing  calibration  curves.  A  satisfactory 
method  of  accomplishing  this  is  to  clamp  to  the  stage  of  the  pho¬ 
tometer  a  piece  of  heavy  cardboard,  in  which  have  been  cut  holes 
into  which  the  cells  fit  tightly.  Having  once  adjusted  the  height 
of  the  cells  from  the  prisms,  no  change  should  be  made  in  the 
setting  during  the  course  of  a  series  of  observations.  The  cells 
may  be  emptied  by  suction  through  a  capillary  glass  tube  and 
filled  by  a  pipet  without  disturbing  their  position.  However,  this 
precaution  is  unnecessary  if  the  cells  are  handled  carefully.  They 
should  be  kept  as  clean  as  possible  and  free  from  fingerprints  at 
all  times. 

Care  must  be  taken  to  use  exactly  the  same  amount  of  solution 
in  both  cells. 

In  preparing  solutions  for  calibration  purposes  by  diluting 
relatively  concentrated  aluminum  solutions,  most  of  the  water 
was  added  before  adding  alcohol  or  alcoholic  morin  solution  to 
avoid  precipitation  of  aluminum  by  alcohol.  After  addition 


Table  III.  Effect  of  Temperature  on  Fluorescence 
of  Aluminum  with  Morin 


>  C. 

Microamperes 

0  C. 

Microamperes 

15 

41.0 

26 

32.8 

17 

40.0 

27 

31.0 

18 

39.0 

28 

29.0 

20 

38.0 

29 

28.0 

22 

35.0 

30 

27.0 

24 

34.0 

Table  IV.  Analysis  of  Aluminum  Solutions  at  27°  C.  for 
Calibration  Data 


intensity  would  be  obtained  with  a  total  alcohol  content  of 
40  ml.  per  100  ml.  of  solution — i.  e.,  30  ml.  of  pure  alcohol  and 
10  ml.  of  saturated  alcoholic  morin  solution — and  that  the 
morin  content  must  be  adjusted  to  the  concentration  of  alu¬ 
minum  present,  10  ml.  of  the  saturated  solution  being  suf¬ 
ficient  for  0.1  mg.  of  aluminum.  In  carrying  out  an  analysis 
it  is  therefore  necessary  to  add  enough  morin  to  produce  maxi¬ 
mum  intensity  and  at  the  same  time  keep  the  alcohol  content 
constant. 


Aluminum 

Mg.  per  100 
ml.  of  solution 

Morin  Alcohol 

Ml.  per  100  ml.  of 
solution 

* - Fluo: 

Pulfrich 

percentages 

rescence - > 

Microamperes 

0.01 

i 

39 

10.0 

5.0 

0.02 

2 

38 

23.5 

10.3 

0.03 

3 

37 

36.5 

17.0 

0.04 

4 

36 

43.9 

19.0 

0.05 

5 

35 

51.0 

23.0 

0.06 

6 

34 

63.5 

25.9 

0.09 

9 

31 

85.0 

32.0 

0. 12 

12 

28 

100.0 

35.1 

0. 15 

15 

25 

100.0 

35.0 
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of  morin,  the  solutions  were  allowed  to  stand  15  to  20  minutes 
before  making  measurements,  in  order  that  equilibrium  condi¬ 
tions  might  be  established.  Table  IV  and  Figure  1  show  typi¬ 
cal  cabbration  data  and  curves  for  both  visual  and  photoelec¬ 
tric  photometers  at  27°  C. 

In  carrying  out  an  analysis  of  a  solution  of  unknown  alumi¬ 
num  content,  morin  is  first  added  to  a  portion  of  the  unknown 
until  maximum  intensity  is  reached.  If  the  concentration  is 
found  to  be  beyond  0.12  mg.  per  100  ml.,  the  solution  must  be 
diluted  to  within  the  range  0.01  to  0.12  mg.  per  100  ml. 
Alcohol  and  morin  are  then  added  in  the  amounts  indicated 
above,  the  intensity  of  fluorescence  is  measured  by  either 
instrument,  and  the  concentration  is  obtained  from  the  cali¬ 
bration  curves,  taking  into  account  the  dilution  factor. 

In  actual  analysis  the  following  procedure  was  followed : 

A  25-ml.  aliquot  of  the  unknown  was  diluted  to  nearly  250  ml. 
and  by  means  of  acetic  acid  the  pH  was  adjusted  to  3.3.  The 
dilution  to  250  ml.  was  then  completed.  This  step  was  followed 
in  order  to  have  the  unknown  at  about  the  same  pH  as  was  used 
in  obtaining  the  cabbration  curve.  Five  milliliters  of  this  solution 
were  placed  in  a  100-ml.  graduated  flask  and  after  adding  20  ml. 
of  water,  2  ml.  of  morin  reagent,  and  35  ml.  of  95  per  cent  ethyl 
alcohol  the  volume  was  made  to  100  ml.  This  was  placed  in  the 
cell  of  the  photoelectric  apparatus  and  morin  reagent  added  in 
1-ml.  portions  until  the  microammeter  reading  reached  a  maxi¬ 
mum  and  decreased.  The  successive  microampere  readings  in 
this  case  were:  2  ml.  of  morin  =  12,  3  ml.  =  15,  4  ml.  =  22, 

5  ml.  =  24,  6  ml.  =  25,  7  ml.  =  24.  It  was  therefore  concluded 
that  6  ml.  was  the  proper  quantity  to  use.  Hence,  5  ml.  of  the 
solution  were  placed  in  a  graduated  flask,  and  20  ml.  of  water, 

6  ml.  of  morin,  34  ml.  of  alcohol,  and  water  to  make  100  ml.  were 
added.  This  was  allowed  to  stand  15  minutes  and  the  tempera¬ 
ture  adjusted  to  that  of  the  calibrated  curve.  The  reading  this 
time  was  35.2,  which  was  above  the  usable  portion  of  the  calibra¬ 
tion  curve;  hence,  another  run  was  made  using  2.5  ml.  of  the 
solution  with  3  ml.  of  morin  and  37  ml.  of  alcohol.  This  gave  a 
reading  of  19.2.  Since  this  was  on  the  proper  portion  of  the  cali¬ 
bration  curve,  the  concentration  was  calculated  from  this  reading. 

The  results  of  typical  unknowns  are  given  in  Table  V. 


Table  V.  Results  of  Unknowns 


No. 

Aluminum 

Present 

Aluminum 

Found 

Error 

Mg. /ml. 

My. /ml. 

% 

1 

0.01 

0.0091 

9,0 

2 

0.019 

0.0185 

2.6 

3 

0.004 

0  0041 

2.5 

4 

0.0048 

0.0048 

0.0 

Discussion 

The  determination  by  means  of  the  Pulfrich  photometer 
is  just  as  accurate  though  not  so  convenient  as  by  the  photo¬ 
electric  apparatus.  If  the  Pulfrich  results  are  substituted  in 
the  modified  Beer’s  law  equation  as  given  by  Danckwortt  ( 1 ) 
a  reasonable  constant  is  obtained.  This  equation  is  an  at¬ 
tempt  to  apply  Beer’s  law  to  the  fluorescent  situation  and  is 
stated  as  follows: 

E  =  log  pj^-p  =  Kcd 

where 

E  =  extinction 

F o  =  Pulfrich  reading  of  standard  =  100% 

F  =  Pulfrich  reading  on  unknown 
K  =  molecular  extinction  coefficient 
c  =  concentration  in  moles  per  liter 
d  =  thickness  of  cell  in  cm. 

Using  the  data  from  Table  IV  the  results  obtained  are  tabu¬ 
lated  in  Table  VI. 

The  intermediate  values  give  a  constancy  that  is  quite  in 
accord  with  ordinary  fluorescing  dye  solutions  and  indicate 
that  the  curve  is  useful  for  quantitative  determinations  within 
this  range. 


The  results  with  typical  unknowns  indicate  that  the  usual 
error  is  around  3  per  cent.  Since  the  quantities  involved  in 
the  determinations  were  from  4  to  10  micrograms  per  ml.,  it 
is  felt  that  these  results  are  satisfactory. 

Interfering  Elements 

Since  the  basis  of  this  determination  is  the  colloid  formed 
when  aluminum  reacts  with  the  dye,  it  is  subject  to  interfer¬ 
ence  by  materials  which  affect  the  colloid  as  well  as  those 
which  combine  with  aluminum  or  the  dye. 

Phosphates,  arsenates,  and  fluorides  decrease  the  fluores¬ 
cence  in  all  concentrations.  Sulfates  interfere  if  present  to  a 
greater  extent  than  9  mg.  of  sulfate  ion  in  the  final  100  ml. 
of  solution.  Chlorides  and  nitrates  cause  no  difficulty.  Of 
the  metallic  ions,  beryllium,  gallium,  indium,  and  the  rare 
earths  give  a  fluorescence  similar  to  that  of  aluminum.  Lead, 
zinc,  and  molybdenum  will  also  fluoresce  if  the  solution  is  not 
sufficiently  acid  with  acetic  acid.  Silver  destroys  the  fluores¬ 
cence.  Iron  and  chromium  form  black  precipitates  with 
morin  and  must  be  removed.  Highly  colored  ions  such  as 
nickel,  copper,  and  cobalt  produce  variations  in  the  color 
shade. 

In  actual  analysis  these  interfering  agents  are  easily  re¬ 
moved  by  the  usual  successive  treatments  with  hydrogen 
sulfide,  sodium  peroxide,  and  ammonium  hydroxide.  A 
proper  acidity  is  attained  after  removal  of  the  interfering  ions 
by  neutralizing  the  solution  to  the  phenolphthalein  end  point 
with  0.1  M  sodium  hydroxide  or  acetic  acid  and  then  adding 
10  ml.  of  0.1  M  acetic  acid  in  excess. 


Table  VI.  Molecular  Extinction  Coefficient 


Concn.  of  Aluminum 

Pulfrich  Readings 

K 

Mole/L. 

0.37  X  10-‘ 

10.0 

69  X  10* 

0.74  X  10 

23.5 

87  X  10* 

1.11  X  10 

36.5 

98  X  10* 

1.48  X  10”‘ 

43.9 

95  X  10* 

1.85  X  10  ~* 1 2 3 4 5 6 7 8 9 

51.0 

93  X  10* 

2.22  X  10-s 

63.5 

107  X  10* 

3.33  X  10-5 

85.0 

137  X  10* 

4.44  X  10-5 

100.0 

Comparison  to  Other  Colorimetric  Methods 

It  is  believed  that  the  value  of  this  method  lies  in  the 
ability  to  determine  very  small  concentrations  of  aluminum 
rapidly  and  with  simple  apparatus.  It  is  more  accurate  at 
lower  concentrations  than  the  ammonium  aurintricarboxylate 
method  which  is  reported  to  be  most  successfully  used  with 
amounts  from  0.1  to  0.5  mg.  ( 8 ).  Alizarin  S  (5)  is  more 
sensitive  than  the  morin,  and  hematoxylin  (8)  has  the  advan¬ 
tage  of  not  being  susceptible  to  fluorides.  It  was  hoped  that 
the  Blue  Black  R  reagent  (9)  which  is  specific  for  aluminum 
might  serve  as  a  quantitative  reagent,  but  the  difficulty  of 
measuring  the  variation  of  intensity  with  a  small  change  in 
concentration  has  not  been  surmounted. 
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Colorimetric  Microdetermination  of  Magnesium 

C.  P.  SIDERIS,  Pineapple  Producers  Cooperative  Association,  Ltd.,  University  of  Hawaii,  Honolulu,  T.  H. 


Magnesium  is  precipitated  as  magnesium 
hydroxy quinolinate.  The  precipitate  is  dis¬ 
solved  in  hydrochloric  acid  and  made  to 
volume,  and  an  aliquot  is  buffered  with 
sodium  acetate  and  then  treated  with  fer¬ 
ric  chloride.  The  green-black  pigment, 
formed  by  the  reaction  of  Fe+++  with  hy- 
droxyquinoline,  is  extracted  with  chloro¬ 
form,  made  to  volume  with  butyl  alcohol, 
and  compared  against  a  standard  in  the 
colorimeter. 

THE  gravimetric,  volumetric,  or  colorimetric  deter¬ 
mination  of  magnesium,  as  magnesium  hydroxyquinofin- 
ate  has  found  a  very  extensive  use  in  many  laboratories  on 
account  of  the  ease  of  manipulation  and  reliability  of  the 
method.  The  literature  is  relatively  extensive,  considering 
that  the  hydroxyquinoline  method  was  introduced  only  ap¬ 
proximately  a  decade  ago.  In  1934  Javillier  and  Lavollay  (S) 
presented  an  extensive  summary  of  the  information  on  its  use 
for  the  determination  of  magnesium.  Lavollay  (4)  also  em¬ 
ployed  hydroxyquinoline  for  the  determination  of  ferric 
iron,  taking  advantage  of  the  green-black  color  formed  by 
the  reaction  of  Fe+++  with  this  reagent  in  slightly  acidified 
aqueous  solutions.  Hoffman  (2)  introduced  an  indirect 
colorimetric  micromethod  for  the  determination  of  magne¬ 
sium,  based  on  the  green-black  color  of  ferric  hydroxyquinolin- 
ate  mentioned  by  Lavollay  (4)  and  Arnoux  ( 1 ). 

The  author  found  the  method  of  Hoffman  (2)  unsuitable 
for  samples  with  higher  concentrations  than  10  micrograms  of 
magnesium,  owing  to  the  tendency  of  the  green-black  pigment 
to  precipitate  after  standing.  The  method  was  improved  by 
extracting  the  pigment  with  chloroform  in  a  separatory  funnel 
and  then  making  it  to  final  volume  with  butyl  alcohol.  Butyl 
alcohol  was  used  to  minimize  volume  losses  resulting  through 
the  rapid  volatilization  of  chloroform. 

Method  of  Procedure 

Ash  2  grams  of  dry  plant  tissues  in  either  a  platinum  or  por¬ 
celain  crucible  and  dissolve  the  ash  with  5  mb  of  an  aqueous 
solution  of  18.5  per  cent  hydrochloric  acid.  WSrm  the  mixture 
over  a  hot  plate  to  speed  the  dissolution  of  the  ash  materials  and, 
if  necessary,  add  more  hydrochloric  acid.  Make  the  solution  to 
100  ml.  or  any  other  convenient  volume.  Remove  by  either 
centrifugation  or  filtration  any  particles  of  insoluble  silicates  that 
might  cause  turbidity. 

Take  an  aliquot  (10  ml.  or  any  other  volume,  depending  on  the 
magnesium  content  of  the  sample),  place  in  a  50-ml.  centrifuge 
tube  or  flask,  add  1  ml.  of  1.0  per  cent  lead  acetate  to  precipitate 
phosphate,  and  then  either  centrifuge  or  filter.  Precipitate  ex¬ 
cess  lead  with  1  ml.  of  1  per  cent  sulfuric  acid  and  either  centri¬ 
fuge  or  filter.  Transfer  the  filtrate  or  centrifugate  to  a  125-ml. 
Erlenmeyer  flask  and  neutralize  with  N  sodium  hydroxide  using 
methyl  red  as  indicator.  Then  add  2  ml.  of  a  20  per  cent  aqueous 
solution  of  acetic  acid  and  5  ml.  of  a  4  per  cent  aqueous  solution  of 
ammonium  oxalate,  to  precipitate  calcium.  Allow  the  mixture 
to  stand  4  to  6  hours,  or  overnight.  Filter  through  asbestos  and 
wash  the  precipitate  with  water.  If  determination  of  calcium  is 
desirable,  transfer  the  asbestos  filter  containing  the  calcium 
oxalate  precipitate  to  a  flask  and  titrate  with  potassium  per¬ 
manganate  as  usual.  Add  to  the  filtrate  2  ml.  of  20  per  cent 
acetic  acid  and  3  ml.  of  a  5  per  cent  alcoholic  solution  of  8-hy- 
droxyquinoline.  If  a  precipitate  forms,  either  centrifuge  or 
filter  and  discard  the  precipitate.  Copper  and  nickel  are  known 
to  form  insoluble  hydroxyquinolinates  in  solutions  acidified  with 
acetic  acid. 


Add  to  the  filtrate  or  supernatant  liquid  of  the  centrifuged 
solution  5  ml.  of  concentrated  ammonium  hydroxide  (28  to  29  per 
cent).  Place  a  cork  loosely  over  the  mouth  of  the  flask  and  heat 
the  mixture  for  30  minutes  over  a  water  bath  at  the  boiling  point. 
Cool  and  add  5  ml.  or  more  of  chloroform,  sufficient  to  dissolve 
the  precipitated  hydroxyquinolinates  of  iron,  manganese,  alumi¬ 
num,  etc.  Shake  well  at  intervals  and  allow  the  mixture  to 
stand  for  about  1  hour.  Filter  through  a  No.  G-4  Jena  sintered- 
glass  filter,  and  rinse  precipitate  with  at  least  5  ml.  of  a  10  per 
cent  aqueous  solution  of  ammonium  hydroxide  and  with  at  least 
2  ml.  of  chloroform  or  until  the  precipitate  releases  no  more  green- 
black  color.  If  desirable,  iron  may  also  be  determined  in  the 
chloroform  extract  after  dilution  with  butyl  alcohol  to  a  con¬ 
venient  volume  and  comparison  of  the  pigment  in  a  colorimeter 
against  a  standard  solution  of  ferric  hydroxyquinolinate. 

Transfer  the  glass  filter  with  the  magnesium  hydroxyquinolin¬ 
ate  to  a  100-ml.  beaker.  To  dissolve  the  magnesium  hydroxy¬ 
quinolinate  precipitate  in  the  glass  filter,  add  5  ml.  of  an  aqueous 
solution  of  18  per  cent  hydrochloric  acid,  and  allow  the  mixture 
to  stand  until  the  precipitate  is  completely  dissolved.  Transfer 
the  dissolved  magnesium  hydroxyquinolinate  to  a  50-ml.  volu¬ 
metric  flask.  To  remove  the  magnesium  hydroxyquinolinate 
held  in  the  pores  of  the  filter,  connect  the  glass  filter  to  a  suction 
pump.  Rinse  with  water  and  add  the  washings  to  the  volu¬ 
metric  flask.  Make  to  volume  with  water.  Transfer  an  aliquot, 
about  10  ml.  or  more,  of  the  magnesium  hydroxyquinolinate 
solution  to  a  separatory  funnel  and  add  3  ml.  of  1.0  per  cent 
aqueous  solution  of  ferric  chloride  hexahydrate  and  3  ml.  of  a  50 
per  cent  solution  of  sodium  acetate.  Agitate  the  contents  for  a 
minute,  then  add  5  ml.  or  more  of  chloroform,  shake  well,  and 
transfer  the  chloroform  layer  either  to  a  graduated  test  tube  or  to 
a  small  volumetric  flask  of  10-  to  25-ml.  capacity.  Re-extract 
the  aqueous  layer  writh  chloroform  2  to  3  times  until  all  the  green- 
black  pigment  is  removed.  Make  up  the  rest  of  the  volume  of 
the  flask  with  butyl  alcohol.  The  addition  of  butyl  alcohol  to 
chloroform  retards  the  rapid  volatilization  of  the  latter  and  mini¬ 
mizes  any  rapid  changes  in  the  volume  of  the  sample.  Pour  a 
portion  of  the  extract  into  a  colorimeter  cup  and  read  its  intensity 
against  a  standard  prepared  exactly  in  the  same  manner  and  con¬ 
taining  10  to  20  micrograms  of  magnesium  per  ml. 

Analytical  Data 

The  results  obtained  on  known  concentrations  of  mag¬ 
nesium,  ranging  between  1.0  and  0.050  mg.,  using  the  above- 
mentioned  method,  are  reported  in  Table  I. 

Table  I.  Magnesium  Recovered  from  Known  Concentra¬ 
tions  of  Magnesium 


Mg  +  +  in 
Solution 

Magnesium 

Found 

Recovery 

Difference 

Mg. 

Mg. 

% 

% 

1.000 

1.000 

100.0 

0 

1.000 

0.975 

97.5 

-2.5 

0.500 

0.500 

100.0 

0 

0.500 

0.475 

95.0 

-5.0 

0.100 

0.098 

98.0 

-2.0 

0.050 

0.045 

90.0 

-10.0 

They  show  good  recovery  of  amounts  of  magnesium  rang¬ 
ing  between  1.000  and  0.100  mg.  With  smaller  amounts — 
namely,  0.050  mg. — the  recovery  wras  about  10  per  cent 
lower  than  the  theoretical  yield.  These  findings  indicate 
that  the  method  can  be  used  safely  to  determine  amounts  of 
magnesium  ranging  between  1.000  and  0.050  mg.  or  somewhat 
higher  amounts. 

Aluminum,  lead,  zinc,  and  manganese  do  not  interfere  with 
the  determination  of  magnesium,  as  the  ions  of  all  these 
elements  are  extractable  by  chloroform  and  are  removed 
with  ferric  hydroxyquinolinate.  The  color  of  the  pigments  of 
aluminum,  lead,  and  zinc  hydroxyquinolinates  is  fight  yellow- 
green  and  that  of  manganese  hydroxyquinolinate  fight  cinna¬ 
mon-orange.  Cobalt  forms  no  precipitate  with  hydroxy¬ 
quinoline  and  the  precipitate  of  copper  hydroxyquinolinate 
can  be  eliminated  by  filtration  earlier  in  the  procedure  and 
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before  adding  ammonium  hydroxide  because  it  is  relatively 
insoluble  in  a  1  per  cent  acetic  acid  solution. 

Reagents 

N  Sodium  Hydroxide.  Dissolve  40  grams  of  ammonium 
hydroxide  in  1000  ml.  of  water. 

Acetic  Acid,  20  Per  Cent.  Mix  20  ml.  of  glacial  acetic  acid 
with  80  ml.  of  water. 

Ammonium  Oxalate.  Dissolve  40  grams  of  ammonium  oxa¬ 
late  in  a  1-liter  flask  and  make  to  volume  with  water. 

Alcoholic  8-Hydroxyquinoline.  Dissolve  5  mg.  of  8-hydroxy- 
quinoline  in  100  ml.  of  ethyl  alcohol  and  store  in  a  dark  bottle. 

Ammonium  Hydroxide.  Concentrated  (28  per  cent). 

Ammonium  Hydroxide,  10  Per  Cent.  Take  36  ml.  of  28  per 
cent  ammonium  hydroxide  and  mix  with  64  ml.  of  water. 

Chloroform. 


Hydrochloric  Acid,  18.5  Per  Cent.  Mix  equal  volumes  of 
concentrated  hydrochloric  acid  (37  per  cent)  and  water. 

Sodium  Acetate.  Dissolve  by  heating  500  grams  of  sodium 
acetate  in  1  liter  of  water. 

Ferric  Chloride.  Dissolve  1.0  gram  of  ferric  chloride  hexa- 
hydrate  in  99  ml.  of  water  and  add  1  ml.  of  concentrated  hydro¬ 
chloric  acid. 

Butyl  alcohol. 
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Limits  of  Identification  of  Simple 
Confirmatory  Tests 

A.  A.  BENEDETTI-PICHLER  AND  JULIAN  R.  RACHELE1 
Department  of  Chemistry,  New  York  University,  New  York,  N.  Y. 


An  attempt  was  made  to  determine  the  ultimate 
limits  of  identification  of  two  well-known  con¬ 
firmatory  tests,  one  of  which  (the  test  for  barium 
by  the  addition  of  sulfate  ion)  is  based  on  the 
appearance  of  a  precipitate,  while  the  other  (the 
Prussian  blue  test  for  iron)  produces  a  coloration 
when  the  limiting  concentration  is  reached.  Using 
micromanipulators  and  microinjection  apparatus, 
drops  10“ 9  to  10“ 11  ml.  in  volume  of  the  test  solu¬ 
tions  and  the  reagents  were  deposited  in  a  film  of 
paraffin  oil  and  inspected  with  the  microscope 
before  and  after  merging. 

Employing  a  microscope  magnification  of  X  397 


THIS  report  deals  with  the  application  of  micromanipula- 
tor  and  high-power  microscope  to  a  study  into  the  limits 
of  identification  (3)  of  two  simple  qualitative  tests  of  good  but 
not  unusual  sensitivity.  The  attempt  is,  essentially,  a  con¬ 
tinuation  of  Emich’s  investigation  of  the  confines  of  chemical 
experimentation,  in  the  course  of  which  he  established  the 
present  limits  of  sensitivity  of  most  of  the  standard  procedures 
of  qualitative  (4,  U,  1®,  U,  15,  16,  19,  24)  and  quantitative 
(8,  IS,  25,  26)  chemical  analysis.  Without  the  aid  of  mechani¬ 
cal  manipulators,  Emich  succeeded  in  producing  the  phenom¬ 
ena  of  qualitative  tests  in  extremely  small  areas  (4,  8,  24) 
and  thus  in  attaining  limits  of  identification  of  the  order  of 
10  ~10  gram.  It  is  obvious  that  the  use  of  micromanipulators 
in  conjunction  with  high-power  microscopes  should 'make  it 
possible  to  increase  the  sensitivity  of  most  qualitative  tests 
beyond  this  limit.  The  practicability  of  this  proposition  will 
depend  essentially  upon  the  development  of  a  suitable  tech¬ 
nique,  and  it  appears  feasible  to  employ  variations  of  the  pro¬ 
cedures  of  fiber  tests  and  spot  analysis.  Both  these  possibili¬ 
ties  are  being  investigated  ( 5 ,  20) . 

The  present  study  was  intentionally  limited  to  the  “test- 
tube  procedure”,  the  addition  of  a  reagent  solution  to  a  test 

1  Present  address,  Department  of  Biochemistry,  Cornell  University 
Medical  College,  1300  York  Avenue,  New  York,  N.  Y. 


and  dark-field  illumination  as  furnished  by  a 
Zeiss  Epi-Condenser  W,  10“ 14  gram  of  barium, 
supplied  by  a  drop  of  10" 9  ml.  of  0.001  per  cent 
barium  solution,  always  gave  positive  tests.  The 
outcome  of  experiments  with  smaller  quantities 
of  barium  was  either  doubtful  or  negative.  Using 
the  X  397  magnification  and  transmitted  light, 
the  blue  coloration  of  the  Prussian  blue  test  was 
always  observed  with  4  X  10" 15  gram  of  ferric  ion 
contained  in  4  X  10-11  ml.  of  test  solution. 

These  findings  are  in  satisfactory  agreement 
with  conclusions  drawn  from  theoretical  consid¬ 
erations. 

solution.  Such  experiments  have  been  repeatedly  carried  out 
under  the  microscope  with  the  use  of  micromanipulators; 
Chambers  (23)  suggests  such  exercises  preliminary  to  biologi¬ 
cal  experimentation  with  the  manipulator.  To  the  authors’ 
knowledge,  however,  no  data  on  the  limits  of  the  technique 
have  been  recorded.  Their  accumulation  seemed  worth 
while,  for  they  represent  the  ultimate  efficiencies  of  the  com¬ 
mon  test-tube  reactions. 

Offhand,  chemical  experimentation  appears  possible  on  any 
small  scale  down  to  molecular  dimensions,  for  the  concept  of 
Dalton  assumes  that  chemical  reactions  take  place  between 
the  “atoms”  of  the  substances  concerned.  The  kinetic  con¬ 
ception  of  chemical  equilibrium  and  Maxwell’s  law  of  the  dis¬ 
tribution  of  velocities  indicate  that  the  customarily  observed 
equilibria  require  such  a  number  of  reacting  molecules  as 
statistically  assures  the  establishment  of  average  conditions. 
One  may  assume  that  a  “quantitative”  reproduction  of  the 
usual  macroconditions  of  equilibrium  can  be  expected  with 
one  milhon  reacting  molecules  and  that  a  “qualitative”  du¬ 
plication  may  not  require  more  than  one  hundred  molecules, 
if  the  equilibrium  is  sufficiently  in  favor  of  the  expected  effect. 
With  an  average  molecular  weight  of  100,  the  above  estimates 
correspond  to  10~16  and  10-20  gram  of  reacting  matter  and 
indicate  the  possibility  of  microchemical  work  with  far  smaller 
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Figure  1.  Arrangement  for  Working  in  Moist  Chamber 

Showing  metal  cell,  Epi-Condenser  W,  pipet  holder  in  clamp 
of  micromanipulator,  and  shank  of  micropipet 


quantities  than  micrograms  of  material.  A  more  careful  con¬ 
sideration  of  the  problem  will  show,  however,  that  the  limit 
of  identification  of  10 _2°  gram  can  be  attained  with  the  custo¬ 
mary  chemical  tests  and  the  proposed  optical  and  mechanical 
means  only  under  especially  favorable  conditions. 

Tests  Based  on  Precipitate 

With  tests  based  on  the  formation  of  precipitates  it  is  best 
to  consider  separately  the  probability  of  the  formation  of  the 
expected  solid  phases  and  the  possibility  of  their  observation. 
The  first  is  discussed  in  connection  with  the  precipitation  of 
barium  sulfate.  Using  10  ml.  of  test  solution,  this  precipitate 
is  obtained  with  2  mg.  of  barium  ion  per  liter  of  test  solution 
{22) ;  this  limiting  concentration  has  been  determined  under 
conditions  comparable  to  those  existing  in  the  microchemical 
experiments  described  below.  Recalling  that  chemical  equi¬ 
libria  are  not  determined  by  the  absolute  masses  but  by  the 
active  concentrations  of  the  reacting  substances,  it  is  obvious 
that  the  scale  of  experimentation  should  be  without  influence 
as  long  as  the  concentrations  of  the  reactants  remain  un¬ 
changed.  Likewise,  the  limiting  concentration  of  the  barium 
test  should  not  be  influenced  by  the  volume  of  test  solution 
taken,  so  long  as  the  reagent  is  added  to  the  same  final  con¬ 
centration  and  the  efficiency  of  observation  is  not  impaired. 

Adhering  to  this  assumption  of  a  constant  limiting  concen¬ 
tration,  the  limit  of  identification  of  the  barium  test  appears 
to  be  determined  by  the  size  of  the  smallest  drops  of  liquid 
which  can  be  operated  with  the  aid  of  micromanipulators. 
These  smallest  volumes  could  be  estimated  at  the  outset,  as 
it  had  been  demonstrated  to  the  authors  that  it  is  possible  to 
produce  and  to  transfer  drops  2  microns  in  diameter  with  the 
use  of  micropipets  operated  by  micromanipulators.  Even  if 
it  were  mechanically  possible,  the  use  of  much  smaller  drops 
would  be  ineffectual  because  of  the  impossibility  of  properly 
inspecting  the  interior  of  the  drops.  The  drops  are  suspended 
from  a  cover  glass  and,  assuming  hemispherical  shape,  a  di¬ 
ameter  of  2  microns  at  the  base  would  correspond  to  a  volume 
of  2  X  10  _12  ml.  Using  test  drops  and  reagent  drops  of  this 
size,  a  limit  of  identification  of  8  X  10 _18  gram  of  barium  could 
be  predicted. 

As  sources  of  interferences,  the  increase  of  the  relative  sur¬ 
face  of  the  solution  and  the  possibility  of  delayed  precipita¬ 
tion  have  been  mentioned  ( 1 ).  In  addition,  the  lack  of  ma¬ 
terial  for  the  growth  of  large  crystals  and  its  consequences — 
decrease  of  particle  size  and  increase  of  solubility — must  be 
taken  into  consideration.  Ostwald  has  demonstrated  that  the 
increase  of  solubility  derived  from  the  decrease  of  the  particle 
•size  is  a  function  of  the  radius  of  the  particles  and  of  the  mo¬ 


lecular  weight,  density,  and  surface  energy  of  the  precipitate. 
In  addition,  the  degree  of  ionization  and  the  number  of  ions 
produced  by  one  molecule  of  the  precipitate  are  taken  into 
account  by  Dundon  (.9,  10,  18).  The  calculated  increase  of 
solubility,  however,  lacks  precision,  for  the  values  given  for 
the  surface  energy  vary  by  more  than  100  per  cent  and  dou¬ 
bling  the  surface  energy  results  in  squaring  the  increase  of 
solubility.  Nevertheless,  approximate  values  can  be  obtained 
which  permit  estimation  of  the  probable  limit  of  identifica¬ 
tion. 

The  figures  of  the  second  column  of  Table  I  have  been  cal¬ 
culated  with  the  use  of  Dundon’s  data  {9).  The  theoretical 
limit  of  identification  of  the  third  column  has  been  calculated 
on  the  basis  of  a  test  drop  of  4  X  10 _15  liter  volume  obtained 
by  combination  of  two  hemispherical  drops,  2  microns  in  di¬ 
ameter,  of  test  solution  and  reagent: 

L/  =  4  X  lO-is  x  Lc 

The  limiting  concentration,  Lc,  has  been  estimated  as  the 
product  of  the  limiting  concentration  found  in  test-tube 
experiments  and  the  calculated  increase  of  solubility.  The 
limit  of  identification,  L,,  of  the  third  column  is  therefore 

Li  =  4  X  10-15  X  2  X  10-3  X  increase  of  solubility 

As  to  the  fourth  column  of  the  table,  the  weight  of  barium 
required  to  build  one  spherical  particle  of  the  indicated  di¬ 
ameter  has  been  calculated  as  18. 9r3  gram. 


Table  I.  Limit  of  Identification  and  Particle  Size 


Barium 

Number  of 

Increase  of 

Required  to 

Particles 

Diameter  of 

Solubility 

Li 

Build  One 

Corresponding 

Particles 

X 

Calculated 

Particle 

to  Li 

10  -11  gram 

10-17  gram 

0.1 

3.5 

2.8 

236 

None 

0.08 

4.8 

4 

121 

None 

0.06 

8.1 

6.4 

51 

None 

0.04 

23 

20 

15 

1 

0.03 

63 

50 

6.3 

8 

0.02 

513 

410 

1.9 

216 

0.01 

3  X  105 

2.4  X  10* 

0.24 

1,000,000 

Table  I  shows  that  the  best  limit  of  identification  corre¬ 
sponds  to  the  largest  particle  size.  A  particle  diameter  of  0.1 
micron  should  give  a  limit  of  identification  of  2.8  X  10~17 
gram;  the  fourth  column,  however,  shows  that  more  than 
10“16  gram  of  barium  is  required  to  build  one  such  particle. 
Similar  considerations  hold  for  particle  diameters  of  0.08 
and  0.06  micron.  With  particles  0.04  micron  in  diameter  a 
limit  of  identification  of  20  X  10  ~17  gram  may  be  expected 
and  there  is  enough  barium  present  in  the  test  drop  to  build 
1  particle  of  this  size.  With  still  smaller  particles  of  the  pre¬ 
cipitate  the  sensitivity  of  the  test  shows  a  rapid  decrease, 
and  10 _15  gram  of  barium  appears  as  a  fair  estimate  of  the 
limit  of  identification.  This  figure  is  decidedly  smaller  than 
that  obtained  without  consideration  of  the  change  of  solu¬ 
bility  and  of  the  lack  of  material  for  the  formation  of  large 
crystals. 

The  solubility  of  barium  sulfate  is  especially  strongly  in¬ 
fluenced  by  the  particle  size.  Ostwald’s  equation  indicates, 
however,  that  the  solubility  of  every  precipitate  will  increase 
rapidly  when  the  diameter  of  the  particles  decreases  below  a 
certain  critical  value.  The  critical  diameter  depends  some¬ 
what  on  the  nature  of  the  precipitate  but,  otherwise,  the 
phenomenon  is  of  a  general  nature  and  has  to  be  considered 
with  every  test  based  on  the  formation  of  a  precipitate. 

Tests  Based  on  Color 

A  different  fine  of  reasoning  is  followed  in  the  estimation 
of  the  limit  of  identification  of  tests  based  on  the  appearance 
of  a  coloration.  The  limitations  connected  with  the  forma- 


APRIL  15,  1940 


ANALYTICAL  EDITION 


235 


tion  of  a  new  phase  need  not  be  considered,  since  the  estab¬ 
lished  equilibria  are  essentially  homogeneous.  The  recogni¬ 
tion  of  a  positive  test  depends  upon  the  presence  of  a  suf¬ 
ficient  quantity  of  colored  matter  in  the  drop,  and  Beer’s 
law  may  be  applied  in  the  form  {2) 


in  which  I  stands  for  the  intensity  of  the  coloration,  m  for 
the  absolute  mass  of  colored  substance,  and  A  for  the  cross- 
section  area  exhibiting  the  coloration.  When  a  test  is  carried 
out  once  on  a  large  scale  and  once  on  a  small  scale,  the  same 
coloration  will  be  obtained,  if  the  ratio  m/ A  is  kept  constant. 

The  Prussian  blue  test  selected  for  the  experimental  in¬ 
vestigation  is  a  suitable  example,  since  not  a  precipitate  but  a 
coloration  is  obtained  when  the  limiting  concentration  is  ap¬ 
proached.  McAlpine  and  Soule  {22)  report  in  test-tube  tests 
a  deep  blue  coloration  with  0.16  mg.  of  iron  and  a  light  bluish- 
green  coloration  with  0.01  mg.  of  metal.  Repetition  of  their 
experiments  showed  that  these  figures  hold  true  when  test 
tubes  16  mm.  in  inside  diameter  are  used  and  the  colorations 
are  observed  by  looking  down  along  the  axis  of  the  tube. 
Thus,  at  the  limiting  concentration  0.01  mg.  of  ferric  ion  is 
contained  in  an  area  of  200  sq.  mm.,  and  the  ratio  of  mass  over 
area  becomes  5  X  10-8  gram  per  sq.  mm.  The  area  of  a  drop 
2  microns  in  diameter  is  equal  to  3  X  10~6  sq.  mm.;  thus, 
1.5  X  10~13  gram  of  ferric  ion  should  produce  in  such  a  drop 
the  light  blue  coloration  observed  with  0.01  mg.  of  iron  in  the 
test  tube. 

This  limit  is  the  result  of  a  crude  estimation.  Aside  from 
assuming  the  applicability  of  Beer’s  law,  the  limiting  concen¬ 
tration  obtained  in  the  test  tube  was  fixed  in  a  somewhat 
arbitrary  way  and  the  varying  thickness  of  the  hemispherical 
drop  was  not  taken  into  account.  The  estimate  shows,  never¬ 
theless,  that  with  drops  2  microns  in  diameter  the  limit  of 
identification  must  fall  far  above  the  theoretically  imaginable 
limit,  of  10  ~20  gram  calculated  at  the  outset.  o  It  would  be 
necessary  to  work  with  drops  approximately  5  A.  in  diameter 
in  order  to  attain  this  latter,  theoretical  limit.  Drops  of  such 
dimensions  cannot  be  seen,  even  with  the  use  of  an  ultra¬ 
microscope. 

Observation  of  Tests 

As  to  the  observation  of  the  tests,  the  limits 
of  resolution  and  visibility  must  be  considered. 

Two  parallel  lines  can  be  made  visible  as  such, 
if  they  are  0.2  micron  apart.  To  attain  this 
resolution  it  is  necessary,  however,  to  use  ob¬ 
lique  illumination  with  light  of  the  wave  length 
400  mj ix  and  to  employ  an  oil-immersion  ob¬ 
jective  possessing  an  angular  aperture  of 
180°  (7).  As  a  rule,  it  would  be  difficult  to 
fulfill  these  conditions  in  microchemical  work 
and,  in  addition,  the  above  limit  of  resolution 
has  been  calculated  for  the  standard  condi¬ 
tions  of  microscopy — specimen  contained  in  a 
thin  plane-parallel  layer  between  slide  and 
cover  glass — which  are  usually  not  compatible 
with  microchemical  work.  If  a  coloration  is 
to  be  observed,  illumination  with  white  light 
becomes  necessary,  and  the  limit  of  resolution 
increases  accordingly  to  approximately  0.4 
micron.  For  the  detection  of  a  precipitate  in¬ 
spection  of  the  interior  of  the  drop  is  required, 
and  the  size  of  the  drop  must  be  kept  well 
above  the  limit  of  resolution. 

The  limit  of  visibility  determines  the  possi¬ 
bility  of  detecting  the  formation  of  precipi¬ 
tates.  It  varies  greatly,  depending  upon 


the  method  of  illumination,  the  proximity  of  the  particles, 
and  the  extent  to  which  their  color  and  refractive  index 
deviate  from  these  properties  of  the  surrounding  medium. 
Particles  approximately  0.01  micron  in  diameter  can  be 
made  visible  with  dark-field  illumination,  but  no  definite 
limits  can  be  given,  since  the  nature  of  the  particles  is  the 
chief  factor  in  determining  ultramicroscopic  visibility  (7). 
Inspection  of  Table  I  shows  that  the  limitations  of  dark- 
field  microscopy  will  probably  not  reduce  the  sensitivity  of 
the  barium  test. 

Considering  the  limitations  of  the  microscope  and  the  re¬ 
strictions  determined  by  the  relation  between  particle  size 
and  solubility,  it  seems  impossible  with  the  present  means  to 
improve  the  limit  of  identification  of  chemical  tests  of  average 
or  good  concentration  sensitivity  beyond  10 -l1  gram.  This 
statement  should  by  no  means  convey  a  pessimistic  impres¬ 
sion,  since  10-15  and  unity  are  in  the  same  relation  as  the 
wave  length  of  violet  light  (0.4  /i  =  limit  of  resolution  in 
white  light)  and  the  distance  between  the  earth  and  the  moon. 

Apparatus 

Microscope.  A  Leitz  stand,  model  IAABM,  meets  the  re¬ 
quirements  of  micromanipulatory  work  and  is  equipped  with  a 
built-in  revolving  and  centerable  mechanical  stage  without  ex¬ 
cessive  superstructure  and  with  especially  long  backward  and 
forward  mechanical  motion.  The  revolving  quadruple  nosepiece 
has  separate  centration  for  each  objective,  which  is  important, 
since  a  frequent  and  rapid  interchange  of  low-power  and  high- 
power  objectives  is  required.  Two  bright-field  condensers,  one 
of  standard  focal  length  and  centerable,  the  other  with  a  long 
focal  length  for  work  on  the  cover  slip  of  the  moist  chamber, 
serve  for  illumination  with  transmitted  light  supplied  by  a  small 
6- volt  Reichert  microscope  lamp  equipped  with  a  Wratten  X-l 
green  filter. 

For  the  performance  of  the  final  experiments  the  quadruple 
nosepiece  was  replaced  by  a  Zeiss  Epi-Condenser  W  (Figure  1), 
equipped  with  special  objectives  in  a  triple  revolving  nosepiece. 
These  objectives  were  used  for  observation  with  transmitted  as 
well  as  reflected  light,  and  instantaneous  transition  from  bright 
field  to  dark  field  was  obtained  by  the  throw  of  a  light  switch. 
Colloidal  particles  are  visible  in  the  dark  field  furnished  by  the 
Epi-Condenser,  and  at  the  same  time  the  preparation  is  protected 
by  a  heat-absorbing  glass  filter  which  is  a  part  of  this  illuminating 
device. 

In  place  of  the  ordinary  eyepiece,  a  Zeiss  “Phoku”  photographic 
eyepiece  was  used,  which  allows  photographic  recording  simul¬ 
taneous  with  observation  through  the  side  tube.  The  eyepiece 
of  the  side  tube  is  equipped  with  a  ruled  scale  which  serves  for 
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Figure  2.  Pipets,  Approximately  Twenty  Times  Natural  Size 


A.  Micropipet 

B.  Calibrated  micropipet 
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focusing  the  images  on  the  photographic  film  and  may  be  used  as 
eyepiece  micrometer.  Photomicrographs  of  a  stage  micrometer 
were  taken,  using  the  available  objectives;  they  served  for  the 
performance  of  direct  measurements  on  the  photographic  records. 

Micromanipulator.  The  mieromanipulator  of  Chambers 
(i 6 ,  17,  28),  which  is  used  with  success  in  the  micrurgy  of  single 
living  cells,  was  chosen  as  the  most  promising  instrument  for 
the  performance  of  the  contemplated  experiments.  Two  such 
manipulators,  a  right-hand  and  a  left-hand  instrument,  were 
mounted  in  front  of  the  microscope  on  extension  arms  attached 
to  the  base  plate.  The  fine-motion  screws  of  each  manipulator 
were  attached  to  a  set  of  remote-motion  controls,  which  was 
placed  on  the  same  extension  arm  as  the  instrument  it  operates. 
Two  hypodermic  syringes  were  fastened  to  the  base  plate,  one 
on  each  side  of  the  microscope,  and  connected  by  means  of  fine 
copper  tubing  with  the  pipet  holders  in  the  clamps  of  the  micro¬ 
manipulators,  so  that  the  right-hand  syringe  operated  the  left- 
hand  pipet  and  vice  versa.  The  syringes,  copper  tubing,  and  pipet 
holders  were  filled  with  water  as  recommended  by  the  micro¬ 
biologists. 

Moist  Chamber.  All  but  some  preliminary  experiments  were 
performed  inside  a  cell  (Figure  1),  supplied  by  Leitz,  the  side 
walls  of  which  are  formed  by  a  metal  ring  10  mm.  high  and  56 
mm.  in  outer  diameter.  The  ring  has  two  sections,  about  2  cm. 
wide,  cut  out  diametrically  opposite  each  other.  These  form  the 
working  apertures  of  the  cell,  the  bottom  of  which  is  formed  by  a 
round  glass  0.044  mm.  thick  and  the  top  of  which  consists  of  a 
cover  glass  55  mm.  in  diameter  and  0.016  mm.  thick.  A  metal 
rim,  60  mm.  in  diameter,  is  placed  over  the  cell;  it  has  two  sec¬ 
tions  cut  out,  one  2  cm.  and  the  other  4  cm.  wide,  which  are 
placed  opposite  each  other  in  such  a  fashion  that  the  working 
apertures  of  the  cell  may  be  opened  independently  or  simul¬ 
taneously.  The  atmosphere  of  the  chamber  was  saturated  with 
water  vapor  by  placing  wet  cotton  in  the  channel  of  the  metal 
ring,  which  faces  the  inside  of  the  cell. 

Micropipets.  The  glass  part  of  the  injection  device, 
Figures  1  and  2,  consists  of  the  shank  and  the  micropipet 
proper.  The  shank  has  a  length  of  10  to  15  cm.  and  an  outer 
diameter  of  0.5  to  1  mm.  which  is  determined  by  the  opening 
of  the  pipet  holder,  into  which  the  free  end  of  the  shank  is 
inserted.  The  shank  contains  the  air  cushion  which  serves  to 
separate  the  solution  in  the  micropipet  from  the  water  used 
to  transfer  the  hydraulic  pressure.  This  water  will  advance 
in  the  shank  when  pressure  is  applied  to  the  piston  of  the 
syringe,  but  it  must  not  enter  the  pipet  proper.  The  micro¬ 
pipet  consists  of  the  shaftlet  and  the  tip,  and  the  small  vol¬ 
umes  of  solutions  employed  will  hardly  ever  fill  more  than  the 
tip  and  part  of  the  shaftlet. 


Figure  3.  Tip  and  Part  of 
Shaftlet  of  Micropipet 
(X  124) 


For  the  proper  manipulation  and  delivery  of  drops  a  few 
microns  in  diameter,  the  opening  of  the  tip  should  be  less  than 
1  micron.  If  the  diameter  is  more  than  1  micron,  control 
over  the  volume  of  the  drops  becomes  poor,  since  the  friction 
produced  in  the  tip,  which  determines  the  velocity  of  flow,  be¬ 
comes  too  small  in  comparison  with  the  pressure  produced  by 
means  of  the  syringe.  An  opening  of  proper  size  prevents  the 


escape  of  air  from  the  tip  when  it  is  immersed  in  a  drop  of 
water  and  full  hand  pressure  is  applied  to  the  piston  of  the 
syringe.  The  air  in  shank  and  pipet  is  compressed,  but  none 
of  it  escapes  and  the  meniscus  of  the  compressing  water  col¬ 
umn  returns  practically  to  its  original  position  in  the  shaft 
when  the  pressure  on  the  piston  of  the  syringe  is  released. 
Just  how  far  the  meniscus  returns  depends  upon  the  amount 
of  air  which  has  dissolved  in  the  water  because  of  the  increase 
in  pressure. 

In  addition  to  the  proper  width  of  the  opening,  attention 
must  be  given  to  the  proper  taper  of  the  pipet.  Experience 
has  shown  that  micropipets  with  a  “fine  quick  taper”  (17) 
between  shank  and  shaftlet,  with  nearly  cylindrical  shaftlet, 
and  a  quick  taper  of  the  tip  are  most  desirable  for  chemical 
work  with  droplets.  In  fact,  two  types  of  such  pipets  were 
used. 


Figure  4.  Calibrated  Micropipet 
Left.  Tip  and  part  of  shaftlet,  X  100 

Right.  Shaftlet  immersed  in  cedarwood  oil.  Only  the  bore,  filled  with 
1  per  cent  glycerol  solution,  is  visible.  X  248 


For  general  work,  micropipets  (Figures  2,  A,  and  3)  with  nearly 
the  same  taper  for  the  bore  and  the  outside  were  employed.  The 
whole  length  of  the  pipet  proper  is  5  to  7  mm.  Over  the  first 
millimeter  of  the  taper  the  outside  diameter  narrows  from  that  of 
the  shank  (0.5  to  1  mm.)  to  the  diameter  of  the  shaftlet  of  ap¬ 
proximately  0.1  mm.  The  shaftlet  itself,  which  has  a  length  of 
5  mm.,  tapers  very  little,  while  the  tip  tapers  rapidly  to  less  than 
1  micron.  Figure  3  shows  part  of  the  shaftlet  magnified  124 
times.  These  pipets  are  made  from  capillaries  0.5  to  1  mm.  in 
outside  diameter  which  are  drawn  from  soft-glass  tubing  of  6- 
mm.  bore  and  8-mm.  outer  diameter  (3). 

Calibrated  micropipets  (Figures  2,  B,  and  4)  were  used  to 
measure  the  delivered  volumes.  They  must  possess  a  fairly  uni¬ 
form  fine  bore  in  the  shaftlet.  The  over-all  outer  taper  is  the  same 
as  for  the  micropipets,  but  the  bore  in  the  shaftlet  remains  uni¬ 
form  for  the  length  of  the  shaftlet  and  is  2  to  4  microns  in  diame¬ 
ter.  These  pipets  are  made  from  capillaries  of  approximately 
0.07-mm.  bore  and  0.7-mm.  outside  diameter  which  are  obtained 
by  drawing  out  soft-glass  thermometer  tubing  of  6-mm.  outer  and 
0.5-mm.  inner  diameters. 

For  the  determination  of  the  diameter  of  the  bore,  the  shaftlet 
of  the  pipet  was  immersed  in  a  hanging  drop  of  cedarwood  oil. 
Since  the  oil  and  the  glass  possess  practically  the  same  refractive 
index,  the  outer  contours  of  the  shaftlet  become  invisible,  while 
the  bore  of  the  shaftlet,  which  may  be  filled  with  air  or  solution, 
stands  out  clearly,  as  may  be  seen  by  comparing  the  two  views 
in  Figure  4.  The  diameter  of  the  bore  can  now  be  measured  on 
the  microscopic  image,  for  its  exaggeration  by  the  lens  action  of 
the  glass  body  of  the  shaftlet  is  eliminated.  The  volume  of  liquid 
delivered  by  the  micropipet  is  derived  from  the  diameter  of  the 
bore  and  the  displacement  of  the  meniscus  in  the  uniform  part  of 
the  shaftlet.  The  positions  of  the  menisci  must  be  read  with  the 
use  of  an  eyepiece  micrometer,  and  it  follows  that  calibrated 
micropipets  can  be  used  only  when  at  least  the  calibrated  part  of 
the  shaftlet,  or  still  better  the  whole  pipet,  is  located  in  a  plane 
perpendicular  to  the  axis  of  the  microscope. 

Rachele’s  Device  for  Automatic  Drawing  of  Micropi¬ 
pets.  At  the  start  of  this  work,  both  types  of  pipets  were  made 
by  hand,  using  the  technique  described  in  detail  by  Chambers  (23) 


Figure  5.  Rachele’s  Device  for  Drawing  Micropipets 
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Determination  of  Volume 
of  Small  Drops 

Finding  means  for  at  least  approxi¬ 
mate  determination  of  the  volume  of 
the  drops  delivered  by  the  micropipets 
constituted  an  essential  part  of  the 
work,  since  knowledge  of  volume  and 
concentration  of  the  test  drops  is  re¬ 
quired  for  determining  the  limits  of 
identification.  Two  techniques  were 
employed  in  the  performance  of  the 
tests,  and  necessarily  the  methods  for 
measuring  volume  had  to  be  chosen 
accordingly. 

Test  Drop  Hanging  on  Under¬ 
surface  of  Cover  Glass  of  Moist 
Chamber.  The  simplest  technique  for 
the  performance  of  tests  under  the  high- 
power  microscope  apparently  consists 
of  depositing  test  drop  and  reagent 
drop  separately  on  the  cover  glass  of 
the  moist  chamber,  measuring  their 
volumes,  and  transferring  the  reagent 
drop  to  the  test  drop. 


and  Howland  and  Belkin  (17).  The  chances  of  getting  a  usable 
pipet  in  this  way  are  rather  slim,  and  two  pipets  are  never  ex¬ 
actly  alike.  In  addition  to  the  tedious  and  time-consuming 
preparation  by  hand,  the  pipets  must  often  be  renewed,  as  they 
clog  and  break  very  easily.  For  this  reason  a  machine  was  de¬ 
vised  for  the  manufacture  of  micropipets. 

The  instrument,  (Figure  5),  which  is  simpler  in  design  and  opera¬ 
tion  than  other  types  already  in  existence,  uses  only  the  force 
of  gravity  for  the  performance  of  the  required  motion.  The  de¬ 
vice  consists  essentially  of  an  electric  heating  unit  and  three 
racks  operating  on  one  pinion.  The  racks,  mounted  on  steel 
bars  12  mm.  square,  pass  through  a  brass  block,  50  mm.  high  by 
50  mm.  deep  by  44  mm.  wide,  which  contains  the  pinion.  One 
rack  serves  as  a  supporting  pillar  and  intersects  the  block  ver¬ 
tically;  the  other  two  racks  are  arranged  horizontally,  one  on 
either  side  of  the  steel  pinion.  Two  clamps,  one  on  each  horizon¬ 
tal  rack,  serve  to  hold  the  glass  capillary. 

In  use,  the  capillary  is  fastened  in  the  V-shaped  groove  of  one 
clamp;  the  block  is  raised  by  hand  as  far  as  it  will  go,  and  then 
the  other  clamp  is  fastened  down  on  the  capillary  with  the  thumb¬ 
screw.  The  heating  element  is  in  a  position  so  that  the  capillary 
is  now  within  the  slot,  surrounded  on  either  side  by  the  heating 
coil,  Figure  5  (left).  The  current  is  turned  on  fully  and,  when  the 
glass  has  softened  sufficiently,  the  brass  block  starts  to  fall. 
Owing  to  the  rack  and  pinion  arrangement,  the  capillary  is 
drawn  out  at  the  same  rate  at  which  it  is  removed  from  the  zone 
of  heating.  A  heavy  coiled  spring  around  the  base  of  the  sup¬ 
porting  pillar  breaks  the  fall  of  the  moving  parts.  The  two 
micropipets  are  removed  by  opening  the  thumbscrews  of  the 
clamps  (Figure  5,  right).  The  shaftlet  is  finally  bent  by  hand  to 
the  desired  angle,  as  described  by  Howland  and  Belkin  (17). 

The  heating  element  consists  of  a  U-shaped  piece  of  Transite 
containing  the  heating  coil.  The  coil  is  made  of  10  to  15  cm.  of 
2-mm.  Nichrome  ribbon,  which  is  bent  in  a  double  U  around  two 
rectangular  pieces  of  mica,  24  X  28  mm.,  and  inserted  into  the 
inverted  U  of  Transite.  Four  strips  of  angle  brass  hold  the  mica 
securely  in  position.  The  ends  of  the  Nichrome  ribbon  pass 
through  the  top  of  the  Transite  piece  and  are  attached  to  two 
binding  posts  which  are  connected  to  a  variable  transformer. 
Approximately  12  volts  are  needed  for  sufficient  heat.  The  whole 
heating  unit  is  attached  to  an  arm  which  slides  over  the  vertical 
supporting  pillar  and  may  be  set  in  any  desired  position  by  a 
thumbscrew. 

The  shape  and  size  of  the  micropipets  are  determined  by  the 
position  of  the  heating  unit,  the  temperature  of  the  coil,  the 
nature  of  the  glass,  and  the  dimensions  of  the  capillary.  For  one 
size  and  quality  of  capillary,  tips  of  diverse  shape  may  be  ob¬ 
tained  by  varying  the  position  of  the  heating  unit.  The  proper 
choice  for  the  setting  of  heating  unit  and  transformer  produces 
pipet  tips  which  are  invariably  open,  although  the  opening  cannot 
be  discerned  under  a  magnification  of  X  300.  This  does  away 
with  the  uncertainty  involved  in  breaking  open  the  tip  under  the 
microscope. 


Figure  6.  Moist  Chamber  Closed 
by  Water  Seals 


The  determination  of  volume  would  be  without  practical 
value,  if  a  sufficient  constancy  of  volume  were  not  assured. 
It  is  well  known  that  small  drops  have  a  higher  vapor  tension 
than  larger  volumes  of  the  same  liquid  and,  at  the  outset  of 
this  investigation,  the  authors  were  confronted  with  the  phe¬ 
nomenon  that  water  drops  a  few  microns  in  diameter  evapo¬ 
rated  within  a  few  seconds  after  delivery  upon  the  cover  glass 
of  the  moist  chamber.  This  evaporation  persisted  even  when 
a  glass  cell  (Figure  6)  was  used  which  was  completely  sealed 
and  contained  air  so  saturated  with  water  vapor  that  the  in¬ 
side  surfaces  of  the  cell  were  covered  with  condensate. 

The  explanation  lies  in  the  fact  that  the  air  of  the  cell  may 
have  been  so  far  saturated  with  water  vapor  as  to  be  in  equi¬ 
librium  with  the  large  drops  of  the  condensate,  while  the 
humidity  was  still  altogether  insufficient  to  prevent  the  rapid 
evaporation  of  the  far  smaller  drops  deposited  by  the  micro¬ 
pipet.  Drops  a  few  microns  in  diameter  are  comparable  in 
size  to  the  red  corpuscles  in  blood  and  cannot  be  seen  with  the 
unaided  eye.  The  difference  in  vapor  tension  between  the 
microdrops  and  the  atmosphere  of  the  moist  chamber  can  be 
compensated,  however,  by  the  presence  of  a  proper  concentra¬ 
tion  of  solutes  in  the  drops.  Microdrops  of  1  per  cent  solu¬ 
tions  of  electrolytes  were  in  satisfactory  equilibrium  with  the 
atmosphere  of  the  completely  sealed  glass  cell  as  well  as  with 
that  of  the  metal  ring  chamber  of  Leitz  having  one  working 
aperture  open.  Difficulties  arising  with  0.01  per  cent  and 
lower  concentrations  of  electrolyte  were  overcome  by  adding 
0.05  to  0.2  ml.  of  glycerol  to  10  ml.  of  these  solutions. 
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The  simplest  procedure  for  estimating  the  volume  seemed 
the  measurement  of  the  diameter  of  the  area  of  contact  of 
the  hanging  drop  with  the  lower  surface  of  the  cover  glass. 
For  such  a  procedure,  knowledge  of  the  relation  between  this 
diameter  and  the  volume  and  assurance  of  the  constancy  of 
this  relation  are  required.  The  relation  between  area  of  con¬ 
tact  and  volume  depends  upon  the  form  of  the  drop  and  both 
are  determined  by  the  surface  forces  in  the  zone  of  contact. 
Adequate  maintenance  of  the  surface  energy  will,  therefore, 
produce  constancy  of  the  form  of  the  drop  and  of  the  relation 
between  volume  and  the  diameter  of  the  area  of  contact. 


Figure  7.  Hemispherical  Drops  ( X  124) 

Left.  Profiles  of  drops.  Smallest  of  four  drops  is  visible  just  to  left 

of  point  of  pipet 

Right.  Top  views  of  same  four  drops 

It  is  obvious  that  a  surface  which  repels  the  aqueous  solu¬ 
tions  to  be  used  in  the  experiments  promises  greatest  con¬ 
sistency  in  the  form  of  the  drops.  On  a  clean  glass  surface 
the  droplets  spread  to  a  thin  layer  which  does  not  permit 
measurement.  On  greasy  glass  surfaces  the  water  drops  re¬ 
tain  some  sort  of  curved  shape.  Merely  rubbing  glass  with 
an  oily  cloth  or  greasing  it  in  any  other  manner  does  not  give 
reproducible  surfaces.  If  glass  is  coated  with  paraffin,  drops 
adhere  as  almost  complete  spheres  and  are  most  difficult  to 
deposit,  since  they  preferentially  adhere  to  the  glass  surface 
of  the  pipet  used  for  delivery. 

A  suitable  surface,  compatible  with  the  requirements  for 
transparency,  reproducibility,  and  ease  of  preparation  and 
manipulation,  is  obtained  by  coating  the  cover  glass  with  a 
thin  film  of  a  cellulose  nitrate  product  of  du  Pont  (Parlodion). 

One  .gram  of  the  material,  which  is  furnished  in  strips,  is  dis¬ 
solved  in  a  mixture  of  30  ml.  of  ethyl  alcohol  and  30  ml.  of  ethyl 
ether.  The  solution  is  poured  on  the  clean  glass  surface,  the  ex¬ 
cess  is  drained  off  by  inclining  the  cover  glass,  and  the  remainder 
i  s  allowed  to  evaporate  on  the 
cover  glass,  placed  on  a  hori¬ 
zontal  surface.  A  barely  dis¬ 
cernible  film  is  obtained  in 
this  manner.  Macrodrops,  de¬ 
posited  on  this  surface,  assume 
an  apparently  hemispherical 
form.  If  microdroplets  retain 
this  shape,  measuring  the 
diameter  of  the  circle  of  contact 
permits  a  simple  calculation  of 
the  volume. 

The  form  of  the  microdrops 
was  first  determined  by  ob¬ 
servation  of  the  profile  of  the 
droplets.  A  narrow  strip,  ap¬ 
proximately  3  mm.  wide  and  15 
mm.  long,  was  cut  from  a  thin 
cover  glass.  By  means  of 
molten  paraffin,  one  end  of 
this  microslide  was  cemented 
to  the  end  of  a  glass  rod  about 
1  mm.  in  diameter,  and  the  free 


end  of  the  microslide  was  coated  with  Parlodion.  The  glass 
rod  was  placed  in  a  needle  holder  attached  to  the  right-hand 
manipulator.  The  clamp  of  the  latter  could  be  loosened  suf¬ 
ficiently  to  allow  rotation  of  the  needle  holder  while  still  enough 
spring  tension  was  exerted  by  the  clamp  to  keep  the  needle  holder 
and  glass  rod  in  place.  In  this  way  the  microslide  could  be 
turned  so  that  its  plane  was  either  parallel  or  vertical  to  the 
axis  of  the  microscope.  A  micropipet  was  inserted  into  the  left- 
hand  manipulator,  and  the  shaftlet  was  bent  in  a  horizontal 
plane,  so  that  the  tip  of  the  pipet  was  perpendicular  to  the  surface 
of  the  microslide  when  the  latter  was  oriented  parallel  to  the  axis 
of  the  microscope.  Both  pipet  and  slide  were  operated  inside  the 
moist  chamber  and  close  to  its  top,  because  of  the  limited  working 
distance  of  the  objectives  used. 

A  large  drop  of  a  1  per  cent  solution  of  phosphoric  acid  was 
deposited  near  the  free  end  of  the  mieroslide  by  means  of  an  or¬ 
dinary  capillary  pipet  (S),  whereupon  the  slide  was  rotated  to 
make  its  surface  parallel  to  the  axis  of  the  microscope.  The  moist 
chamber  was  then  covered,  and  the  drop  and  the  tip  of  the  micro¬ 
pipet  were  brought  to  the  center  of  the  microscopic  field.  The 
pipet  was  immersed  in  the  drop,  and  withdrawn  again  after  tak¬ 
ing  up  some  of  the  phosphoric  acid  solution.  Now  the  microslide 
was  moved  forward  and  down,  so  that  an  empty  zone  close  below 
its  upper  edge  was  brought  into  the  focal  plane  of  the  objective. 
The  tip  of  the  micropipet  was  carefully  touched  to  the  slide  so  as 
to  prevent  scratching  the  Parlodion  film,  and  a  string  of  four  drops 
was  deposited. 

The  photographic  record  is  reproduced  in  Figure  7  (left), 
and  it  may  be  noted  that  the  drops  are  not  quite  hemispheri¬ 
cal.  Figure  7  (right)  shows  the  second  record  which  was 
taken  after  rotating  the  microslide  through  90°;  the  lines  of 
contact  with  the  slide  are  elliptical  instead  of  circular,  owing 
to  failure  to  orient  the  tip  of  the  pipet  perpendicularly  to  the 
surface  of  the  slide.  Figure  7  (left)  shows  the  strongly  in¬ 
clined  position  of  the  pipet.  It  cannot  be  expected  that  all 
profiles  of  elliptical  drops  will  show  hemispherical  outlines, 
and  the  silhouette  shown  in  Figure  7  (left)  corresponds  to  the 
inclination  of  the  pipet  tip  visible  in  the  same  photomicro¬ 
graph. 

Deposition  of  drops  with  the  pipet  tip  perpendicular  to  the 
microslide  gave  drops  of  circular  area  of  contact  (Figure  8). 
Because  of  the  difficulty  of  properly  orienting  the  microslide 
and  the  limitations  of  microscopic  observation,  the  hemi¬ 
spherical  shape  of  the  profile  of  the  drops  could  not  be  estab¬ 
lished  beyond  doubt  in  this  way. 

An  empirical  relation  between  volume  of  drop  and  di¬ 
ameter  of  the  circle  of  contact,  which  seems  to  confirm  the 
assumption  of  a  hemispherical  shape  of  the  drop,  was  then  ob¬ 
tained  by  delivering  known  volumes  of  solution  to  the  micro¬ 
slide,  using  a  calibrated  micropipet.  Since  the  calibrated 
micropipet  can  be  used  only  when  located  in  a  plane  perpen¬ 
dicular  to  the  axis  of  the  microscope,  the  surface  of  the  micro¬ 
slide  had  to  be  in  a  perpendicular  position  during  deposition 
of  the  drops,  and  rotation  of  the  slide  through  90°  about  the 
axis  of  the  holder  had  to  precede  measurement  of  the  circle 


Figure  8.  Hemispherical  Drops  Listed  in  Table  II 

Beginning  with  top,  drops  were  deposited  in  order  in  which  they  appear  in  photomicrographs. 
Left,  X  248.  Center,  X  62.  Right,  X  62. 
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of  contact.  The  displacement  of  the  meniscus  in  the  shaftlet 
of  the  micropipet  was  measured  with  the  ruled  scale  in  the  side 
tube  of  the  “Phoku”  which  had  been  previously  calibrated 
against  a  stage  micrometer  for  the  objectives  used.  The  di- . 
ameters  of  the  circles  of  contact  were  measured  on  photo-’ 
micrographs  of  the  drops.  The  data  are  compiled  in  Table 
II. 

Figure  8  shows  the  drops,  beginning  with  the  top  ones,  in 
the  same  order  in  which  they  are  listed  in  Table  II.  A  cali¬ 
brated  pipet  2.2  microns  in  diameter  and  of  uniform  bore  was 
used  in  all  the  experiments.  In  the  first  series  one  division 
of  the  eyepiece  scale  was  equal  to  5.5  microns  and  in  the  other 
two  series  this  value  was  22  microns.  One  measurement  of 
the  third  series  was  marred  by  excessive  vibration  of  the  cali¬ 
brated  pipet.  The  large  drop  at  the  bottom  of  every  photo¬ 
micrograph  is  the  supply  of  phosphoric  acid  solution. 

Table  II.  Hemispherical  Drops 


Divisions  d,  Diameter  Calculated  Volume  of  Drop , 


Delivered 

of  Circle  of 

10-“ 

Ml. 

Series 

by  Pipet 

Contact,  m 

3.8  X  10-s  i 

0.11  d3 

I 

1 

5.5 

2.1 

1.8 

(Figure  8,  left) 

2 

3 

6.6 

7.7 

4.2 

6.3 

3.2 

5.0 

4 

9.9 

8.4 

11 

5 

11 

11 

15 

II 

1 

8.8 

8.4 

7.5 

(Figure  8,  center) 

3 

5 

13.2 

17.6 

25 

42 

25 

59 

10 

19.8 

84 

84 

in 

5? 

17.6 

Same  as  above 

(Figure  8,  right) 

1 

10 

8.8 

19.8 

5 

17.6 

The  volumes  delivered  by  the  calibrated  pipet  were  calcu¬ 
lated  with  the  use  of  the  equation  V  =  0.25-rrd2l  for  the  calcu¬ 
lation  of  the  volume  of  a  cylinder,  and  the  volumes  of  the 
drops  obtained  were  calculated  from  the  diameter  of  the  circle 
of  contact  by  means  of  V  =  cd3.  Table  II  shows  that  the  two 
sets  of  figures  approximately  agree,  if  a  suitable  value  is 
chosen  for  the  constant  c.  The  form  of  the  latter  equation  is 
identical  with  that  used  for  the  calculation  of  the  volume  of  a 
hemisphere;  the  constant  c  =  0.11  is,  however,  chosen  less 
than  half  of  the  theoretical  constant  0.262. 

This  means  that  using  the  constant  0.262  the  calculated 
volumes  would  become  more  than  twice  as  large  as  those  cal¬ 
culated  on  the  basis  of  the  calibration  of  the  micropipet. 
This  fact  neither  supports  nor  disproves  the  assumption  of  a 
hemispherical  shape  of  the  microdrops,  since  the  presence  of 
appreciable  constant  errors  must  be  suspected  with  all  the 
measurements  on  which  the  calculations  are  based.  The 
figures  prove,  however,  that  the  relation  between  the  di¬ 
ameter  of  the  circle  of  contact  and  the  length  of  the  column 
delivered  by  the  pipet  is  constant,  and  that  at  least  the  order 
of  the  volume  of  the  hanging  drops  can  be  estimated  from 
either  quantity. 

In  Table  II  the  volumes  were  fisted  with  two  figures  in 
order  better  to  illustrate  the  magnitude  of  the  deviations. 
On  the  basis  of  this  investigation  it  became  possible  to  esti¬ 
mate  from  their  diameters  the  volumes  of  droplets  deposited 
by  a  perpendicular  pipet  on  the  cover  glass  of  the  moist  cham¬ 
ber.  The  estimation  of  the  volume  from  the  dimensions  of  a 
side  view  of  microdrops  is  not  advisable,  since  the  profile 
may  not  reveal  the  elliptical  form  caused  by  improper  align¬ 
ment  of  the  micropipet. 

Spherical  Test  Drop  Suspended  in  a  Liquid  Medium. 
If  the  microdrop  is  suspended  in  an  inert  liquid  medium,  a 
spherical  form  of  the  drop  may  be  assumed  and  its  volume 
may  be  calculated  as  a  function  of  the  diameter:  V  — 
0.1677rd3.  The  accuracy  and  precision  of  such  determinations 
of  volume  and  weight  have  been  discussed  by  Lunde  (21)  in 


connection  with  the  microscopic  measurement  of  spheres  of 
noble  metals.  The  relative  error,  T',  of  the  calculated  vol¬ 
ume,  V  =  cd3,  is  somewhat  more  than  three  times  the  relative 
error,  5',  committed  in  measuring  the  diameter,  d;  this  rela¬ 
tion  is  obtained  by  dropping  52,  the  square  of  the  absolute 
deviation  of  d,  in  the  numerator  of  the  fraction 

T'  =  3000  dS  %o 

Considering  that  the  precision  of  microscopic  measure¬ 
ments  is  limited  by  the  resolving  power  of  the  objective  used 
(7),  the  determination  of  the  volumes  of  small  microdrops 
can  give  approximate  values  only.  This  holds  equally  for 
spherical  and  hemispherical  drops.  Assuming  that  the  posi¬ 
tion  of  the  true  boundary  of  the  drop  is  uncertain  for  only 
±0.2  micron  at  both  ends  of  the  diameter,  the  relative  pre¬ 
cision  of  a  diameter  of  2  microns  becomes  150°/oo  and  the  vol¬ 
ume  of  the  drop  will  be  uncertain  to  the  extent  of  more  than 
450°/oo-  It  is  not  believed,  moreover,  that  the  precision  sug¬ 
gested  above  was  attained  in  the  micrometric  measurements. 

Determination  of  Limits  of  Identification 

The  performance  of  tests  directly  on  the  Parlodion  film  of 
the  cover  glass  of  the  moist  chamber  has  the  advantage  that 
drops  2  microns  in  diameter  are  easily  obtained.  The  trans¬ 
ference  of  the  reagent  drop  to  the  test  drop,  however,  usually 
causes  loss  of  a  micropipet,  since  it  is  difficult  to  prevent  some 
test  solution  from  entering  the  tip  of  the  pipet  containing  the 
reagent  when  it  is  inserted  into  the  test  drop.  Attempts  to 
deposit  the  reagent  drop  so  close  to  the  test  drop  that  the  drops 
finally  touch  and  merge  were  not  entirely  successful,  because 
very  often  the  micropipets  bent  under  the  pressure  applied 
to  the  syringe.  This  bending  may  cause  a  movement  of  the 
tip  awav  from  or  into  the  test  drop.  With  drops  2  microns 
in  diameter  this  movement  need  amount  to  only  1  micron  to 
cause  failure  of  the  procedure. 

If,  finally,  the  test  is  based  on  the  formation  of  a  precipitate, 
the  observation  of  small  quantities  of  precipitate  becomes 
difficult  and  lacks  sensitivity  because  of  the  spherical  interface 
and  the  considerable  difference  of  the  refractive  indices  be¬ 
tween  liquid  and  air  which  produce  disturbing  reflective  and 
refractive  phenomena.  Mainly  for  this  last  reason,  the  crucial 
experiments  were  carried  out  with  drops  suspended  in  oil; 
the  smaller  difference  between  the  refractive  indices  of  the 
test  drops  and  the  paraffin  oil  employed  (n  =  1.48)  reduced 
the  amount  of  optical  interferences  in  the  observation  of  the 
outcome  of  the  tests. 

When  the  drops  were  suspended  in  oil,  the  cover  glass  to 
which  the  oil  was  applied  had  to  be  coated  with  Parlodion. 
If  this  precaution  were  omitted,  any  droplet  of  aqueous  solu¬ 
tion  touching  the  glass  surface  would  spread  out  and  form  a 
thin  layer  between  the  oil  and  the  glass.  In  addition  to 
paraffin  oil,  eugenol,  isoeugenol,  methyl  salicylate,  ethyl 
oxalate,  benzaldehyde,  and  nitrobenzene  were  tried  as  immer¬ 
sion  fluids.  Aside  from  the  refractive  indices,  improvements 
were  anticipated  from  the  densities  and  surface  effects  of 
these  liquids.  The  latter  two  properties  determine  the  ease  or 
difficulty  encountered  when  trying  to  merge  the  reagent  drop 
with  the  test  drop.  All  the  liquids  but  the  paraffin  oil  proved 
impractical  because  of  volatility,  miscibility  with  aqueous 
solutions,  or  chemical  reactivity.  The  refractive  index  of  the 
ethyl  oxalate  is  so  close  to  that  of  the  microdrops  that  the 
drops  showed  a  very  faint  outline  and  were  extremely  difficult 
to  locate  and  to  follow. 

The  addition  of  glycerol  to  the  more  dilute  test  solutions 
could  not  be  abandoned  when  working  in  the  oil  film.  First, 
it  had  to  be  retained  to  prevent  evaporation  of  solvent  from 
the  micropipet.  Secondly,  it  was  observed  that  water  drops 
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Figure  9.  Precipitation  of  Barium  Sulfate 

Left.  Test  drop  has  been  delivered  in  oil  and  is  touching  cover  slip;  pipet  is  ready  to  deliver  reagent  (X  100). 
Center.  Test  and  reagent  drops  have  merged;  barium  sulfate  appears  as  dark  specks  in  center  of  drop;  small 
individual  particles  are  not  easily  recorded  because  of  Brownian  motion  (X  400). 

^’1  j  t.  *  ame  droP '  a?  shown  in  center,  except  that  reflected  dark-field  illumination  from  Epi-Condenser  W  is 
used.  Apparent  shrinkage  of  drop  is  caused  by  change  in  illumination  and  focus. 

not  visible  in  either  center  or  right  (X  400). 


‘True”  outline  of  drop 
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and  drops  of  dilute  solutions 
showed  a  definite  shrinkage  of 
diameter  while  floating  in 
paraffin  oil;  this  phenomenon, 
which  the  authors  hesitate  to 
explain,  was  suppressed  by 
adding  the  same  amount  of 
glycerol  to  water  and  dilute 
solutions  that  is  required  to 
bring  microdrops  of  such 
liquids  into  equilibrium  with 
the  atmosphere  of  the  moist 
chamber. 

At  first,  the  paraffin  oil  was 
applied  as  a  large  drop  to  the 
under  side  of  the  coated  cover 
glass.  When  it  was  observed 
that  the  withdrawal  of  the 
micropipets  from  the  oil  drop 
usually  imparted  violent 
motion  to  the  deposited  micro¬ 
drops,  which  only  at  times  led  to  the  merging  of  the  drops,  a 
thin  layer  of  paraffin  oil  was  tried.  In  a  layer  0.05  to  0.1  mm. 
thick,  microdrops  could  be  deposited  with  nearly  no  after¬ 
motion  on  their  part,  and  the  complete  procedure  was  per¬ 
formed  as  follows: 

One  side  of  the  cover  glass  of  the  moist  chamber  was  coated 
with  a  film  of  Parlodion  as  described  above.  Using  a  clean 
camel’s-hair  brush,  paraffin  oil  was  applied  to  an  area  of  approxi¬ 
mately  1  sq.  cm.  in  the  center  of  the  coated  slide.  A  drop  of  test 
solution  and  a  drop  of  reagent  solution  were  deposited  with  capil¬ 
lary  pipets  close  to  the  oil-treated  area.  The  cover  slip  was  then 
rapidly  inverted  and  placed  on  the  metal  ring  of  the  moist  cham¬ 
ber.  All  parts  of  the  microscope  were  properly  adjusted  before¬ 
hand  and  the  cotton  filling  of  the  chamber  was  soaked  with 
water;  it  is  further  advisable  to  introduce  the  two  micropipets 
into  the  cell  and  to  align  them  in  approximately  the  desired  man¬ 
ner  before  the  chamber  is  closed  with  the  cover  glass.  Micro¬ 
pipets,  bent  at  the  shaftlet  so  that  the  shank  and  the  pipet  proper 
form  an  angle  of  approximately  90°  to  120°,  were  inserted  into 
the  cell  with  the  tips  pointing  upward  and  the  pipets  proper 
slightly  inclined  toward  one  another,  so  that  the  two  pipets  would 
form  an  inverted  V,  if  their  tips  were  made  to  touch. 

For  the  fine  adjustment  of  the  micropipets,  the  moist  chamber 
was  first  moved  by  means  of  the  mechanical  stage  to  such  a  posi¬ 
tion  that  the  cone  of  light  coming  from  the  substage  condenser 
illuminated  an  empty  area  of  the  cover  glass.  The  microscope 
tube  was  lowered  so  as  to  bring  the  focal  plane  of  the  objective  a 
few  millimeters  below  the  lower  surface  of  the  cover  glass  of  the 
chamber,  and  the  microscope  tube  was  held  in  this  position  during 
the  adjustment  of  the  pipets.  While  being  observed  from  the  side, 
one  of  the  pipets  was  moved  in  the  horizontal  direction  of  the  ma¬ 
nipulator  until  its  tip  was  brightly  illuminated  by  the  cone  of  light 
from  the  condenser.  Then,  while  looking  into  the  microscope,  the 
pipet  was  maneuvered  into  position,  so  that  the  image  of  its  tip 
appeared  sharply  in  the  center  of  the  field.  Using  only  the  verti¬ 
cal  fine  motion  of  the  micromanipulator,  the  first  pipet  was 
lowered  out  of  focus  as  far  as  the  depth  of  the  chamber  permitted, 
whereupon  the  procedure  of  centering  was  repeated  with  the 
second  micropipet.  When  the  opening  of  the  second  pipet  finally 
appeared  sharply  focused  in  the  center  of  the  field,  the  first  pipet 
was  carefully  raised  again  so  that  the  tips  of  both  pipets  were 
simultaneously  in  the  field  of  vision.  This  setting  of  the  pipets 
was  best  performed  with  a  low-power  objective  (about  X  5).  The 
magnification  was  increased  later  when  the  need  arose,  as  in  the 
actual  deposition  of  the  microdrops  and  the  observation  of  re¬ 
actions. 

The  underside  of  the  cover  glass  of  the  chamber  was  focused 
with  the  microscope  and  the  chamber  was  moved  with  the  me¬ 
chanical  stage  until  the  drop  of  test  solution  appeared  in  the  cen¬ 
ter  of  the  microscopic  field.  While  exerting  pressure  on  the  piston 
of  the  corresponding  syringe,  the  tip  of  one  pipet  was  raised  into 
the  test  drop  and  a  small  volume  of  the  solution  was  allowed  to 
enter  the  pipet  by  slowly  releasing  the  pressure  on  the  piston. 
When  enough  solution  was  taken  up,  the  pipet  was  lowered  away. 
The  reagent  drop  was  brought  into  the  center  of  the  field  and  a 
small  volume  of  reagent  taken  into  the  second  pipet.  It  was  im¬ 
portant  to  remember  in  which  way  the  manipulators,  pipets, 
reagent  drops,  and  images  were  correlated. 


Finally,  a  portion  of  the  film  of  paraffin  oil  was  brought  into 
the  field  of  vision  and  the  opening  of  the  pipet  containing  the  test 
solution  was  carefully  raised  into  the  oil.  By  carefully  pressing 
on  the  piston  of  the  syringe,  a  drop  of  the  test  solution  was  de¬ 
livered.  As  the  solution  preferentially  wets  the  glass  of  the  pipet, 
the  drop  adhered  to  the  tip  until  it  was  withdrawn  from  the  oil. 
When  the  point  of  the  pipet  was  pulled  through  the  surface  of  the 
oil  film,  the  drop  of  solution  was  stripped  off  the  tip  and  became 
suspended  in  the  oil  film.  The  diameter  of  the  now  spherical  drop 
was  determined  with  the  eyepiece  micrometer;  if  the  microdrop 
moved,  it  was  kept  in  the  field  by  proper  compensation  with  the 
mechanical  state  until  the  movement  subsided. 

The  opening  of  the  pipet  containing  the  reagent  was  raised 
into  the  oil  close  to  the  test  drop  (Figure  9,  left),  and  a  small  drop 
of  reagent  was  expressed.  If  the  microdrops  of  test  solution  and 
reagent  were  of  different  size  and  not  too  far  apart,  the  smaller 
drop  was  invariably  attracted  to  the  larger  one.  This  was  fol¬ 
lowed  by  merging  of  the  drops.  If  the  drops  happened  to  be  of 
the  same  size,  merging  did  not  usually  occur  unless  they  came  very 
close  together.  This  proximity,  however,  could  be  produced  by 
raising  one  of  the  pipets  and  stirring  the  oil,  in  a  sense  pushing  the 
drops  together. 

When  the  test  drop  was  too  close  to  the  reagent  pipet,  it  was 
attracted  to  the  glass  of  the  pipet.  In  such  instances  some  re¬ 
agent  was  expressed  and  the  pipet  withdrawn;  the  droplet  re¬ 
maining  behind  w'hen  the  point  of  the  pipet  was  pulled  through 
the  surface  of  the  oil  film  consisted  of  a  mixture  of  test  and  reagent 
solution  containing  the  product  of  the  reaction.  The  disadvan¬ 
tage  of  such  occurrences  was  the  impossibility  of  controlling  the 
amount  of  reagent;  in  addition,  inspection  of  the  reagent  drop 
before  merging  with  the  test  drop  became  impossible. 


Table  III.  Conditions  under  Which  Positive  Tests  Were 

Obtained 


Volume  of  Test 

Concentration 

Mass  of  Metallio 

Type  of  Test 

Solution  Taken 

of  Test  Solution 

Ion  Taken 

10~u  liter 

Grams/liter 

10 -14  gram 

Barium  sulfate 

110 

10 

1000 

110 

1 

100 

110 

0.1 

10 

110 

0.01 

1  (£/) 

Prussian  blue 

9.6 

10 

96 

3.8 

10 

38  {Li) 

110 

1 

110 

The  technique  of  performing  confirmatory  tests  was  applied 
to  the  barium  sulfate  and  Prussian  blue  tests,  using  varying 
concentrations  of  barium  chloride  and  ferric  chloride  solutions 
as  test  solutions.  The  more  dilute  solutions  contained  glyc¬ 
erol  to  prevent  shrinkage  in  oil  and  to  retard  evaporation 
from  the  supply  drops  and  from  the  micropipets.  An  acidu¬ 
lated,  saturated  solution  of  sodium  sulfate  (pH  1)  served  as 
reagent  in  the  barium  tests  and  a  0.0025  molar  solution  of 
potassium  ferrocyanide  was  used  for  the  precipitation  of 
Prussian  blue.  The  results  are  compiled  in  Table  III. 
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Barium  Solutions.  With  the  1  and  0.1  per  cent  barium 
.olutions  granular  precipitates  were  obtained  which  could 
>e  easily  observed  with  a  magnification  of  X  397  and  trans- 
nitted  light.  The  same  was  true  when  large  (30  to  40  mi- 
;rons)  microdrops  of  0.01  and  0.001  per  cent  barium  solutions 
vere  used.  With  small  microdrops  of  8  to  12  microns  of  these 
iolutions,  however,  it  became  difficult  to  observe  the  forma¬ 
tion  of  precipitates  with  transmitted  light  because  of  the 
sffect  of  the  high  curvature  of  the  surface  of  the  spherical 
Irops  and  the  considerable  difference  between  the  refractive 
ndices  of  the  aqueous  medium  and  the  paraffin  oil. 

Since  the  special  dark-field  condenser  chamber  supplied  by  the 
|S.  Leitz  Company  was  found  inconvenient  to  use  in  this  type  of 
:hemical  work,  an  attempt  was  made  to  obtain  a  suitable  dark- 
ield  illumination  for  observing  the  test  by  sending  a  concentrated 
wam  of  light  through  a  glass  rod  from  above  the  moist  chamber 
down  on  the  microdrop.  A  glass  rod  about  5  mm.  in  diameter 
vas  drawn  out  at  one  end  to  a  diameter  of  1  to  2  mm.  The  thin 
rart  of  the  rod  was  cut  off  squarely  and  bent  slightly  approxi- 
nately  1  cm.  from  the  cut.  The  bend  was  coated  with  a  silver 
nirror  for  a  length  of  2  cm.,  and  the  thick  end  of  the  rod,  to  which 
i  cover  slip  was  attached  by  means  of  Canada  balsam,  was  il- 
uminated  by  concentrating  the  fight  of  a  tungsten  arc  on  it. 
The  end  of  the  thin  part  was  pointed  from  above  at  the  microdrop 
n  the  field  of  the  microscope. 

The  arrangement  gave  fairly  satisfactory  results,  but  was 
Snally  replaced  by  the  Zeiss  Epi-Condenser  W  for  the  sake  of 
efficiency  and  convenience.  The  dark-field  illumination  obtained 
with  the  condenser  made  barium  sulfate  particles  visible  under 
conditions  where  the  bright-field  illumination  failed.  The  micro¬ 
drops  of  test  solutions  and  reagents  were  uniformly  clear.  On 
merging,  a  reaction  occurred,  as  evidenced  in  the  case  of  barium 
sulfate  by  the  appearance  after  a  few  moments  of  a  fine  crystalline 
precipitate  producing  specks  near  the  surface  and  clumps  in  the 
center  of  the  drop  (Figure  9,  center).  The  clumps  were  not  well 
defined  but  constituted  an  unquestionable  evidence  of  the  forma¬ 
tion  of  a  new  phase. 

As  more  dilute  test  solutions  were  used,  the  precipitate 
became  sparser,  until,  at  the  limiting  concentration,  it  be¬ 
came  visible  only  by  means  of  dark-field  illumination  as  a  few 
white  specks  (Figure  9,  right).  The  smallest  drop  with  which 
one  could  work  conveniently  was  from  one-half  to  one  divi¬ 
sion  of  the  eyepiece  micrometer  (7  to  14  microns)  at  a  total 
visual  magnification  of  X  397  and  a  corresponding  magnifi¬ 
cation  of  X  99.2  on  the  photographic  film.  The  use  of  higher 
magnification  was  discontinued  when  experience  showed  that 
the  depth  of  focus  was  too  shallow  for  efficient  manipulation 
and  that,  under  the  existing  conditions,  a  small  amount  of 
precipitate  can  be  seen  just  as  well  with  a  X  16  dry  objective 
as  with  an  X  50  oil  immersion.  With  transmitted  light, 
smaller  drops  appeared  as  black  disks.  Larger  drops  (7  to 
14  microns  in  diameter)  were  transparent,  but  were  sur¬ 
rounded  by  a  dark  rim  which  came  together  in  the  smaller 
drops  completely  to  obliterate  any  transparency.  With  dark- 
field  illumination  the  smaller  drops  appeared  as  bright  disks, 
which  made  difficult  the  observation  of  particles  of  a  precipi¬ 
tate.  While  the  manipulation  of  hemispherical  drops  on  a 
dry  cover  glass  proved  unsatisfactory,  the  conditions  of 
dark-field  observation  would  have  been  more  favorable  be¬ 
cause  one  looks  directly  through  plane  surfaces  into  the  in¬ 
terior. 

Prussian  Blue  Test.  With  the  Prussian  blue  test  the 
same  phenomena  were  observed  as  far  as  merging  and  droplet 
sizes  were  concerned.  With  fairly  large  droplets  (30  to  40 
microns  in  diameter)  of  1  per  cent  ferric  chloride  solution, 
addition  of  potassium  ferrocyanide  solution  gave  a  dark  blue 
precipitate,  visible  only  with  bright-field  illumination.  Small 
drops  5  to  7  microns  in  diameter  of  1  per  cent  ferric  chloride 
solution  and  larger  drops  15  microns  in  diameter  of  0.1  per 
cent  ferric  chloride  gave  blue  colorations.  The  visibility  of 
the  coloration,  however,  was  very  poor  even  under  conditions 
where  one  might  have  expected  a  rather  strong  test.  The 
color  was  often  fleeting  and  easily  destroyed  by  an  excess  of 


reagent.  Even  more  than  in  the  case  of  barium  sulfate  forma¬ 
tion  is  the  sensitivity  limited  by  the  minimum  volume  of 
drops  which  was  needed  in  order  to  see  the  color  without 
guessing  whether  it  was  caused  by  the  formation  of  Prussian 
blue  or  was  produced  by  refractive  phenomena. 

Summary 

The  experimental  limitations  are  determined  by  a  number 
of  factors,  among  which  may  be  emphasized  (1)  size  and  shape 
of  the  micropipet,  (2)  steadiness  of  the  micromanipulators 
and  their  supports,  (3)  delicacy  of  adjustment  given  by  the 
micromanipulators,  (4)  optical  conditions  in  the  specimen,  (5) 
method  of  illumination,  and  (6)  amount  of  fatigue  imposed  on 
the  experimenter.  Providing  the  establishment  of  ideal  con¬ 
ditions  for  the  performance  of  the  experiments,  the  limits 
of  identification  are  mainly  determined  by  the  increase  of 
solubility  with  decreasing  particle  size  of  precipitates,  the 
inherent  intensity  of  colorations,  the  resolving  power  of  the 
microscope,  and  the  limits  of  microscopic  visibility;  it  is 
implied  that  the  concentration  sensitivity  of  the  tests  plays  a 
decisive  part. 
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Determination  of  Sodium  in  Biological  Fluids 
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THE  observation  of  Muller  (7)  that  sodium  salts  of  pheno¬ 
lic  acids  develop  colors  with  solutions  of  uranyl  salts  has 
suggested  a  colorimetric  modification  of  the  Barber  and  Kolt- 
hoff  (2)  technique  for  the  determination  of  sodium.  Spectro- 
photometric  examination  (by  the  Color  Measurements 
Laboratory,  Massachusetts  Institute  of  Technology)  of  the 
orange  color  formed  by  sulfosalicylic  acid  and  sodium  acetate 
with  uranyl  zinc  sodium  acetate  revealed  a  rather  wide  ab¬ 
sorption  band  with  a  maximum  below  400  mju  and  a  slight 
irregularity  at  about  450  m/i  (Figure  1).  Optical  densities  of 
a  series  of  known  dilutions  of  the  color  were  observed  with  all 
the  standard  filters  of  the  Evelyn  (4)  photoelectric  color¬ 
imeter.  The  filter  showing  maximum  transmission  at  440  my 
(range  410  to  475  my)  gave  the  best  proportionality  of 
optical  density  to  concentration.  Further  characteristics  of 
the  color  were  studied,  and  the  color  was  used  in  the  photo¬ 
metric  determination  of  sodium. 

A  standard  solution  was  prepared  containing  uranyl  ace¬ 
tate  dihydrate,  zinc  acetate  dihydrate,  and  sodium  acetate 
trihydrate  in  the  ratio  in  which  they  occur  in  (UCh^ZnNa- 
(C2H302)9.6H20,  and  equivalent  to  0.0165  mg.  of  sodium  per 
ml.  To  varying  amounts  of  this  solution  were  added  in  order 
4  ml.  of  5  per  cent  sulfosalicylic  acid,  4  ml.  of  10  per  cent 
sodium  acetate  trihydrate,  and  enough  water  to  make  100 
ml.  Table  I  shows  the  observed  values  of  the  optical  density 
of  these  solutions  in  the  Evelyn  macrocolorimeter  with  the 
440  my  filter,  and  the  calculated  values  of  the  ratio  of  optical 
density  to  concentration.  The  progressive  decrease  of  this 
ratio  in  Table  I  indicates  that  the  color  does  not  conform  ex¬ 
actly  with  Beer’s  law.  However,  the  data  in  Table  I  were  re¬ 
peatedly  checked,  with  multiple  dilutions  of  several  inde¬ 
pendently  prepared  standard  solutions,  and  were  found  to  be 
constant. 

The  ratio  of  density  to  concentration  was  expressed  as  a 
function  of  the  density  by  the  method  of  least  squares  ( 8 )  in 
the  equation 

K  =  0.889  -  0.1449L  (1) 

where  K  is  the  ratio  of  density  to  concentration  and  L  is  the 
density. 

Within  the  range  of  concentrations  studied  the  color  was 
observed  to  be  stable  for  a  period  of  3  hours  and  over  a  tempera¬ 
ture  range  of  5°  C.  The  color  was  found  to  be  sensitive  to 
changes  of  acidity.  The  addition  of  mineral  acid  diminished 


Table  I.  Relationship  of  Optical  Density  to  Concentra¬ 
tion  of  Sodium 


Optical  Density 

Density/Concentration 

Sodium 

Mg. 

(Average)2 

(Average)2 

0.066 

’  0.0580 

0.879 

0. 132 

0.1156 

0.876 

0.198 

0.1707 

0.862 

0.264 

0.2264 

0.858 

0 . 2805 

0.2403 

0.857 

0.297 

0.2537 

0.854 

0.3135 

0.2656 

0.847 

0.330 

0.2798 

0.848 

0 . 3465 

0.2924 

0.844 

0.363 

0.305 

0.840 

0.3795 

0.319 

0.841 

0.396 

0.332 

0.838 

0.462 

0.385 

0.833 

0.528 

0.437 

0.827 

0 . 594 

0.487 

0.819 

0.660 

0.536 

0.812 

a  Equation  1  was  derived  from  individual,  not  average,  values  of  K  and  L. 


the  color  markedly.  The  dropwise  addition  of  sodium  hy¬ 
droxide  first  increased  the  color  to  a  density  almost  twice  as 
great  as  that  used  in  these  experiments;  further  additions 
caused  rapid  fading  of  the  color.  The  most  intense  color 
could  be  obtained  by  neutralizing  the  sulfosalicylic  acid  to  a 
phenolphthalein  end  point  before  adding  it  to  the  uranyl  solu¬ 
tion.  This  intense  color  was  not  used  in  the  determination  of 
sodium,  however,  because  it  was  found  to  be  much  more  sen¬ 
sitive  to  changes  of  acidity  than  was  the  color  with  sulfo¬ 
salicylic  acid  and  sodium  acetate,  and  because  it  did  not  con¬ 
form  with  Beer’s  law  as  closely  as  did  the  color  used. 


Figure  1.  Absorption  Spectrum 

Solution  contains  44  mg.  of  (U02)3ZnNa(C2H302)8.6H20,  4  ml.  of  5  per 
cent  sulfosalicylic  acid,  and  4  ml.  of  10  per  cent  NaC2H302.3H20  in  100  ml. 


Variations  in  the  relative  amounts  of  sulfosalicylic  acid 
and  sodium  acetate  used  in  the  development  of  the  color 
were  found  to  cause  variations  in  the  intensity.  Conse¬ 
quently,  the  concentrations  of  sulfosalicylic  acid  solutions 
were  standardized  by  titration  against  standard  sodium  hy¬ 
droxide;  5  ml.  of  sulfosalicylic  acid  solution  required  17.25 
ml.  of  0.100  N  sodium  hydroxide  for  neutralization  to  a 
phenolphthalein  end  point. 

Reagents  and  Method 

Trichloroacetic  acid,  20  per  cent  solution. 

Ashless  filter  paper,  Whatman  No.  40. 

Uranyl  zinc  acetate  reagent,  prepared  according  to  Weinbach 
{11).  Solution  A:  77  grams  of  uranyl  acetate,  UCh^HsChL.- 
2HsO,  and  14  ml.  of  glacial  acetic  acid  are  dissolved  by  heating 
and  stirring  in  400  ml.  of  water.  Solution  B:  231  grams  of  zinc 
acetate,  Zn^HaChh^^O,  and  7  ml.  of  glacial  acetic  acid  are 
dissolved  by  heating  and  stirring  in  400  ml.  of  water.  The  two 
solutions  are  mixed  while  still  warm.  After  standing  24  hours, 
the  solution  is  ready  for  use.  It  is  filtered  immediately  before 
using. 

Ethyl  alcohol,  95  per  cent. 

Ethyl  acetate-acetic  acid  wash  reagent:  300  ml.  of  c.  p.  ethyl 
acetate  diluted  to  1  liter  with  glacial  acetic  acid. 

Ethyl  ether,  redistilled. 

Sulfosalicylic  acid,  5  per  cent  solution,  checked  by  titration, 
as  described  above. 

Sodium  acetate  trihydrate,  10  per  cent  solution:  50  grams  of 
c.  p.  sodium  acetate,  NaC2H302.3H20,  dissolved  in  water  and  di¬ 
luted  to  500  ml. 

Sulfuric  acid,  6  N,  concentrated  nitric  acid,  and  30  per  cent 
hydrogen  peroxide. 

For  the  determination  of  sodium  in  blood  serum,  urine,  or  cere¬ 
brospinal  fluid,  1  ml.  of  1  to  10  trichloroacetic  acid  filtrate  of  the 
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material,  or  0.1  ml.  of  material  wet-ashed  by  the  procedure  of 
Hoffman  and  Osgood  ( 6 ),  is  analyzed.  _ 

In  the  preparation  of  trichloroacetic  acid  filtrates,  1  ml.  of 
biological  material  is  delivered  from  a  pipet  (calibrated  to  deliver 
the  material  measured)  into  7  ml.  of  distilled  water  in  a  test  tube; 
while  shaking  the  tube  gently,  2  ml.  of  20  per  cent  trichloroacetic 
acid  are  added.  The  contents  of  the  tube  are  thoroughly  mixed  by 
stirring  and  allowed  to  stand  for  10  minutes.  After  filtration 
through  an  ashless  filter  paper,  1  ml.  of  the  clear  filtrate  is  de¬ 
livered  from  a  pipet  calibrated  for  delivery  of  water  into  a  15-ml. 
conical  centrifuge  tube  for  treatment  with  uranyl  zinc  acetate 
reagent. 

In  the  preparation  of  ashed  samples,  0.1  ml.  of  the  material  to 
be  analyzed  is  delivered  from  a  pipet  calibrated  to  deliver  that 
material  into  a  15-ml.  conical  centrifuge  tube  of  heat-resistant 
glass.  After  addition  of  0.2  ml.  of  6  N  sulfuric  acid  and  0.1  ml. 
of  concentrated  nitric  acid,  the  tube  is  placed  in  a  beaker  of  boil¬ 
ing  water  for  10  minutes  or  longer.  The  tube  is  then  removed 
from  the  water  bath  and  the  contents  are  charred  over  a  free 
flame.  By  allowing  a  small  flame  from  the  microburner  to  strike 
just  above  the  level  of  the  liquid  in  the  constantly  shaken  tube, 
very  little  danger  of  loss  from  spattering  is  encountered.  The 
tube  is  allowed  to  cool  while  another  is  being  similarly  treated. 
Then  one  drop  of  30  per  cent  hydrogen  peroxide  is  added  from  a 
capillary  pipet.  The  contents  are  again  evaporated  over  a  free 
flame  until  sulfur  trioxide  fumes  fill  the  tube,  and  allowed  to  cool 
during  the  treatment  of  the  second  tube.  The  addition  of  hydro¬ 
gen  peroxide  is  continued  until,  after  evaporation  to  sulfur  tri- 
oxide  fumes,  only  a  colorless  drop  of  liquid  remains  in  the  tube. 
(All  tubes  in  any  series  are  treated  with  equal  amounts  of  hydro¬ 
gen  peroxide  in  order  to  ensure  constancy  of  the  blank;  6  drops 
or  less  will  generally  be  enough  to  produce  a  clear  solution.) 
After  the  final  evaporation  with  hydrogen  peroxide,  the  tube  is 
allowed  to  cool  for  10  minutes  or  more,  and  to  it  is  added  0.9  ml. 
of  water.  After  mixing  the  contents  of  the  tube,  it  is  ready  for 
treatment  with  uranyl  zinc  acetate  reagent. 

To  1  ml.  of  solution  prepared  by  one  of  the  methods  described 
above,  5  ml.  of  freshly  filtered  uranyl  zinc  acetate  reagent  are 
added.  At  5-minute  intervals  are  added  seven  0.3-ml.  portions 
of  ethyl  alcohol.  These  additions  must  occupy  at  least  0.5  hour, 
and  may  take  longer.  After  each  of  the  first  five  additions  of 
alcohol  the  liquid  in  the  tube  is  mixed  first  by  tapping  the  bottom 
of  the  tube,  producing  a  rotatory  motion  in  the  upper  part  of  the 
liquid,  then  by  rolling  the  tube  back  and  forth  between  the  palms 
of  the  hands,  thus  producing  effective  mixing  in  the  lowest  part 
of  the  tube.  The  last  two  additions  of  alcohol  serve  to  wash 
down  the  walls  of  the  tube  and  are  allowed  to  remain  layered  on 
the  solution.  After  the  last  addition  of  alcohol,  the  tube  is  cen¬ 
trifuged  at  2000  r.  p.  m.  for  10  minutes,  decanted,  inverted,  and 
allowed  to  drain  for  5  minutes. 

The  mouth  of  the  tube  is  wiped  dry  and  the  precipitate  is  agi¬ 
tated  by  blowing  on  it  a  fine  stream  of  about  2  ml.  of  ethyl  ace¬ 
tate-acetic  acid  wash  liquid.  (In  the  case  of  urines  which  con¬ 
tain  much  phosphate  the  precipitate  must  be  agitated  by  stirring 
with  a  glass  rod,  which  is  washed  off  with  the  wash  liquid  after 
each  use.)  The  walls  of  the  tube  are  washed  down  with  a  small 
amount  of  the  liquid.  Centrifuging  for  10  minutes,  draining  for  5 
minutes,  and  wiping  are  carried  out  as  before,  and  about  5  ml.  of 
ether  are  used  to  wash  the  precipitate  and  the  walls  of  the  tube; 
precipitates  from  urines  must  be  stirred  with  a  glass  rod.  The 
tube  is  centrifuged  for  5  minutes,  decanted,  and  drained  for  1 
minute.  (Longer  draining  may  allow  the  flaky  precipitate  to  be¬ 
come  so  dry  that  it  crumbles  and  falls  out  of  the  tube.)  The 
precipitate  is  washed  a  second  time  with  5  ml.  of  ether,  centri¬ 
fuged  5  minutes,  decanted,  and  drained  for  1  minute.  The  tube 
is  put  in  a  warm  place  for  5  minutes  to  evaporate  the  last  traces 
of  ether.  To  this  point  the  procedure  is  identical  for  blood,  urine, 
and  cerebrospinal  fluid,  with  the  exception  of  the  agitation  of  pre¬ 
cipitates,  as  noted. 

For  blood  and  cerebrospinal  fluid,  the  remainder  of  the  pro¬ 
cedure  is  as  follows:  The  washed,  dried  precipitate  is  dissolved  in 
4  to  5  ml.  of  water  and  transferred  quantitatively  to  a  100-ml. 
volumetric  flask.  The  solution  in  the  flask  is  diluted  to  about  70 
ml.,  and  to  it  are  added  in  order  4  ml.  of  5  per  cent  sulfosalicylic 
acid,  4  ml.  of  10  per  cent  sodium  acetate  trihydrate,  and  water  to 
make  100  ml.  The  contents  of  the  flask  are  mixed  thoroughly 
and  a  15-ml.  portion  is  transferred  to  an  Evelyn  colorimeter  tube 
and  read  in  the  colorimeter,  using  the  440  m/j.  filter.  The  instru¬ 
ment  is  set  to  read  100  with  a  tube  containing  4  ml.  each  of  5 
per  cent  sulfosalicylic  acid  and  10  per  cent  sodium  acetate  in  100 
ml.  The  optical  density,  L,  is  calculated  from  the  formula  L  = 
2  —  log  G,  where  G  is  the  corrected  galvanometer  reading.  The 
concentration  of  sodium  in  the  sample  tube  is  read  from  a  plot  of 
data  in  Table  I,  or  is  obtained  by  dividing  L  by  the  correct  value 
of  K  from  Equation  1.  The  sodium  content  of  a  similarly  treated 
reagent  blank  must  be  subtracted. 


Table  II.  Efficiency  of  Precipitation  and  Washing  in 
Sodium  Chloride  Solutions 


Sodium  Taken 

Sodium  Found 

Error 

Mg. 

Mg. 

% 

0.168 

0. 166 

-1.2 

0.168 

0.168 

0 

0.173 

0. 175 

+  1.2 

0.231 

0.231 

0 

0.231 

0.229 

-0.9 

0.238 

0.237 

-0.4 

0.238 

0.237 

-0.4 

0.301 

0.301 

0 

0.301 

0.301 

0 

0.301 

0.299 

-0.7 

0.332 

0.334 

+0.6 

0.332 

0.332 

0 

0.336 

0.334 

-0.6 

0.336 

0.336 

0 

0.336 

0.334 

-0.6 

0.399 

0.401 

+0.5 

0.399 

0.399 

0 

0.399 

0.399 

0 

0.463 

0.463 

0 

0.463 

0.463 

0 

0.463 

0.463 

0 

0.534 

0.534 

0 

0.534 

0.534 

0 

If  c  is  the  concentration  of  sodium  in  the  sample  tube,  b  is  the 
concentration  in  the  reagent  blank,  and  v  is  the  volume  of  bio¬ 
logical  material  taken  for  analysis,  then 

100  (c  —  b)/v  =  mg.  of  sodium  per  100  ml.  of 

biological  material  (2) 

The  triple  salt  precipitated  from  urine  is  dissolved  by  shaking 
it  with  10.00  ml.  of  water.  Any  uranyl  phosphate  present  re¬ 
mains  in  the  form  of  a  gelatinous  precipitate.  The  tube  is  cen¬ 
trifuged  for  10  minutes  at  2000  r.  p.  m.  Five  milliliters  of  the 
clear  supernatant  fluid  are  pipetted  into  a  50-ml.  volumetric 
flask,  diluted  to  35  ml.  with  water,  treated  with  half-quantities  of 
the  color  reagents,  diluted  to  volume,  and  read  in  the  Evelyn 
colorimeter.  The  result  is  calculated  in  the  same  manner  as  in 
the  procedure  for  blood  or  spinal  fluid,  using  Equation  2. 

The  method  as  presented  is  modified  from  that  of  Wein- 
bach  (11)  in  three  important  respects:  the  use  of  ethyl  acetate 
in  acetic  acid  as  the  wash  liquid,  the  removal  of  phosphate 
after  the  precipitation  of  sodium,  as  in  the  method  of  Hoff¬ 
man  and  Osgood  (6),  and  photometric  instead  of  titrimetric 
quantitation  of  the  precipitated  (U02)3ZnNa(C2H302)9.6H20. 

Saturated  solutions  of  the  triple  salt  in  alcohol  (2),  glacial 
acetic  acid  (10),  and  acetone  (11)  have  been  used  as  wash 
liquids  for  the  precipitated  triple  salt.  Hoffman  and  Osgood 
(6)  found  that  all  three  of  these  saturated  solutions  produced 
precipitates  of  uranium  salts  when  brought  in  contact  with 
uranyl  zinc  acetate  reagent,  while  the  pure  liquids  did  not. 
By  decreasing  the  solubility  of  the  triple  salt  in  acetic  acid 
by  the  addition  of  ethyl  acetate,  it  was  possible  to  avoid 
saturation  of  the  wash  liquid  with  the  triple  salt.  A  solution 
of  30  volumes  of  ethyl  acetate  in  70  volumes  of  glacial  acetic 
acid  was  found  to  give  no  color  with  ferrocyanide  after  shak¬ 
ing  with  the  triple  salt,  and  to  produce  no  precipitation  when 
mixed  with  uranyl  zinc  acetate  reagent.  Although  this  solu¬ 
tion  has  a  very  irritating  odor,  it  can  be  handled  without  dis¬ 
comfort  by  delivering  it  from  a  wash  bottle  with  an  extra, 
finger-stoppered  hole  in  the  stopper  and  a  Bunsen  valve  on 
the  inner  end  of  the  mouthpiece. 

The  efficiency  of  this  wash  liquid,  as  used  in  conjunction 
with  the  precipitation  method,  was  tested  by  analyzing 
varying  amounts  of  standard  sodium  chloride  solution  by  the 
above  method.  Samples  were  treated  immediately  with  the 
precipitating  reagent,  without  pretreatment  with  the  depro- 
teinizing  reagents.  Results  are  shown  in  Table  II. 
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As  a  check  on  the  validity  of  the  method  of  phosphate  re¬ 
moval,  1-ml.  portions  of  a  solution  containing  0.324  mg. 
per  ml.  of  sodium  as  disodium  hydrogen  phosphate  were 
analyzed  by  the  procedure  given  above  for  the  analysis  of 
urine.  When  compared  with  the  results  of  similar  analyses  of 
portions  from  which  phosphate  had  been  removed  by  the 
method  of  Butler  and  Tuthill  (S),  no  difference  in  reliability 
was  observed. 


Results 

Table  III  shows  the  results  of  analyses  of  representative 
biological  fluids.  The  average  value  of  the  sodium  concentra¬ 
tion  in  15  normal  human  blood  sera,  determined  on  ashed 
samples,  was  found  to  be  334  mg.  per  100  ml.;  the  range  was 
from  324  to  342  mg.  per  100  ml.  As  determined  on  trichloro¬ 
acetic  filtrates  of  sera,  the  average  was  341  mg.  per  100  ml.; 
the  range  was  from  333  to  349  mg.  per  100  ml.  The  average 
value  for  ashed  samples  is  in  excellent  agreement  with  the 
figure  of  335  mg.  per  100  ml.,  which  Peters  and  Van  Slyke 
(9)  give  as  the  normal  concentration.  The  variation  of  the 
extremes  was  less  than  ±4  per  cent,  which  Hoffman  and  Os- 


Table  III.  Sodium  Content  of  Biological  Fluids 


Material 


Serum 


Spinal  fluid 


Urine 


Sodium  Found 

Apparent  Increase 

Ashed 

Precipitated 

in  Precipitated 

sample 

sample 

Sample 

Mg. 

per  100  ml. 

% 

337 

341 

1.2 

341 

1.2 

331 

334 

0.9 

331 

334 

0.9 

331 

342 

3.3 

342 

3.3 

334 

345 

3.8 

331 

342 

2.9 

337 

342 

1.5 

342 

1.5 

342 

349 

2.0 

342 

349 

2.0 

340 

345 

1.5 

337 

345 

2.4 

337 

345 

2.4 

326 

336 

3.4 

324 

338 

4.0 

326 

338 

3.7 

326 

338 

3.7 

332 

344 

3.6 

332 

344 

3.6 

335 

344 

2.7 

335 

329 

333 

1.7 

326 

333 

1.7 

335 

338 

0.9 

335 

341 

1.8 

335 

338 

0.9 

335 

341 

1.8 

335 

341 

1.8 

332 

341 

2.7 

338 

1.8 

387 

387 

493 

490 

162 

162 

120 

120 

190 

192 

203 

201 

215 

212 

186 

186 

. . . 

190 

•  •  • 

good  ( 6 )  state  as  the  normal  variation  of  human  serum  so¬ 
dium.  Trichloroacetic  acid  filtrates  gave  values  from  0.9  to 
4.0  per  cent  higher  than  did  ashed  samples  of  the  same  serum. 
The  average  difference  was  2.3  per  cent.  Hald  ( 5 )  and  Ball 
and  Sadusk  (I)  also  found  that  the  values  for  sodium  were 
higher  when  determined  on  trichloroacetic  acid  filtrates  than 
on  ashed  samples.  The  values  for  the  sodium  content  of  two 
samples  of  cerebrospinal  fluid  were  comparable  with  those  of 
the  blood  sera  analyzed. 

The  accuracy  of  the  method  is  demonstrated  by  the  agree¬ 
ment  between  duplicate  samples  treated  in  the  same  way. 
As  an  absolute  check  on  the  accuracy  of  the  method,  known 
amounts  of  sodium  chloride  and  mixtures  of  standard  sodium 
chloride  with  analyzed  blood  sera  were  analyzed  by  the 
method  given.  Results  are  shown  in  Table  IV. 


Table  IV.  Recovery  of  Sodium  from  Mixtures  of  Ana¬ 
lyzed  Serum  and  Standard  Sodium  Chloride  Solution 

Sodium 


Sodium 

Taken 

Total 

from  NaCl 

From 

From 

Sodium 

(Total  —  Serum  — 

Treatment 

NaCl 

serum 

Found 

Blank) 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

% 

Ashed 

0 

0 

0.005 

0.340 

0 

0.344 

6.' 339 

-6'.  3 

0.340 

0 

0.347 

0.342 

+0.6 

0.340 

0.336 

0.681 

0.340 

0 

0.340 

0.336 

0.681 

0.340 

0 

0.340 

0.342 

0.688 

0.341 

+0.3 

0.340 

0.342 

0.688 

0.341 

+0.3 

Filtrate 

0 

0 

0.016 

0.334 

0 

0.350 

0.334 

'6' 

0.334 

0 

0.352 

0.336 

+0.6 

Summary 

The  color  developed  with  uranyl  zinc  sodium  acetate  by 
sulfosalicylic  acid  and  sodium  acetate  has  been  studied. 
While  the  color  does  not  follow  Beer’s  law  exactly,  it  has  been 
found  to  be  reproducible  and  stable  to  time  and  temperature. 

A  new  method,  consisting  of  precipitation  of  uranyl  zinc 
sodium  acetate  from  alcoholic  solution,  removal  of  the  excess 
of  precipitant  by  washing  with  ethyl  acetate  in  acetic  acid 
and  with  ether,  removal  of  phosphate  as  uranyl  phosphate, 
and  photoelectric  measurement  of  the  color  developed  by 
sulfosalicylic  acid  and  sodium  acetate,  has  been  developed 
for  the  determination  of  sodium  in  biological  fluids. 

Recovery  of  sodium  from  known  amounts  of  sodium  chlo¬ 
ride,  both  in  simple  aqueous  solution  and  added  to  blood  sera, 
has  indicated  that  the  various  steps,  as  well  as  the  assembled 
procedure,  have  a  maximum  error  of  less  than  1  per  cent. 
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Gas-Volumetric  Semimicrodetermination  of 

Carbon 

A  Wet  Method  for  Aliphatic  and  Cyclic  Compounds 

E.  BERL  AND  W.  KOERBER 
Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


TO  LEARN  the  nature  of  the  oxidation  products  of  arti¬ 
ficial  carbohydrate  coals  and  for  other  purposes  it  was 
necessary  to  determine  quickly  the  carbon  content  of  those 
organic  compounds  (acids,  organic  salts,  and  neutral  sub¬ 
stances).  A  quick  and  reliable  method  by  wet  combustion 
with  the  use  of  chromic  acid  and  phosphoric  acid  was  de¬ 
scribed  by  Berl  and  Innes  (1),  and  was  used  with  success  for 
the  analysis  of  aliphatic  compounds,  especially  of  carbohy¬ 
drates  with  rather  high  oxygen  content.  These  previous 
experiments  gave  poor  results  for  the  analysis  of  cyclic  com¬ 
pounds.  This  method  has  now  been  changed  somewhat  to 
determine  the  carbon  content  of  cyclic  compounds  with  rather 
low  oxygen  content.  Such  compounds  are  formed  by  the  wet 
oxidation  of  artificial  cellulose  coals  ( 2 )  and  natural  bitumi¬ 
nous  coals  (8). 

In  these  older  experiments  the  wet  combustion  of  aromatic 
compounds  gave  too  low  figures  for  carbon  because,  besides 
carbon  dioxide,  carbon  monoxide  and  hydrocarbons  were 
formed  which  are  not  absorbed  by  alkali  hydroxide.  An¬ 
other  inconvenience  was  observed  if  volatile  acids,  like  ben¬ 
zoic  acid,  had  to  be  analyzed.  Because  the  combustion  must 
be  carried  out  in  a  vacuum,  the  volatility  naturally  causes 
low  figures  for  carbon.  Both  difficulties  can  be  overcome  by 
dissolving  acids  in  carbon  dioxide-free  sodium  hydroxide  and 
precipitating  them  with  an  excess  of  chromic  acid  and  phos¬ 
phoric  acid.  The  organic  acids  result  as  finely  dispersed  ma¬ 
terial  which  is  oxidized  very  quickly,  so  that  the  volatility 
does  not  cause  too  low  figures  for  carbon. 

Mercury,  as  before  (1),  was  used  as  a  catalyst.  Experi¬ 
ments  were  carried  out  with  mercury  oxide  and  sodium 
vanadate  but  these  substances  gave  unsatisfactory  results 
except  in  the  case  of  mellitic  acid,  which  with  its  high  oxygen 
content  can  be  burned  easily  in  an  acid  medium  to  carbon 
dioxide.  Mercury  also  gives  very  good  results  in  the  oxida¬ 
tion  of  oxygen-free  symmetric  compounds  (experiments  8  and 
9)  and  nitrogen-containing  compounds  (experiment  10). 

This  wet  method  can  be  used  with  success  for  the  quick 
determination  of  carbon  in  salts  of  acids  containing  oxygen, 
as  well  as  the  carboxyl  group  (experiment  1),  which  with  dry 
combustion  in  some  cases  give  rather  unsatisfactory  results. 

Method  of  Procedure 

The  sample  (8  to  25  mg.,  depending  upon  the  carbon  content), 
one  drop  of  mercury,  and,  in  the  case  of  acids,  one  pellet  of  carbon 
dioxide-free  sodium  hydroxide  and  a  few  drops  of  water  are 
placed  in  the  oxidizing  flask  (Figure  1).  (The  outside  of  a  pellet 
which  contains  sodium  carbonate  is  removed  with  a  knife.)  All 
joints  and  stopcocks  of  the  apparatus  are  greased  with  viscous 
100  per  cent  phosphoric  acid.  With  stopcock  A  closed  and  stop¬ 
cocks  B  and  C  open,  the  apparatus  is  evacuated  at  C.  After 
reaching  good  vacuum  with  a  water-vacuum  pump,  C  is  closed 
and  the  connection  with  the  water  pump  is  disconnected.  Five 
milliliters  of  concentrated  chromic  acid  solution  are  poured  into 
the  funnel  at  A.  Carefully  opening  A,  practically  all  the  liquid 
is  introduced  into  the  flask,  but  no  air  should  enter.  A  few  drops 
of  water  are  added,  and  stopcock  A  is  carefully  opened  so  that 
no  air  enters.  The  chromic  acid  in  the  capillary  is  replaced. 

Five  milliliters  of  concentrated  phosphoric  acid  are  introduced 
into  the  flask;  again  no  air  should  enter  the  evacuated  apparatus. 
The  flask  is  gently  heated  so  that  its  contents  boil  in  the  vacuum 


for  about  8  to  10  minutes.  Care  must  be  taken  that  a  vacuum 
remains  in  the  apparatus  during  the  whole  operation.  This  de¬ 
pends  on  the  amount  of  gas  formed,  the  vacuum  used,  and  the 
tightness  of  the  stopcocks.  Before  heating,  the  apparatus  is  con¬ 
nected  at  C  with  a  leveling  flask  by  means  of  a  rubber  connection. 
This  leveling  flask  is  filled  with  an  acidified  hydrochloric  acid- 
saturated  sodium  chloride  solution  colored  with  methyl  orange. 
Stopcock  C  is  opened  slightly,  so  that  under  the  influence  of 
vacuum  very  minute  amounts  of  this  salt  solution  enter  the  buret. 
If  an  overpressure  is  formed,  the  sodium  chloride  solution  recedes. 
In  such  a  case  it  is  best  to  stop  the  procedure  and  discard  the 
whole  experiment. 


After  the  sample  has  been  burned  completely  B  is  closed,  con¬ 
centrated  hot  sodium  sulfate  solution  is  added  to  funnel  A,  A  is 
opened,  and  the  flask  is  filled  with  this  solution.  No  air  should 
enter  through  A.  When  no  further  sodium  sulfate  solution  enters 
the  flask,  B  is  opened.  The  sodium  sulfate  solution  fills  the 
capillary  between  the  combustion  flask  and  the  buret  and 
reaches  the  lower  part  of  the  bore  of  stopcock  B.  B  is  closed  and 
the  buret  is  disconnected  from  the  combustion  flask.  A  period 
of  about  25  minutes  is  required  for  the  warm  gas  in  the  buret 
to  reach  room  temperature.  A  thermometer  must  be  fixed  with 
its  mercury  bulb  in  the  middle  of  the  gas  column  in  the  buret. 

Then  C  is  opened  and  saturated  acidified  colored  sodium  chlo¬ 
ride  solution  is  introduced  until  the  levels  in  the  buret  and  in 
the  leveling  flask  are  the  same.  The  volume  of  gas  (carbon  di- 
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Table  I.  Determination  of  Carbon 


Expt.  Conversion  to  Carbon 


No. 

* - Substance - 

- ' 

Sodium  Salt 

Catalyst 

CO2 

t 

P 

Found 

Calculated 

Gram 

Ml. 

0  C. 

Mm.  Hg 

% 

% 

1 

Sodium  oxalate,  C20.iNa2 

0.0273 

— 

None 

10.00 

20 

746 

17.73 

17.91 

0.0254 

— 

None 

9.80 

22 

727 

18.00 

2a 

Benzoic  acid,  C7H6O2 

0.0159 

+ 

None 

10.20 

23 

745 

30.56 

68.85 

2b 

0.0129 

— 

Hg 

12.30 

24 

741 

44.98 

2c 

0.0141 

+ 

Hg 

20.90 

25 

735 

69.0 

2d 

0.0126 

+ 

Hg 

18.50 

24 

738 

69.0 

2e 

0.0109 

+ 

HgO 

14.20 

20 

736 

62.17 

2f 

0.0120 

+ 

Vd206 

16.20 

18 

740 

65.38 

3 

Phthalic  acid,  CsHeCb 

0.0193 

+ 

Hg 

23.70 

24.5 

735 

57.31 

57.81 

0.0169 

+ 

Hg 

21.00 

25 

735 

57.83 

4 

Salicylic  acid,  C7H6O3 

0.01405 

+ 

None 

18.36 

23 

740.6 

61.86 

61.31 

5a 

Mellitic  acid,  C12H6O12 

0.0214 

+ 

Hg 

19.00 

24 

742 

41.93 

42.10 

5b 

0.0172 

+ 

Hg 

15.60 

25.8 

736 

41.91 

5c 

0.0196 

+ 

HgO 

17.05 

20.5 

744.5 

41.90 

5d 

0.0216 

+ 

Vd204 

19.19 

22.8 

739 

42.03 

6 

Benzene  pentacarbonic  acid,  CnHeOio 

0.0191 

+ 

Hg 

17.80 

24 

744 

44.13 

44.29 

0.0190 

+ 

Hg 

18.00 

25 

738 

44.27 

7 

Diphenic  acid,  C14H10O4 

0.0141 

+ 

Hg 

20.60 

23.5 

746 

69.55 

69.42 

8 

a-Naphthoic  acid,  C11H8O2 

0.0139 

4- 

Hg 

22. 10 

25 

746 

75.13 

76.74 

0.0127 

+ 

Hg 

19.90 

21 

742 

75.02 

9 

Phenanthrene,  CuHio 

0.0092 

_ 

Hg 

18.55 

25.2 

741 

94.52 

94  34 

0.0120 

- 

Hg 

24.6 

28.2 

740 

94.52 

10 

Diphenyl,  C12H10 

0.0086 

— 

Hg 

17.05 

23 

737 

93.37 

93.50 

0.0084 

— 

Hg 

16.70 

25 

741 

94.32 

11 

Diphenylamine,  (CeHs^NH 

0.0094 

— 

Hg 

17.10 

25.8 

741 

85.07 

85.16 

0.0100 

— 

Hg 

18.20 

24.4 

736 

85.06 

oxide  plus  foreign  gas,  mostly  air)  in  the  buret  is  now  read.  A 
slight  vacuum  is  created  in  the  buret  by  lowering  the  leveling 
flask,  closing  C,  and  introducing  a  50  per  cent  potassium  hydroxide 
solution  through  the  funnel  above  B.  B  is  closed,  and  the  buret 
shaken  in  a  horizontal  position.  After  the  carbon  dioxide  ab¬ 
sorption  is  finished,  some  concentrated  sodium  chloride  solution 
is  added  through  the  funnel  above  B.  Then  the  volume  of  non- 
absorbed  gas  is  read  with  the  help  of  the  leveling  flask. 


BAROMETRIC  MANTISSAS  Or  LOGARITHM 

PRESSURE  (0, -I) 


Figure  2.  Nomogram  for  Carbon  Determination 

This  nomogram  is  from  a  series  published  in  1930  by  Julius  Springer, 
Berlin,  under  the  title  “Nomographic  Charts  for  the  Chemical  Industry”. 
In  the  original  preparation  E.  Berl  had  the  assistance  of  W.  Herbert 
and  W.  Wahlig. 


The  combustion  can  be  carried  out  in  a  few  minutes.  The 
reading  of  the  volume  of  gas,  the  absorption  of  carbon  dioxide, 
and  the  reading  of  the  residual  gas  also  need  a  few  minutes. 
Therefore,  this  method,  where  it  can  be  used,  gives  very  quick 
and  satisfactory  results. 

The  nomogram  (Figure  2)  helps  to  calculate  the  carbon 
content  very  quickly  in  a  graphical  way. 

Example.  At  p  =  740  mm.  of  mercury  pressure  and  t  =  30°  C., 
a  certain  volume  of  carbon  dioxide  in  contact  with  saturated 
sodium  chloride  solution  has  been  found.  The  weight  of  the  car¬ 
bon  in  this  volume  of  carbon  dioxide  is  to  be  determined. 

Point  740  on  line  at  left  is  connected  with  point  30  on  the 
temperature  line.  The  extension  of  this  line  cuts  the  third  line  at 
0.9278  —  1,  which  is  the  logarithm  of  the  correction  factor  and 
on  the  right  at  0.6595  —  1,  which  is  the  logarithm  of  the  milli¬ 
grams  of  carbon  in  1  ml.  of  the  gas  volume  read  (at  p  mm.  of 
mercury  and  t°  C.).  The  experimenter  therefore  reads  the  ab¬ 
sorbed  carbon  dioxide  in  milliliters,  takes  its  logarithm,  adds  the 
logarithm  figure  obtained  by  connecting  with  a  straight  line  the 
points  for  observed  temperature  and  pressure,  subtracts  the 
logarithms  of  the  weight  of  the  substance  investigated,  and  gets 
at  once  the  per  cent  of  carbon  in  the  substance. 

Table  I  shows  the  results  obtained.  Experiment  2  shows 
that  unsatisfactory  results  are  obtained  by  burning  benzoic 
acid,  because  of  the  volatility  of  this  acid  in  a  vacuum.  By 
converting  the  acid  into  its  sodium  salt  and  using  mercury 
as  a  catalyst,  excellent  results  are  obtained  in  a  very  short 
time. 

Experiments  2e  and  2f,  using  mercuric  oxide  and  vanadium 
pentoxide  as  catalysts,  did  not  give  satisfactory  results.  In 
the  analysis  of  mellitic  acid  mercury  oxide  and  vanadium 
oxide  (experiment  5,  a,  b,  c,  and  d)  gave  good  results.  Ex¬ 
periments  9,  10,  and  11  show  that  aromatic  hydrocarbons  and 
aromatic  amines  can  be  analyzed  with  good  results. 

This  wet,  semimicrochemical  method  can  be  carried  out 
with  cheap  laboratory  apparatus  found  in  all  laboratories. 
Because  of  its  simplicity  it  has  perhaps  some  advantages 
over  the  excellent  Van  Slyke  method  (4)- 
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THE  General  Foods  Corporation,  as  such,  was  put  to¬ 
gether  during  the  great  merger  period  of  1925  to  1929. 
Its  products  are  many  and  of  widely  different  composition, 
and  when  in  1937  the  time  appeared  right  to  consider  the 
benefits  to  be  gained  by  centralizing  research  and  develop¬ 
ment  activities,  there  was  very  little  in  the  way  of  precedent 
to  follow.  Nevertheless,  an  analysis  of  the  projects  being 
prosecuted  in  the  scattered  laboratories  of  the  corporation  re¬ 
vealed  that  the  problems  could  be  classified  naturally  under 
fundamental  chemical  research,  engineering  research,  and 
technical  sales  service. 

The  Central  Laboratories  have  been  planned  to  fit  an  organi¬ 
zation  of  skilled  technical  personnel.  It  has  been  found  of  great 
benefit  to  have  capable  mechanical  development  engineers 
working  in  connection  with  chemical  experts.  The  solution 
of  many  problems  fundamentally  chemical  in  nature  has  been 
helped  tremendously  by  the  ability  of  an  inventive  and  re¬ 
sourceful  mechanical  engineer  to  produce  the  right  gadget  at 
the  right  time.  Many  chemists,  when  not  in  their  own  labora¬ 
tories,  may  be  found  quite  as  often  in  the  machine  shop  as 
in  the  library.  The  technical  sales  service  work  is  a  rela¬ 
tively  new  activity,  but  is  of  increasing  importance  and  marks 
the  beginning  of  the  use  of  the  Research  Department  as  a 
sales  tool. 

At  the  time  the  decision  was  made  to  centralize  the  cor¬ 
poration  research,  it  was  also  decided  to  build  in  the  Metro¬ 
politan  New  York  area  a  very  large  coffee  plant.  Combining 
the  Central  Laboratory  project  with  this  much  larger  building 
made  it  possible  to  acquire,  with  relatively  little  expense, 
engineering  services  of  a  caliber  not  ordinarily  available. 

With  the  help  of  the  engineering  organization  laboratory 
division,  layouts  were  made  and  combined  in  a  great  variety 
of  arrangements  until  it  was  decided  that  a  three-story-and- 
basement  rectangular  building,  70  feet  wide  and  160  feet  long, 
would  give  the  required  space  and  arrangement. 

The  building  was  finished  April  1,  1939,  and  equipped  and 
occupied  during  April,  May,  and  June. 

The  type  of  construction  decided  upon  was  a  fabricated 
steel  framework  with  concrete  and  glass  outer  walls  and  all 
exterior  exposed  concrete  faced  with  brick.  All  stairways  are 
of  concrete  with  steel  treads.  Stair  wells  and  elevator  and  pipe 
shafts  are  made  of  hollow  tile,  plastered  where  exposed. 


Floors  are  of  maple  laid  over  a  3-inch  subflooiing,  which 
is  laid  directly  on  steel  girders.  The  main  floor  and  the  second 
floor  are  provided  with  false  ceilings  in  order  to  conceal  the 
intricate  piping  necessary  for  a  laboratory  of  this  type. 
Sprinkler  pipes  are  placed  within  the  space  between  the 
ceiling  and  the  floor  above  with  only  the  sprinkler  heads  ex- 
posed. 

Particular  attention  was  paid  to  the  lighting  of  the  labora¬ 
tories.  The  building  is  so  constructed  that  windows  are 
practically  continuous  on  the  outer  walls  of  every  laboratory 
space  and  abundant  natural  light  is  available.  The  light  from 
the  windows  on  all  sides  of  the  building,  except  the  north,  is 
controlled  by  Venetian  blinds.  Artificial  lighting  is  provided 
by  the  latest  type  of  indirect  lighting  fixtures.  On  the  main 
floor  an  experimental  installation  of  Sperti  ultraviolet  lamps 
has  been  made  in  combination  with  indirect  lighting. 

Wherever  possible  a  standard  laboratory  space  20  by  30 
feet  has  been  used.  This  plan  has  worked  out  well.  Changes 
have  all  been  in  the  direction  of  conformity  to  the  standard 
rather  than  away  from  it. 

The  decision  to  use  steel  and  Alberene  stone  laboratory 
fixtures  has  not  been  regretted.  Use  was  made  of  all  fixtures 
available  in  the  laboratories  which  were  affected  by  the  con¬ 
solidation.  The  old  equipment  included  both  steel  and  wood 
fixtures. 

Because  of  the  waterfront  location  and  the  comparatively 
few  days  in  which  summer  work  is  uncomfortable,  it  was  de¬ 
cided  not  to  air-condition  the  building  as  a  whole.  The  animal 
colony  room  in  the  Biochemical  Laboratory  is  air-conditioned, 
and  in  several  special  rooms  air-conditioning  units  have  been 
installed  where  needed. 

The  Pilot  Plant  Laboratory  of  the  Chemical  Engineering 
Division  has  one  feature  which  is  worthy  of  comment.  It 
was  desirable  to  put  this  division  in  the  basement  because  of 
the  need  of  installing  comparatively  heavy  machinery  for  use 
in  testing.  For  reasons  of  economy,  the  building  was.  con¬ 
structed  for  a  live  load  of  60  pounds  per  square  foot,  which  is 
ample  for  ordinary  laboratory  purposes.  The  pilot  plant 
requirements  were  250  pounds  per  square  foot.  To  provide 
head  room,  a  pit  20  by  40  feet  and  8  feet  deep  was  sunk  in  one 
corner  of  the  laboratory.  This  arrangement  provided  a  head 
room  of  18  feet,  together  with  the  advantages  of  a  contiguous 
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Left.  Food  Technology  Labora¬ 
tory,  Providing  Semiworks  Equip¬ 
ment  for  Entire  Organization. 
Wooden  Benches  Permit  Special 
Setups  to  Be  Made  and  Taken 
Down  Readily 

Left  Center.  Library  and  Reading 
Room 

Right  Center.  Manufacturers’ 
Service  Laboratory 

Lower  Left.  Animal  Colony,  with 
Specially  Designed  Suspended 
Cages  for  Easy  Daily  Cleaning 

Lower  Right.  Corner  op  Pilot 
Plant  Laboratory.  The  30  X  40 
Foot  Pit  Provides  Space  with  18- 
Foot  Head  Room 
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Right.  Southwest  Corner  of 
Central  Research  Labora¬ 
tories  Building 

Center.  Typical  Chemical 
Laboratory 

Bottom.  Machine  Shop 
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mezzanine  floor  level.  This  type  of  construction  has  already 
proved  itself  under  actual  working  conditions. 

In  organizing  the  laboratory  for  operation,  an  attempt  has 
been  made  to  provide  all  of  the  scientific  and  technical  de¬ 
partments  with  capable,  cheerful,  and  efficient  service.  It  is 
obviously  inefficient  to  have  a  capable  research  chemist  worry 
about  where  his  next  supply  of  reagent  chemicals  is  coming 
from.  A  large  storeroom  is  provided  and  deliveries  of  requisi¬ 
tion  materials  are  made  four  times  daily.  An  attendant  is 
constantly  on  duty  in  the  storeroom  and  emergency  supplies 
are  delivered  through  a  wicket  on  presentation  of  a  requisi¬ 
tion. 

Stenographic  service  is  made  available  to  all  laboratories  on 
request.  The  technical  personnel  may  submit  reports  in  long- 
hand  to  be  typed  or  may  dictate  to  a  stenographer.  The 
service  department  is  headed  by  an  engineer  with  purchasing 
and  factory  production  experience.  The  service  manager  com¬ 
bines  the  functions  of  office  manager  and  purchasing  agent 
with  that  of  supervision  of  the  cost-accounting  department. 

The  Central  Laboratories,  as  well  as  the  other  plant  labora¬ 
tories  of  the  corporation,  operate  under  an  annual  budget 
system  and  the  cost  of  all  major  projects  is  estimated  against 
the  budget.  Approval  of  such  major  projects  rests  with  the 
top  management  of  General  Foods.  The  cost-accounting 
system  is  designed  with  the  idea  of  making  it  as  time-saving 
as  possible  to  the  working  technical  personnel.  The  labora¬ 


tory  management  is  supplied  each  month  with  a  list  showing 
the  current  monthly  expense  of  each  project,  the  accumulated 
expense  total,  and  the  amount  of  the  unexpended  appropria¬ 
tion.  Each  division  head  is  supplied  with  a  similar  record 
covering  the  projects  upon  which  he  is  working.  It  is  believed 
that  this  cost-accounting  system  will  also  help  further  to  tie 
research  into  the  thinking  of  the  management  of  the  corpora¬ 
tion,  for  the  reason  that  it  translates  cost  into  dollars  and 
cents  and  gives  a  basis  for  comparison  with  dollar-and-cents 
results. 

In  planning  the  centralization  of  the  corporation’s  labora¬ 
tories,  it  was  soon  realized  that  certain  types  of  engineering 
research  could  be  done  best  in  the  plant.  Wherever  it  was 
felt  that  the  work  could  be  carried  on  better  in  the  isolated 
plant,  facilities  and  personnel  were  provided  to  continue. 
The  research  men  with  the  plants  are  considered,  for  organi¬ 
zation  purposes,  to  be  members  of  the  Research  and  Develop¬ 
ment  Department  on  loan  to  the  Production  Department. 
The  Central  Laboratories  and  the  headquarters  staff  at  the 
New  York  office  are  considered  to  act  only  in  a  consulting  re¬ 
lationship  to  these  laboratories. 

The  plant  laboratories  are  visited  systematically  by  mem¬ 
bers  of  the  headquarters  staff  and  plant  chemists,  and  engi¬ 
neers  are  encouraged  to  visit  the  Central  Laboratories  for 
the  sake  of  broadening  their  familiarity  with  company  re¬ 
search  in  general. 
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Determination  of  Methylpropene 

By  Means  of  a  Modified  Deniges  Reagent 

A.  NEWTON  AND  E.  J.  BUCKLER,  Trinidad  Leaseholds,  Ltd.,  Pointe-a-Pierre,  Trinidad,  B.  W.  I. 


The  determination  of  methylpropene  by 
means  of  Deniges  reagent  is  complicated 
by  the  solubility  of  the  precipitate  in  nitric 
acid  and  the  change  in  weight  and  compo¬ 
sition  of  the  precipitate  on  washing  with 
water.  The  first  source  of  error  is  elimi¬ 
nated  by  using  a  neutralized  Deniges  re¬ 
agent.  The  second  is  avoided  by  using  as 
the  measure  of  methylpropene  absorbed 
not  the  weight  of  the  precipitate  but  the 
weight  of  mercury  in  the  precipitate, 
which  is  constant  under  the  conditions  of 
the  determination  and  amounts  to  seven 
atoms  for  each  molecule  of  methylpropene 
used.  Under  these  conditions  the  method 
is  accurate  and  reasonably  rapid. 

TWO  methods  are  at  present  available  for  the  determina¬ 
tion  of  methylpropene,  using  sulfuric  acid  (4)  and  hy¬ 
drogen  chloride  (3),  respectively. 

Little  attention  appears  to  have  been  paid  to  the  ability 
of  methylpropene  to  form  a  precipitate  with  solutions  of 
mercuric  nitrate  as  originally  reported  by  Deniges  (1), 
possibly  because  the  scanty  information  in  the  literature  im¬ 
plies  that  the  precipitate  is  of  variable  composition. 

Deniges  used  a  solution  prepared  by  adding  20  grams  of  mer¬ 
curic  oxide  to  100  ml.  of  water  and  40  ml.  of  75  per  cent  nitric 
acid,  heating  to  dissolve  the  mercuric  oxide,  and  then  diluting 
with  400  ml.  of  water.  After  methylpropene  was  absorbed  in  this 
solution  the  product  was  boiled  and  an  orange  precipitate  ob¬ 
tained  which  was  stated  to  have  the  composition  HgNOa.CJls.- 
Hg2NOs,  corresponding  to  a  content  of  76.96  per  cent  of  mercury 
and  7.18  per  cent  of  CdD.  Hurd  and  Goldsby  (2),  using  the  same 
solution,  obtained  2.90  and  2.52  grams  of  precipitate  from  0.13 
and  0.115  gram  of  methylpropene,  corresponding  to  a  content 
of  4.48  ana  4.56  per  cent  of  methylpropene,  respectively. 

Experimental 

In  preliminary  tests  to  examine  the  possibility  of  using 
the  reaction  with  mercuric  nitrate  for  the  estimation  of 
methylpropene,  samples  of  the  addition  compound  were  pre¬ 
pared  from  the  pure  gas  by  the  procedure  specified  by  Deniges. 
In  four  determinations  the  results  corresponded  to  4.62,  3.65, 


4.02,  and  3.47  per  cent  by  weight  of  methylpropene  in  the 
precipitate.  It  was  observed,  however,  that  the  filtrates  often 
deposited  additional  solid  on  standing  or  on  dilution  with 
water,  and  it  was  suspected  that  the  variation  in  results  was 
due  to  incomplete  precipitation  in  the  presence  of  nitric  acid. 
When  the  precipitate  was  stirred  with  dilute  nitric  acid,  no 
apparent  decomposition  occurred  at  room  temperatures  but 
opalescent  solutions  were  formed  from  which  solid  could  be 
reprecipitated  by  dilution  or  neutralization.  The  solubility 
of  the  addition  compound  in  different  strengths  of  nitric  acid 
was  determined  by  preparing  suitable  mixtures,  filtering,  and 
titrating  mercury  in  the  filtrates  with  standard  potassium 
thiocyanate.  The  results  are  recorded  in  Figure  1 . 

Denig&s  reagent  contains  about  80  grams  of  nitric  acid  per 
liter  and,  as  will  be  shown  later,  this  concentration  increases 
during  reaction  with  methylpropene.  Thus  the  reagent  will 
retain  in  solution  at  least  0.11  gram  of  the  precipitate  per  liter 
and,  taking  into  consideration  the  nitric  acid  formed  in  the 
reaction,  the  amount  retained  will  be  dependent  on  the  ratio 
of  the  volume  of  methylpropene  to  the  volume  of  reagent  used. 


CONCENTRATION  OF  NITRIC  ACID  TcRAUS  PER  LITER)  • 


Figure  1.  Solubility  of  Precipitate  in  Nitric  Acid 
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Figure  2. 


Apparatus  for  Determination 
Ratio 


of  Mercury-Methtlpropene 


The  authors  believe  that  this  circumstance  accounts  in  part 
for  the  apparent  differences  in  the  composition  of  the  pre¬ 
cipitate  as  calculated  from  the  results  of  previous  workers. 

In  view  of  the  above  results  the  possibility  of  using  a 
neutralized  Deniges  reagent,  prepared  by  adding  caustic  soda 
solution  to  the  acid  reagent  until  basic  mercuric  nitrate  began 
to  precipitate,  was  investigated.  This  solution  was  found  to 
absorb  methylpropene  rapidly  but  in  contrast  to  the  acid 
reagent  no  precipitate  was  formed  in  the  cold.  Precipitation 
took  place  on  warming  to  temperatures  above  70°  C.  or  could 
be  induced  by  adding  a  few  drops  of  75  per  cent  nitric  acid  to 
the  cold  solution  and  was  accompanied  by  an  appreciable  fall 
in  pH.  No  precipitation  took  place,  even  on  boiling  in  a  solu¬ 
tion  buffered  to  pH  5.4  with  sodium  acetate-acetic  acid. 

It  appears  that  the  reaction  between  methylpropene  and 
mercuric  nitrate  solutions  takes  place  in  two  stages.  In  the 
first  stage  methylpropene  is  absorbed  with  formation  of  a  solu¬ 
ble  complex  and  liberation  of  hydrogen  ions.  In  the  second 
stage,  which  does  not  take  place  above  a  critical  pH  value, 
the  insoluble  complex  is  formed. 


weight  of  the  precipitate  but  did  not  affect  the 
weight  of  mercury  in  it.  Nitrate  could  be  de¬ 
tected  in  the  wash  water  after  all  soluble  mer¬ 
cury  had  been  removed. 

The  change  in  weight  appears  to  be  due  to  a 
replacement  of  nitrate  groups  in  the  precipitate 
by  hydroxyl  or  possibly  water.  It  also  appears 
that  this  replacement  is  reversible. 

Combustion  and  gravimetric  analysis  showed 
that  a  product  prepared,  using  the  neutralized 
reagent  with  the  minimum  of  water-washing 
and  containing  78.3  per  cent  of  mercury,  had  a 
composition  corresponding  closely  to  1  CjHa 
(3.13  per  cent  by  weight),  7  Hg,  3  N03,  2  H,  and 
by  difference  9  0,  the  apparent  molecular  weight 
being  1793. 

When  a  sample  of  the  precipitate  was  boiled 
for  30  minutes  with  a  large  quantity  of  distilled 
water,  a  loss  in  weight  of  7.8  per  cent  resulted 
and  the  recovered  precipitate  contained  80.8 
per  cent  of  mercury  corresponding  to  74.4 
grams  of  mercury  per  100  grams  of  original 
precipitate.  This  appreciable  loss  of  mercury  was  accom¬ 
panied  by  a  change  in  color  of  the  precipitate  from  orange  to 
deep  red,  and  unlike  the  products  obtained  by  water-washing 
at  room  temperature,  the  color  did  not  revert  to  fight  orange 
in  contact  with  nitric  acid. 

It  is  concluded  from  these  results  that  the  total  weight  of 
precipitate  obtained  is  not  a  satisfactory  measure  of  the 
amount  of  methylpropene  used.  It  appears,  however,  that 
the  ratio  of  methylpropene  used  to  mercury  in  the  precipitate 
is  constant. 

Table  II.  Ratio  of  Mercury  in  Precipitate  to 
Methylpropene  Used 


Volume  of 
Methyl¬ 
propene 

Ml. 

Temp. 

0  C. 

Pressure 
Mm.  Hg 

Weight  of 
Methyl¬ 
propene 

Gram 

Weight  of 
Mercury 
Gram 

Atoms  of 
Hg  per 
Mole  of 
Methyl¬ 
propene 

12.52 

12.52 

12.52 

29.5 

31.0 

30.0 

758.3 

758.5 

758.0 

0.02823 

0.02811 

0.02818 

0.7004 

0.6952 

0.7011 

6.94 

6.92 

6.96 

Composition  of  Precipitate 

Methylpropene,  prepared  by  the  dehydration  of  pine  trimethyl 
carbinol  and  fractionation  of  the  product,  was  absorbed  in  the 
neutralized  mercuric  nitrate  reagent.  The  precipitate  was 
filtered,  washed  with  distilled  water,  and  dried  in  vacuo  over  cal¬ 
cium  cldoride.  Mercury  was  determined  in  this  precipitate  by 
dissolving  in  hot  70  per  cent  nitric  acid,  titrating  with  thiocya¬ 
nate  solution  ( 6 ),  and  precipitating  as  mercuric  sulfide  (7)  or 
by  the  pyridine-dichromate  method  (5). 

Table  I.  Effect  of  Water-Washing  on  Methylpropene- 
Mercuric  Nitrate  Precipitate 


Weight  of 
Mercury  in 


No.  of 

Weight  of 

Hg  Content 

Residue  from 

Ppt.  Taken 

Washes 

Residue 

of  Residue 

100-Gram  Ppt. 

Grams 

Grams 

% 

Grams 

3 

77.6 

77.6 

4.' 8903 

8 

4(8023 

78.9 

77.5 

4.0216 

18 

3.9050 

79.9 

77.6 

3.0837 

28 

2.9789 

80.1 

77.4 

Determinations  of  the  mercury  content  of  the  precipitate 
gave  concordant  results  by  the  three  methods,  but  specimens 
of  the  precipitate  prepared  at  different  times  showed  mercury 
contents  varying  from  about  78  to  82  per  cent.  This  variation 
■was  traced  to  the  water-washing  of  the  precipitate.  As  shown 
in  Table  I,  washing  the  precipitate  with  successive  20-ml. 
portions  of  water  at  room  temperature  (30°  C.)  decreased  the 


Mercury-Methylpropene  Ratio.  The  apparatus  shown 
in  Figure  2  was  used  for  determining  the  ratio  of  mercury  to 
methylpropene  in  the  precipitate. 

A  sample  of  pure  methylpropene  was  passed  from  reservoir  D 
through  stopcock  W  and  drying  tube  C,  containing  calcium  chlo¬ 
ride,  into  bulb  P,  fitted  with  mercury  leveling  bulb  A.  Its  pres¬ 
sure  was  adjusted  to  atmospheric  by  escape  of  excess  gas  through 
W  and  water  seal  B.  After  its  temperature  and  pressure  had 
been  recorded,  the  sample  was  transferred  from  P  to  reaction 
bulb  R,  which  had  previously  been  charged  with  a  suitable  volume 
of  neutralized  reagent  and  evacuated.  R  was  detached  at  F  and 
shaken  vigorously  for  10  minutes,  air  being  admitted  through  F 
to  sweep  methylpropene  from  the  capillary  tubing.  Finally,  R 
was  detached  at  H,  and  the  solution  was  washed  into  a  beaker, 
heated  to  boiling,  cooled  to  room  temperature,  and  filtered 
through  a  sintered-glass  crucible.  After  being  washed  with  cold 
distilled  water  until  the  filtrate  gave  a  negative  test  for  mercury 
with  ammonium  sulfide,  the  precipitate  was  dissolved  in  70  per 
cent  nitric  acid,  and  the  mercury  was  determined  with  thiocya¬ 
nate. 

The  data  for  three  such  determinations  given  in  Table  II 
indicate  that  seven  atoms  of  mercury  are  present  for  each 
molecule  of  methylpropene  in  the  precipitate. 

Reagents 

Mercuric  Nitrate  Reagent.  One  hundred  grams  of  pure 
mercuric  oxide  are  mixed  to  a  paste  with  about  100  ml.  of  distilled 
water  and  then  dissolved  in  the  minimum  quantity  of  70  per  cent 
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Figure  3.  Apparatus  for  Routine 
Determination  of  Methylpropene  in 
Gases 


nitric  acid  (about  90  ml.).  About  10  grams  of  pure  sodium 
hydroxide  are  dissolved  in  15  ml.  of  water  and  the  solution  is 
added  drop  by  drop  to  the  mercuric  nitrate  solution  until  a  faint 
but  permanent  white  cloud  of  basic  mercuric  nitrate  is  produced. 
Great  care  must  be  taken  not  to  add  any  appreciable  excess  of 
sodium  hydroxide.  The  solution  is  diluted  to  2  liters  with  distilled 
water,  filtered,  and  stored  in  a  dark,  glass-stoppered  bottle. 

Potassium  Thiocyanate.  It  is  convenient  to  use  a  solution 
about  0.07  N  in  potassium  thiocyanate,  which  is  prepared  by 
dissolving  15  grams  of  the  pure  salt  in  distilled  water  and  diluting 
to  2  liters.  The  solution  is  standardized  against  0.2  to  0.3  gram 
of  pure  mercury  dissolved  in  5  ml.  of  70  per  cent  nitric  acid. 

Apparatus  and  Procedure 

Apparatus.  A  convenient  form  of  apparatus  for  the  routine 
determination  of  methylpropene  in  refinery  gases  is  shown  in 
Figure  3  and  consists  of  a  water-jacketed  gas  buret,  B,  a  com¬ 
pensator,  L,  and  an  absorption  tube,  5. 

Procedure.  About  1  ml.  of  water  is  drawn  into  the  buret. 
The  gas  sample,  varying  from  35  ml.  for  20  per  cent  methylpro¬ 
pene  to  150  ml.  for  1  per  cent  methylpropene,  is  drawn  into  the 
buret,  and  after  standing  for  about  30  seconds  its  volume  and 
pressure  are  recorded.  Into  the  absorption  tube,  S,  are  drawn 
about  50  ml.  of  neutralized  reagent  and  the  tube  is  then  evacuated 
by  a  good  water  pump,  closed,  and  attached  to  the  apparatus. 
The  gas  sample  is  transferred  to  the  absorption  tube,  using  the 
water  to  drive  the  gas  through  the  connecting  capillary  tube,  and 
taking  care  that  no  mercury  is  allowed  to  pass  into  the  absorp¬ 
tion  tube.  After  closing  the  upper  stopcock,  R,  the  absorption 
tube  is  detached  from  the  apparatus  and  shaken  for  5  minutes 
and  for  a  further  2  minutes  after  admitting  air. 

The  liquid  in  the  absorption  tube  is  allowed  to  run  into  a 
250-ml.  beaker  and  the  tube  is  washed  out  two  or  three  times. 
The  beaker  is  heated  gently  to  100°  C.  (but  not  boiled),  and 


allowed  to  cool  almost  to  room  temperature,  and  the  liquid  is 
filtered  through  a  No.  4  sintered-glass  crucible.  (A  No.  3  crucible 
is  more  rapid  and  usually  satisfactory  but  occasionally  allows 
some  precipitate  to  pass.)  Washing  of  the  beaker  and  the  crucible 
is  carried  out  with  cold  distilled  water  until  the  filtrate  gives 
no  precipitate  with  ammonium  sulfide,  after  which  the  crucible 
is  returned  to  the  beaker  and  the  precipitate  dissolved  by  heating 
gently  with  about  10  ml.  of  70  per  cent  nitric  acid.  When  solu¬ 
tion  is  complete,  the  crucible  is  washed  and  removed. 

The  solution  in  the  beaker  is  oxidized  to  convert  Hg+  to  Hg++ 
by  the  dropwise  addition  of  saturated  permanganate  until  the  pink 
color  persists  and  the  excess  of  permanganate  is  destroyed  by  the 
addition  of  a  very  slight  excess  of  10  per  cent  oxalic  acid  solution. 
After  diluting  to  100  to  150  ml.,  2  ml.  of  saturated  iron  alum  solu¬ 
tion  in  50  per  cent  nitric  acid  are  added  and  the  solution  is  titrated 
with  standard  potassium  thiocyanate  solution.  One  milliliter  of 
0.1  N  potassium  thiocyanate  is  equivalent  to  0.01003  gram  of 
mercury  or  0.1601  ml.  of  methylpropene  at  0°  C.  and  760  mm. 

Time  Required  for  Absorption.  To  determine  the  time 
required  for  the  absorption  of  methylpropene,  a  number  of 
analyses  were  carried  out  on  a  refinery  C4  fraction  containing 
0.67  per  cent  of  methylpropene,  using  approximately  the  same 
volume  of  gas  and  the  same  volume  (50  ml.)  of  reagent  but 
different  times  of  shaking.  The  results  are  given  in  Table  III. 


Table  III.  Effect  of  Time  of  Shaking  on  Absorption  of 
Methylpropene 


Volume  of  Dry 

Gas  (S.  T.  P.) 

Time  of 
Shaking 

Hg  in  Ppt. 

Methylpropene 

Extracted 

Ml. 

Min. 

Gram 

% 

165.1 

7 

0.0696 

100 

146.7 

1 

0 . 0608 

98.2 

161.4 

0.5 

0 . 0642 

94.2 

151.9 

0.5“ 

0.0583 

90.4 

“  Gas  admitted  to  absorption  vessel  and  then  removed. 

No  shaking. 

All  but  the  last  traces  of  methylpropene  are  removed  after 
shaking  for  1  minute  and  5  minutes  are  adequate  for  complete 
extraction. 

Volume  of  Reagent.  A  refinery  C4  fraction  containing 
19.73  per  cent  of  methylpropene  was  used  in  each  of  a  number 
of  determinations  with  different  volumes  of  reagent  and  a 
constant  shaking  time  of  5  minutes.  The  results  are  recorded 
in  Table  IV. 


Table  IV.  Effect  of  Volume  of  Reagent  on  Absorption  of 
Methylpropene 


Volume  of  Dry 
Gas  (S.  T.  P.) 

Volume  of 
Reagent 

Hg  in  Ppt. 

Methylpropene 

Extracted 

Ml. 

Ml. 

Gram 

% 

41.9 

10 

0.2070 

40.0 

39.6 

25 

0.4483 

91.5 

41.9 

50 

0.4981 

96.4 

40.4 

100 

0.4992 

99.9 

39.8 

200 

0  4927 

100.0 

The  methylpropene  present  in  the  volume  of  gas  taken  was 
sufficient  to  combine  with  all  the  mercury  in  10  ml.  of  reagent. 
Good  results  are  obtained  by  using  a  volume  of  reagent  equal 
to  about  ten  times  the  volume  of  methylpropene  to  be  ab¬ 
sorbed. 

Other  Gases.  Ethene,  propene,  and  1,3-butadiene  were 
slowly  absorbed  by  the  reagent  but  gave  no  precipitate  when 
the  solution  was  boiled. 

A  mixture  of  1-  and  2-butenes  prepared  by  the  dehydration 
of  sec-butanol  was  slowly  absorbed  by  the  reagent  and  on 
warming  a  faint  yellow  turbidity  was  produced,  the  mercury 
content  of  the  precipitate  corresponding  to  0.37  per  cent  of 
methylpropene  in  the  gas.  The  gas  was  shaken  with  67  per 
cent  sulfuric  acid  until  one  third  of  its  volume  had  been 
absorbed,  when  the  residue  gave  a  barely  detectable  opales¬ 
cence  with  mercuric  nitrate  reagent,  corresponding  to  less 
than  0.006  per  cent  of  methylpropene.  After  a  second  treat¬ 
ment  with  sulfuric  acid  the  gas  was  slowly  absorbed  by  the 
reagent  but  gave  no  precipitate. 

Hurd  and  Goldsby  (2)  report  that  2-methyl-2-butene  gives 
no  precipitate  with  the  acid  Deniges  reagent.  With  the 
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neutralized  reagent,  the  mixture  of  pentenes  obtained  by  de¬ 
hydrating  2-methyl-2-butanol  gives  a  heavy  precipitate  under 
the  conditions  for  methylpropene  determination,  as  also  does 
a  C5  cut  fractionated  from  debutanized  cracked  gasoline. 
This  is  probably  due  to  the  presence  of  2-methyl-l-butene 
in  these  two  samples.  The  possibility  of  applying  this  method 
to  the  pentenes  is  being  studied. 

Quantitative  tests  of  the  effect  of  1-  and  2-butenes  on  the 
estimation  of  methylpropene  were  carried  out  by  preparing 
synthetic  mixtures  and  submitting  them  to  the  determination. 
The  results  are  given  in  Table  V. 

Thus  1-  and  2-butenes  neither  give  a  precipitate  with  the 
reagent  nor  interfere  with  the  determination  of  methylpro¬ 
pene.  The  method  is  entirely  satisfactory  in  presence  of  C2, 
C3,  and  C4  olefins,  but  pentenes  must  be  absent.  To  test  the 
effect  of  air  which  is  normally  present  during  a  determina¬ 
tion,  a  mixture  of  methylpropene  and  air  containing  5.90  per 
cent  of  the  former  constituent  was  analyzed  and  gave  results 
of  5.96  and  5.93  per  cent  of  methylpropene. 

Table  V.  Analysis  of  Synthetic  Mixtures  of  Methyl- 
PBOPENE  WITH  1-  AND  2-BlJTENES 


Sample 

Volume  of  Dry 

Methylpropene  Content 

No. 

Gas  (S.  T.  P.) 

Hg  in  Ppt. 

Calcd. 

Found 

Ml. 

Gram 

% 

% 

1 

9.3 

0.5815 

100.0 

100.1 

2 

16.9 

0.2257 

21.3 

21.3 

17.4 

0.2345 

21.3 

21.4 

3 

27.0 

0.0715 

4. 14 

4.23 

33.3 

0.0847 

4.14 

4.07 

Table  VT  compares  a  number  of  determinations  of  methyl¬ 
propene  in  refinery  C4  fractions  by  the  present  method  and  by 
a  standardized  form  of  the  sulfuric  absorption  method.  In 
the  latter  method  the  gas  sample  (100  ml.)  is  given  two  passes 
into  a  special  bead-packed  absorption  pipet  containing  64 
per  cent  sulfuric  acid  and  on  each  pass  is  left  in  contact  with 
the  acid  for  exactly  3  minutes. 

The  amount  of  1-  and  2-butenes  present  in  the  samples  of 
Table  VI  ranges  from  about  28  per  cent  for  the  samples  with 
20  per  cent  of  methylpropene  to  about  12  per  cent  for  the 
samples  with  1  per  cent  or  less  of  methylpropene.  The  sul¬ 
furic  acid  method  gives  high  results,  the  percentage  error  in¬ 
creasing  with  increase  in  the  ratio  of  1-  and  2-butenes  to 


methylpropene  and,  even  in  the  hands  of  a  well-trained 
operator,  is  far  less  precise  than  the  present  method. 

A  single  determination  requires  about  2  hours,  of  which  40 
to  45  minutes  are  actual  working  time.  In  carrying  out  a 
number  of  determinations  the  time  required  averages  40 
minutes  for  each  analysis. 

Table  VI.  Methylpropene  Determination  by  Mercuric 
Nitrate  Reagent  and  by  64  Per  Cent  Sulfuric 
Acid 

- - -Methylpropene  Content - . 


Sample 

Sulfuric  acid 

Mercuric  nitrate 

No. 

method 

method 

% 

% 

1 

1.9 

0.67 

1.6 

0.67 

2 

3.1 

2.72 

2.8 

2.73 

4.4 

3.3 

3 

8.8 

7.08 

7.2 

8.7 

7.4 

4 

12.5 

12.8 

12.5 

5 

21.1 

21.2 

21.2 

21.2 

If  desired,  mercury  can  be  very  easily  recovered  from  the 
filtrates  from  the  determinations  by  adding  an  excess  of  caustic 
soda  solution,  washing  the  yellow  precipitate  by  decantation, 
filtering,  drying,  and  redissolving  the  necessary  quantity  of 
the  dry  mercuric  oxide  in  nitric  acid. 
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Filter  Aids 

ALLEN  L.  OLSEN 

Kansas  State  College,  Manhattan,  Kans. 


KAFIR  fat  at  room  temperatures  is  a  pasty  solid,  and  in 
recent  investigations  considerable  difficulty  was  en¬ 
countered  in  the  usual  procedure  of  purification.  Even  ex¬ 
cessive  amounts  of  hot  solvents  did  little  to  relieve  the  diffi¬ 
culty  because  the  mat  of  adsorbent,  the  small  pores  of  the 
filter  paper,  and  the  small  holes  of  the  Buchner  funnel  pro¬ 
longed  the  filtration  time.  Moreover,  oily  constituents  sepa¬ 
rated  from  the  fatty  solids  of  higher  melting  point,  so  that  the 
product  of  extraction  was  no  longer  representative. 

Several  different  designs  were  tried  before  the  following  was 
chosen  as  most  inexpensive  and  efficient.  For  a  Buchner 
funnel  127  mm.  in  outside  diameter,  an  ordinary  3.785-liter 
(1-gallon)  bucket  was  cut  to  a  10-cm.  (4-inch)  wall  and  an  air 
inlet  and  a  dispensing  outlet  were  soldered  to  the  bottom. 
The  former  served  to  introduce  air  from  the  pressure  fine  and 
bring  about  a  more  uniform  temperature.  The  remaining 


parts  of  the  device  are  self-explanatory.  The  weight  of  the 
unit  rests  securely  on  the  suction  flask  and  an  attached  buret 


clamp  serves  to  stabilize  the 
apparatus. 

In  actual  operation,  hot 
water  is  poured  into  the  can, 
air  is  admitted,  and  a  small 
flame  is  directed  toward  the 
side  of  the  can.  After  20  or 
30  minutes  the  temperature 
of  the  Buchner  funnel  has 
reached  working  conditions 
and  the  treated  fat-solvent 
mixture  is  poured  through. 
Great  quantities  of  the  mix¬ 
ture  may  be  filtered  without 
difficulty. 
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Determination  of  Cellulose  in  Fibrous 
Agricultural  Wastes 

A  Rapid  Method  Using  Monoethanolamine 

J.  DAVID  REID,  G.  H.  NELSON,  and  S.  I.  ARONOVSKY 
Agricultural  By-Products  Laboratory,  Ames,  Iowa 
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N  A  RECENT  article  (19)  Wise,  Peterson,  and  Harlow  de¬ 
scribed  a  preliminary  experiment  in  which  they  obtained 
from  beechwood  a  cellulose  fraction  very  similar  to  Cross  and 
Bevan  cellulose.  They  extracted  the  sawdust  for  5.25  hours 
with  hot  (170°  C.)  monoethanolamine,  bleached  the  residue 
for  20  minutes  with  saturated  chlorine  water,  and  then  treated 
it  with  hot  3  per  cent  sodium  sulfite  solution  for  0.5  hour. 
Other  investigators  have  used  dilute  alcoholic  solutions  of 
monoethanolamine  in  the  isolation  of  holocellulose  from 
woods,  following  chlorination  ( 5 ,  17,  18).  This  laboratory  is 
interested  in  a  rapid  method  for  the  determination  of  cellu¬ 
lose.  The  procedure  should  cause  but  little  degradation  of 
the  cellulose  and  should  be  suitable  for  use  on  fibrous  agri¬ 
cultural  wastes  such  as  straws,  stalks,  etc.,  or  the  residue  left 
after  the  bacterial  fermentation  of  such  wastes.  Previously 
a  critical  investigation  has  been  reported  by  this  laboratory 
(16)  on  a  number  of  such  materials  (and  sprucewood),  in 
which  the  results  obtained  by  the  Cross  and  Bevan  (3), 
Norman-Jenkins  (14),  and  Kurschner-Hoffer  (8)  methods  of 
cellulose  analysis  are  compared.  Sufficient  quantities  of  the 
original  samples  (with  the  exception  of  wheat  straw)  were  still 
available  for  comparative  analysis. 

The  present  paper  is,  therefore, 
concerned  with  the  development  of 
a  method  using  monoethanolamine 
as  a  reagent  for  cellulose  analysis  and 
comparison  of  the  results  with  those 
obtained  by  the  methods  of  analysis 
mentioned  above  (16). 

Approximately  300  cellulose  de¬ 
terminations  were  made  using 
monoethanolamine  on  the  various 
materials,  after  which  the  result¬ 
ing  “crude  celluloses”  were  analyzed 
for  alpha-cellulose,  pentosans,  lignin, 
and  ash.  It  was  found  from  pre¬ 
liminary  results  that  monoethanol¬ 
amine  is  particularly  suitable  for 
the  analysis  of  fibrous  agricultural 
wastes.  The  cellulose  fraction  ob¬ 
tained  is  very  similar  to  Cross  and 
Bevan  cellulose,  except  that  the 
pentosan  content  is  usually  a  little 
higher.  The  manipulation  time  is 
from  45  to  60  minutes  per  deter¬ 
mination,  or  less  than  half  of  that 
required  for  the  usual  Cross  and 
Bevan  method.  The  cellulose  analy¬ 
sis  of  8  to  10  samples  of  straws  or 
stalks  may  be  completed  (except  for 
drying  and  weighing)  in  an  8-hour 
day. 

Reagent 

While  technical  monoethanol¬ 
amine  may  be  used  for  the  de¬ 
termination  of  cellulose,  the 


redistilled  reagent  was  found  to  be  more  satisfactory  for  this 
purpose.  One  sample  of  the  technical  grade,  which  gave 
erratic  results,  was  found  to  have  corroded  its  metal  con¬ 
tainer.  The  monoethanolamine  was  distilled,  using  a  frac¬ 
tionating  column,  and  that  portion  distilling  between  167° 
and  172°  C.  was  retained  for  use.  The  technical  mono¬ 
ethanolamine  costs  about  30  cents  per  pound,  amounting  to 
about  5  cents  for  each  cellulose  determination.  About  two 
thirds  of  the  used  reagent  may  be  recovered  by  distillation, 
thus  reducing  this  cost  materially. 

Samples 

The  samples,  with  the  exception  of  wheat  straw,  were  those 
previously  described  (16)  consisting  of  ground  bagasse,  rye 
straw,  cornstalks  of  40-  to  60-mesh,  and  sprucewood  of  40- 
to  60-  and  60-  to  80-mesh.  These  samples  were  homogeneous 
but  not  necessarily  representative  of  the  whole  plant  material 
from  which  they  were  prepared  (16).  Washed  wheat  straw 
was  ground  in  a  chopping  mill  and  the  portion  passing  a  40- 
mesh  sieve  but  retained  on  60-mesh  was  used  for  analysis. 
A  sample  of  the  same  washed  wheat  straw  was  fermented  and 


Figure  1.  Apparatus  for  Monoethanolamine  Cellulose  Determination 
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the  residue,  after  washing  and  grinding,  was  also  analyzed,  as 
indicated  in  Table  II. 

Apparatus 

The  apparatus  used  in  the  determination  is  shown  in  Figure  1. 

The  refluxing  flask,  A,  of  about  200-cc.  capacity,  was  similar 
to  that  used  for  Kiirschner-Hoffer  cellulose  determinations  (16), 
and  was  made  by  sealing  off  the  lower  part  of  a  50/50  interchange¬ 
able  ground-glass  joint.  The  upper  portion  of  the  joint,  about 
12  cm.  above  the  ground-glass  portion,  was  sealed  to  a  Pyrex 
tube  (40  cm.  long,  1  cm.  in  inside  diameter).  This  large  part  in 
the  upper  portion  served  to  condense  most  of  the  monoethanol- 
amine  and  thus  continuously  to  wash  down  the  sides  of  the  lower 
portion. 

A  paraffin  oil  bath  was  used  to  heat  the  samples.  The  bath, 
as  shown  in  Figure  1  (40  cm.  long,  9  cm.  wide,  and  11  cm.  deep), 
was  made  from  a  single  piece  of  thin  sheet  iron  with  welded 
corners  (soldering  was  considered  unsatisfactory),  and  was  large 
enough  for  four  to  five  simultaneous  determinations.  A  small 
air-driven  stirrer,  B,  at  one  end  circulated  the  bath  liquid  through 
a  pipe,  C,  which  directed  its  flow  over  the  heating  coils.  The 
bath  was  heated  by  a  600-watt  Nichrome  coil,  D,  mounted  on 
and  insulated  by  an  asbestos  board,  E.  Copper  leads  were 
brought  to  the  surface  through  bent  glass  tubes,  F.  The  coil 
must  always  be  completely  submerged  in  the  oil  to  eliminate 
fire  hazard. 

The  temperature  was  controlled  thermostatically  as  follows: 
The  leads  to  the  heating  element  of  a  thermostatic  hot  plate,  G, 
were  removed  and  replaced  by  the  leads  of  the  Nichrome  coil, 
D.  When  the  surface  of  the  hot  plate  was  held  against  the  bot¬ 
tom  of  the  bath  at  a  point  directly  below  the  stirrer,  the  thermo¬ 
stat,  controlled  by  the  plate  surface  temperature,  served  to  keep 
the  bath  temperature  within  ±10°  of  the  190°  C.  desired,  al¬ 
though  there  was  some  lag  during  the  first  half  hour  of  operation. 

A  second  600- watt  Nichrome  coil  (not  shown  in  the  drawing) 
was  mounted  independently  on  the  asbestos  board,  E.  This  was 
connected  directly  to  the  power  line  and  used  only  for  auxiliary 
heating  to  bring  the  bath  up  to  the  desired  temperature.  Gas 
burners  should  not  be  used  on  account  of  fire  hazard  and  the 
tendency  of  the  concentrated  heat  to  carbonize  the  paraffin. 
Several  glass  rods  were  placed  vertically  in  the  bath  before  the 
paraffin  solidified.  Removal  of  these  rods  from  the  solid  mass 
provided  vents  for  expansion  of  the  melted  paraffin  around  the 
wires  when  the  bath  was  used  again. 

The  flasks  were  held  in  the  bath  by  three-pronged  clamps,  on 
ring  stands,  so  arranged  that  the  depth  of  immersion  of  the 
flask  could  be  varied  to  maintain  the  heating  at  the  point  of 
gentle  refluxing. 

Pyrex  fiber-glass  filtering  crucibles  (210-2-C)  were  used  in 
filtering  some  of  the  samples,  and  Jena  fritted-glass  filtering 
crucibles  (l-G-2)  were  used  in  filtering  other  samples.  They 
proved  equally  satisfactory.  After  formation  of  a  mat  the  first 
portion  of  the  filtrate  was  refiltered.  The  recommended  crucibles 
are  of  such  porosity  as  to  permit  rapid  filtration.  The  coarse 
size  (210-1-B  or  1-G-l)  may  be  used  but  is  not  recommended, 
while  the  finer  filter  (210-3-D  or  l-G-3)  is  almost  certain  to  be¬ 
come  clogged. 

Methods  of  Analysis  of  Crude  Cellulose  Samples 

The  pentosan  content  was  determined  by  the  official  A.  O. 
A.  C.  12  per  cent  hydrochloric  acid  method  (1).  A  recheck  of 
the  pentosan  contents  first  reported  on  the  original  materials 
(16)  showed  that  some  of  these  were  low,  probably  because 
an  insufficient  amount  of  phloroglucinol  was  used;  these  have 
been  corrected.  Ash  was  determined  at  low  red  heat.  Lignin 
determinations  were  made  by  the  72  per  cent  sulfuric  acid 
method  (16).  Alpha-cellulose  determinations  were  made 
using  17.5  per  cent  sodium  hydroxide  solutions  at  20°  C.  (2). 
The  results  reported  are,  with  the  exception  of  the  data  in 
Table  I,  the  mean  of  two  or  more  check  determinations. 
(The  terms  used  in  this  paper  are  defined  as  follows:  “Crude 
cellulose”  is  the  residue  remaining  after  treatment  by  the 
given  method  for  the  isolation  of  cellulose.  “Pure  cellulose” 
is  the  crude  cellulose  after  correction  for  its  ash,  pentosan, 
and  lignin  content.  “Alpha-cellulose”  is  that  portion  of  the 
“crude  cellulose”  remaining  after  treatment  in  the  prescribed 
manner  with  17.5  per  cent  sodium  hydroxide  solution  and  cor¬ 
recting  for  ash  content.) 


Preliminary  Procedure.  Preliminary  runs  were  made 
for  the  purpose  of  determining  approximately  the  optimum 
conditions.  (These  data  are  not  included  in  this  paper.) 
Samples  were  refluxed  for  different  lengths  of  time  in  the  ap¬ 
paratus  described  above.  They  were  then  allowed  to  cool  for 
30  minutes,  filtered,  washed,  dried,  and  weighed,  and  the 
residues  were  analyzed  for  lignin.  Some  samples  were 
bleached  and  the  bleached  residues  analyzed  for  alpha-cellulose 
and  pentosan  contents. 

Results  with  sprucewood  were  disappointing.  The  un¬ 
bleached  spruce  sample  retained  7.5  per  cent  of  lignin  even 
after  6.5  hours  of  refluxing  with  monoethanolamine.  (Wise 
et  al.,  19,  succeeded  in  reducing  the  lignin  content  of  aspen- 
wood  to  2.62  per  cent  with  5.25  hours’  refluxing.)  On  the 
other  hand,  monoethanolamine  reduced  the  lignin  content  of 
bagasse  to  approximately  1  per  cent  in  2  hours.  Furthermore, 
the  sample  was  very  light  in  color  and  required  only  a  mild 
afterbleach  to  give  a  cellulose  which  compared  favorably  in 
yield  and  alpha-cellulose  content  with  that  obtained  by  the 
Cross  and  Bevan  method.  A  careful  examination  was  then 
made  of  the  factors  influencing  the  method,  as  well  as  of  the 
effect  of  monoethanolamine  on  the  plant  constituents  as  de¬ 
tailed  below. 

Factors  Influencing  Method 

Liquor-Solid  Ratio.  Identical  yields  of  crude  cellulose 
were  obtained  when  2-gram  samples  of  bagasse  were  refluxed 
for  2  hours  with  50-,  75-,  and  100-cc.  portions  of  monoethanol¬ 
amine.  Dilution  with  50,  75,  and  100  cc.  of  water,  respec¬ 
tively,  before  filtration  had  no  effect  upon  the  yields  but 
facilitated  the  filtration.  As  a  compromise  between  ease  of 
handling  and  economy  of  reagent,  75  cc.  of  reagent  were  used 
on  approximately  2  grams  of  sample  and,  after  a  30-minute 
cooling  period  (to  avoid  sudden  effervescence),  the  mixture 
was  diluted  with  an  equal  quantity  of  water  before  filtration. 

Table  I.  Effect  of  Time  of  Refluxing  with  Monoethanol¬ 
amine  on  Yield  and  Composition  of  Unbleached  Pulps 
from  Bagasse  and  Sprucewood0 
Bagasse  40-  to  60-Mesh&  Spruce  40-  to  60-Mesh<* 


Yield 

Lignin 

Lignin 

Pento¬ 

Yield 

Lignin 

Lignin 

of 

in 

re¬ 

sans  in 

of 

in 

re¬ 

Time 

pulp 

pulp 

moved0 

pulp 

pulp 

pulp 

moved0 

Hours 

% 

% 

% 

% 

% 

% 

% 

0.5 

70.7 

2.03 

94.2 

28.9 

70.5 

25.9 

36.5 

1 

69.4 

1.49 

95.8 

28.2 

66.6 

23.0 

46.9 

2 

67.3 

0.83 

97.5 

30.0 

61.2 

17.3 

63.5 

3 

66.7 

0.57 

98.3 

29.2 

56.0 

12.1 

76.4 

4.5 

66.1 

0.30 

99.2 

29.5 

55.8 

8.4 

83.7 

6.5 

.  . 

55.6 

7.5 

85.4 

°  All  results  given  on  moisture-free  basis. 

b  Original  material  contained  24.0  per  cent  lignin  and  31.3  per  cent  pento¬ 
sans. 

c  Basis  original  lignin. 

d  Original  material  contained  28.8  per  cent  lignin. 

Effect  of  Time  of  Refluxing.  Samples  of  40-  to  60- 
mesh  bagasse  and  sprucewood  were  refluxed  vigorously  for 
varying  periods  and  the  lignin  content  was  determined.  The 
results  are  shown  in  Figure  2  and  Table  I.  Lignin  is  extracted 
very  rapidly  from  bagasse  but  rather  slowly  from  sprucewood. 
In  the  series  of  runs  on  bagasse  it  was  found  that,  after  the 
first  sharp  drop,  the  yields  of  residue  decreased  slowly  and  this 
decrease  could  not  be  ascribed  entirely  to  the  reduction  in 
lignin  nor  to  loss  of  pentosan  (Table  I).  The  latter  remained 
nearly  constant  and  rather  high  (compared  to  Cross  and 
Bevan  pulps)  after  the  first  hour.  The  slight  loss  may  be 
due  to  the  effect  of  long-continued  heating  on  the  carbohy¬ 
drates.  In  the  interests  of  precision,  a  2-hour  reflux  period, 
with  a  0.5-hour  cooling  period,  was  selected  for  work  on 
straws,  stalks,  etc.  (A  3-hour  reflux  was  used  for  wood.) 
Little  change  occurred  in  the  sample  after  dilution  and  equally 
good  results  were  obtained  from  samples  filtered  immediately. 
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with  and  without  dilution,  and  from  those  filtered  30  to  90 
minutes  after  dilution. 

Effect  of  Moisture  in  the  Sample.  Two-gram  samples 
of  bagasse  containing  0,  5,  33,  and  72  per  cent  of  moisture  were 
refluxed  in  75  cc.  of  monoethanolamine.  The  boiling  points 
of  the  first  two  were  approximately  170°,  and  for  the  latter 
two  160°  and  146°  C.  The  lignin  contents  of  the  unbleached 
residues  were  1.2,  1.2,  1.9,  and  2.3  per  cent  and  the  pentosan 
contents  were  29.6,  30.5,  31.4,  and  32.4  per  cent,  respectively. 
Therefore,  either  air-dry  or  oven-dry  samples  are  more  satis¬ 
factory  than  those  containing  a  considerable  amount  of 
moisture. 


Figure  2.  Effect  of  Time  of  Refluxing  on 
Lignin  Removal 


Effect  of  Bleaching  on  Monoethanolamine  Resi¬ 
dues.  Commercial  5  per  cent  sodium  hypochlorite  solution 
was  used  for  bleaching  the  pulp  samples  ( 1 6) .  Removal  of  the 
small  amount  of  lignin  remaining  in  bagasse  after  2  hours 
of  refluxing  (Table  I)  should  be  possible  by  mild  bleaching. 
Therefore,  bleaching  tests  were  made  using  1-,  5-,  and  10-cc. 
portions  of  sodium  hypochlorite  in  100  cc.  of  mixture  for  20 
minutes  at  room  temperature.  Although  the  chlorine  was 
not  exhausted,  color  tests  showed  lignin  remaining  in  the  sam¬ 
ples.  Better  lignin  removal  was  obtained  by  holding  the 
samples  at  40°  for  20  minutes,  but  the  two  stronger  bleach 
solutions  had  a  tendency  to  degrade  the  alpha-cellulose  at  this 
temperature.  Bleaching  with  dilute  acidified  solutions  of 
hypochlorite,  followed  by  heating  with  3  per  cent  sodium 
sulfite  solution  proved  more  satisfactory.  Two  cubic  centi¬ 
meters  of  the  5  per  cent  sodium  hypochlorite  solution  plus  3  cc. 
of  10  per  cent  sulfuric  acid  in  100  cc.  of  mixture  served  to 
bleach  bagasse  to  a  good  white  in  5  minutes.  For  sprucewood 
a  stronger  bleach  was  necessary  because  about  12  per  cent  of 
lignin  remained  in  the  sample  after  3  hours  of  refluxing.  The 
best  results  on  the  40-  to  60-mesh  spruce  were  obtained  by  us¬ 
ing  10  cc.  of  sodium  hypochlorite  with  12  cc.  of  acid,  followed, 
after  boiling  with  sodium  sulfite,  by  a  second  bleach  of  5  cc. 
of  sodium  hypochlorite  and  6  cc.  of  acid.  The  60-  to  80- 
mesh  spruce  was  easier  to  bleach  and  two  5-cc.  bleaches 
gave  satisfactory  results. 

Effect  of  Monoethanolamine 

On  Alpha-Cellulose.  It  has  been  stated  that  cellulose 
suffers  some  decomposition  when  it  is  heated  above  140°  C., 


although  there  is  some  question  as  to  whether  this  may  be 
due  entirely  to  oxidation  U,  9).  Therefore,  a  commercial 
sample  of  nitric  acid  high-alpha  bagasse  pulp  (alpha-cellulose 
content,  96.6  per  cent)  was  refluxed  for  1-,  2-,  and  4.5-hour 
periods  with  monoethanolamine  (about  170°).  The  yields 
were  99.7,  99.7,  and  99.4  per  cent,  respectively,  and  the  corre¬ 
sponding  alpha-cellulose  contents  were  96.0,  95.6,  and  95.2  per 
cent.  From  these  figures,  it  appears  that  boiling  monoethanol¬ 
amine  (a  reducing  agent)  has  only  a  slight  effect  on  alpha- 
cellulose. 

On  Lignin.  Hot  monoethanolamine  does  not  merely  dis¬ 
solve  lignin  but  also  acts  upon  it  to  change  its  properties.  The 
nearly  complete  removal  of  the  lignin  from  the  bagasse  induced 
the  hope  that  lignin  might  be  recovered  quantitatively  from  the 
filtrate.  However,  upon  acidification  of  the  filtrate  no  lignin 
was  recovered.  Six  hours  of  refluxing  with  150  cc.  of  mono¬ 
ethanolamine  dissolved  25  grams  of  an  isolated  alkali  corncob 
lignin.  After  removal  of  most  of  the  monoethanolamine  by 
steam  distillation  from  alkaline  solution  and  subsequent 
acidification  of  the  residual  liquor,  a  very  small  amount  of 
material  was  recovered  which  was  resistant  to  72  per  cent  sul¬ 
furic  acid.  Although  monoethanolamine,  like  most  other 
strong  alkalies,  will  dissolve  isolated  lignin  in  the  cold  and 
return  a  precipitate  on  acidification,  refluxing  at  170°  renders 
at  least  part  of  the  lignin  soluble  in  both  acid  and  alkaline 
solutions.  This  change  is  not  due  wholly  to  thermal  de¬ 
composition,  since  the  alkali  lignin  heated  at  170°  either  alone 
or  in  an  inert  liquid  (paraffin)  did  not  become  soluble  in  acid 
solution.  The  change  might  be  due  to  the  strong  reducing 
action  of  monoethanolamine  ( 6 ,  7,  10-12 )  or  possibly  to  the 
addition  of  amino  nitrogen  to  give  an  amphoteric  compound. 

Chloroform  precipitated  a  gelatinous  material  from  un¬ 
diluted  used  monoethanolamine.  An  attempt  to  separate  the 
lignin  from  the  used  monoethanolamine  by  diazotizing  the 
latter  gave  a  yellowish  precipitate  which  may  have  been  due 
to  a  decomposition  product  of  lignin.  Ferric  salts  as  well  as 
bromine  water  precipitated  small  amounts  of  substances  from 
an  acidified  solution.  When  steam-distillation  from  alkaline 
solution  was  used  to  remove  most  of  the  monoethanolamine, 
a  thick  brown  liquid  residue  was  left  and  a  small  amount  of  an 
unidentified  white  solid  was  found  in  the  distillate.  The 
action  of  monoethanolamine  on  the  lignin  of  agricultural 
wastes  is  being  studied  further. 

Proposed  Method  of  Analysis 

On  the  basis  of  the  above  data,  the  following  method  was 
adopted : 

Approximately  2  grams  of  dry  or  air-dry  sample  are  accurately 
weighed  into  the  flask  {A,  Figure  1)  and  75  cc.  of  monoethanol¬ 
amine  are  added.  The  flask  is  immersed  in  the  oil  bath,  which 
is  maintained  at  190°  C.,  to  such  a  depth  that  the  mixture  will 
come  to  boiling  in  about  10  minutes.  The  mixture  is  refluxed 
gently  for  exactly  2  hours,  removed  from  the  bath,  allowed  to 
cool  0.5  hour,  and  is  then  diluted  with  approximately  75  cc.  of 
water.  About  100  cc.  of  the  supernatant  liquor  are  decanted  into 
a  150-cc.  beaker  and  the  remainder  of  the  mixture  is  poured  rapidly 
into  a  250-cc.  beaker. 

This  thick  mixture  is  filtered  through  a  weighed  glass  filtering 
crucible  with  suction  and  the  filtrate  is  refiltered  through  the 
mat.  The  decanted  portion  is  then  filtered  through  the  crucible. 
(If  the  monoethanolamine  is  to  be  recovered  by  distillation,  this 
filtrate  is  set  aside  without  dilution  by  the  subsequent  washings.) 
The  sample  is  then  transferred  completely  to  the  crucible  by 
means  of  water  and  the  residue  in  the  crucible  is  washed  with 
about  200  cc.  of  hot  water.  The  wash  water  is  added  in  small 
portions  and  the  crucible  is  sucked  dry  after  each  addition,  but 
the  mat  must  not  be  disturbed. 

The  sample  is  then  transferred  to  the  250-cc.  beaker  by  a  nar¬ 
row  spatula  and  water  from  a  wash  bottle.  (An  excellent  spatula 
for  this  use  may  be  made  from  a  Nichrome  rod  0.4  cm.  in  diameter 
and  17  cm.  long  by  hammering  the  end  into  a  blade  0.9  cm.  wide 
and  5  cm.  long.)  The  mixture  is  made  up  to  about  95  cc.  with 
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water  and  acidified  with  3  cc.  of  10  per  cent  sulfuric  acid,  and 
then  2  cc.  of  5  per  cent  sodium  hypochlorite  are  added.  The  final 
volume  should  be  approximately  100  cc.  and  is  conveniently 
gaged  by  a  mark  previously  made  on  the  side  of  the  beaker.  The 
material  is  bleached  for  exactly  5  minutes  at  room  temperature 
(about  25°). 

After  5  minutes,  the  mixture  is  decanted  as  above,  and  filtered, 
forming  a  mat  as  before.  The  small  beaker  is  rinsed  with  about 
15  cc.  of  water  into  the  250-cc.  beaker  containing  an  equal  volume 
of  approximately  0.25  N  sulfurous  acid  solution.  The  sample  is 
washed  with  this  30  cc.  of  dilute  sulfurous  acid,  followed  by  a 
little  cold  water  and  then  with  about  15  cc.  of  3  per  cent  sodium 
sulfite  solution.  The  sample  is  transferred  to  the  250-cc.  beaker, 
as  before,  using  not  more  than  50  cc.  of  wash  water.  To  this, 
50  cc.  of  6  per  cent  sodium  sulfite  solution  are  added,  so  that  the 
final  concentration  is  3  per  cent  sodium  sulfite,  the  liquid  level 
being  gaged  by  the  100-cc.  mark  as  before.  The  beaker  is  then 
covered  with  a  watch  glass  and  set  in  a  boiling  water  bath  for 
20  minutes.  The  entire  filtering,  washing,  and  transference 
should  take  less  than  5  minutes.  It  is  therefore  convenient  to 
start  each  sample  bleaching  just  before  the  preceding  one  is 
filtered. 

The  residue  is  then  filtered  as  before  and  washed  successively 
with  150  cc.  of  boiling  water,  a  little  cold  water,  about  25  cc.  of 
cold  10  per  cent  acetic  acid  (rapidly),  cold  water,  150  cc.  of 
boiling  water,  about  75  cc.  of  cold  water  containing  1  to  2  drops 
of  concentrated  ammonium  hydroxide  (to  remove  any  trace  of 
acid),  and  finally  150  to  200  cc.  of  boiling  water.  The  bleached 
residue  (designated  “crude  cellulose”)  is  dried  in  the  crucible  at 
105  °  and  weighed  in  a  weighing  bottle. 

With  samples  of  sprucewood,  the  initial  bleaching  is  carried 
out  with  5  to  10  cc.  of  5  per  cent  sodium  hypochlorite  solution  and 
6  to  12  cc.  of  10  per  cent  sulfuric  acid.  After  boiling  with  3  per 
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cent  sulfite,  the  whole  process  is  repeated,  using  5  cc.  of  bleach 
and  6  cc.  of  acid. 

If  the  conditions  outlined  in  the  proposed  procedure  are 
closely  followed,  the  precision  of  the  method  is  very  good, 
duplicate  samples  checking  within  about  0.2  per  cent  cellulose 
for  the  above  materials  as  compared  to  0.1,  0.2  and  0.3  per 
cent  for  the  Norman-Jenkins,  Cross  and  Bevan,  and  Kiirsch- 
ner-Hoffer  methods,  respectively.  Excessive  refluxing  of  the 
sample  may  cause  the  precision  to  be  less,  a  variation  due 
principally  to  change  in  hemicellulose  content. 

Results  and  Discussion 

The  results  of  the  analyses  are  given  in  Table  II.  For 
convenience  in  comparisons,  the  data  previously  obtained  (16) 
are  reproduced.  An  examination  of  the  values  for  “crude 
cellulose  corrected  for  ash”  shows  that  in  general  the  mono- 
ethanolamine  method  gives  results  which  are  comparable  to 
those  obtained  by  either  the  Norman-Jenkins  or  Cross  and 
Bevan  methods.  The  monoethanolamine  values  are  slightly 
higher  in  all  cases  except  the  wheat  straws,  which  are  slightly 
lower.  Visual  inspection  of  the  pulp  samples  showed  grains 
of  sand  in  the  wheat  straw  and  cornstalks,  and  these  residues 
were  particularly  high  in  ash.  Apparently,  the  single  sodium 
sulfite  treatment  of  the  monoethanolamine  method  removes 
less  silica  ash  than  the  repeated  alkaline  treatments  of  the 
Cross  and  Bevan  and  Norman-Jenkins  methods,  an  effect 
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Table  II.  Comparative  Analyses  of  Plant  Materials 


(Monoethanolamine,  Cross  and  Bevan,  Norman-Jenkins,  and  Kiirschner-Hoffer  methods,  respectively®) 


Rye 

Corn¬ 

Wheat 

Fer¬ 

Spruce- 

Spruce- 

Bagasse 

Straw 

stalks 

Straw 

mented 

wood 

wood 

40-  to  60- 

40-  to  60- 

40-  to  60- 

40-  to  60- 

Wheat 

40- to  60- 

60-  to  80- 

Mesh 

Mesh 

Mesh 

Mesh 

Straw 

Mesh 

Mesh 

% 

% 

% 

% 

% 

% 

% 

Original  Material 

Moisture 

4.45 

6.33 

7.64 

Nils 

Nil  i 

Nil' 

Nil' 

Pentosan 

31.3 

29.1 

25.5 

28.7 

29.3 

12.1 

12.0 

Ash 

0.82 

6.30 

7.58 

6.5 

4.27 

0.90 

0.74 

Lignin 

24.0 

13.3 

15.7 

20.7 

24.2 

28.0 

27.7 

Monoethanolamine  Cellulose 

Crude  cellulose 

65.7 

50.6 

48.7 

55.3 

58.0 

54.0 

56.5 

Ash  in  crude  cellulose 

0.62 

2.14 

8.82 

4.4 

1.30 

0.96 

0.97 

Crude  cellulose  corrected  for  ash 

65.3 

49.5 

44.4 

52.9 

57.2 

53.5 

56.0 

Pentosan  in  crude  cellulose 

31.4 

34.0 

31.8 

27.8 

28.8 

11.4 

10.2 

Lignin  in  crude  cellulose 

0.23 

0.83 

1.05 

0.96 

0.76 

0.22 

0.19 

Pure  cellulose  in  original  material 

44.4 

31.9 

28.4 

37.0 

40.1 

47.2 

50.1 

Alpha-cellulose  in  crude  cellulose 

73.5 

69.7 

66.9 

73.8 

74.8 

70.9 

70.9 

Alpha-cellulose  calcd.  on  original  material 

48.3 

35.3 

32.6 

40.8 

43.4 

38.3 

40.0 

Cross  and  Bevan  Cellulose 

Crude  cellulose 

64.5 

48.5 

40.5 

57.4 

59.6 

52.4 

51.4 

Ash  in  crude  cellulose 

1.30 

1.83 

2.20 

1.70 

1.51 

1.80 

1.28 

Crude  cellulose  corrected  for  ash 

63.7 

47.6 

39.6 

56.4 

58.7 

51.5 

50.8 

Pentosan  in  crude  cellulose 

25.7 

25.1 

23.7 

29.3 

29.0 

8.90 

8.85 

Lignin  in  crude  cellulose 

1.80 

2.37 

1.27 

1.91 

1.44 

0.11 

0.20 

Pure  cellulose  in  original  material 

47.0 

34.3 

29.5 

38.5 

40.6 

46.8 

46. 1 

Alpha-cellulose  in  crude  cellulose 

77.7 

72.7 

76.4 

73.4 

74.0 

75.8 

76.5 

Alpha-cellulose  calcd.  on  original  material 

50.1 

35.3 

30.9 

41.4 

44.1 

39.7 

39.3 

Norman-Jenkins  Cellulose 

Crude  cellulose 

63.6 

49.7 

41.8 

59.8 

62.6 

50.6 

51 . 6 

Ash  in  crude  cellulose 

0.50 

0.88 

1.11 

2.36 

1.73 

1.10 

1.17 

Crude  cellulose  corrected  for  ash 

63.3 

49.3 

41.3 

58.4 

61.5 

50.0 

51.0 

Pentosan  in  crude  cellulose 

26.9 

31.5 

28.1 

30.2 

29.4 

7.84 

7.92 

Lignin  in  crude  cellulose 

4.06 

1.66 

6.62 

1.80 

1.11 

0.07 

0.13 

Pure  cellulose  in  original  material 

43.6 

32.8 

26.8 

39.3 

42.4 

46.0 

46.8 

Alpha-cellulose  in  crude  cellulose 

76.6 

74.5 

72.1 

70.2 

71.1 

72.6 

71.6 

Alpha-cellulose  calcd.  on  original  material 

48.7 

37.0 

30. 1 

42.0 

44.5 

36.7 

36.9 

Kiirschner-Hoffer  Cellulose 

Crude  cellulose 

55.0 

42.5 

40.4 

49.24 

49.04 

Ash  in  crude  cellulose 

0.80 

2.80 

9.50 

0.20 

0.23 

Crude  cellulose  corrected  for  ash 

54.6 

41.3 

36.6 

49.1 

48.9 

Pentosan  in  crude  cellulose 

19.9 

20.3 

16.3 

7.07 

5.95 

Lignin  in  crude  cellulose 

4.59 

0.49 

0.73 

0.39 

1.20 

Pure  cellulose  in  original  material 

41.1 

32.5 

29.7 

45.4 

45.4 

Alpha-cellulose  in  crude  cellulose 

74.4 

70.7 

63.9 

66.5 

61.0 

Alpha-cellulose  calcd.  on  original  material 

40.9 

30.0 

25.8 

32.7 

29.9 

a  All  results  except  moisture  given  on  moisture-free  basis. 
b  Oven-dried  samples  used. 
e  Previously  extracted  by  alcohol  and  benzene. 
d  Faintly  yellow. 
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which  is  reflected  also  in  less  change  in  weight  of  the  glass 
filtering  crucibles.  The  same  effect  had  been  noted  with  the 
Kiirschner-Hoffer  method.  A  residue  with  a  uniformly  lower 
lignin  content  is  obtained  by  the  monoethanolamine  method 
than  with  either  the  Cross  and  Bevan  or  Norman- Jenkins 
methods,  in  the  case  of  annual  fibrous  crops.  The  bleach 
requirements  for  obtaining  a  good  white  color  with  the 
monoethanolamine  residues  were  very  low. 

Differences  in  yield  of  cellulose  are  due  primarily  to  the 
difference  in  pentosan  content.  With  the  exception  of  the 
wheat  straws  the  pentosan  content  of  the  monoethanolamine 
cellulose  fraction  is  higher  than  that  obtained  by  the  other 
methods.  Apparently  the  action  of  the  monoethanolamine 
is  similar  to  that  of  the  agents  used  in  the  alkaline  pulping 
process,  which  produce  a  pulp  with  a  higher  pentosan  content 
than  the  corresponding  Cross  and  Bevan  cellulose.  The 
higher  pentosan  content  of  the  monoethanolamine  residue 
may  be  due  to  the  fact  that  the  “tightly  bound”  or  “re¬ 
sistant”  pentosan  is  less  completely  removed.  The  data  in 
Table  I  show  that  most  of  the  pentosan  removed  from 
bagasse  is  extracted  during  the  first  hour  of  refluxing. 

A  comparison  of  the  alpha-cellulose  contents,  calculated 
on  the  original  material,  shows  that  the  results  obtained  on 
monoethanolamine  cellulose  are  approximately  the  same  as 
those  obtained  on  the  Cross  and  Bevan  and  Norman- Jenkins 
residues.  The  monoethanolamine  method,  therefore,  causes 
little  degradation  of  the  alpha-cellulose  which  confirms  the 
experiments  using  high-alpha  pulp.  As  has  been  previously 
shown  {16),  the  Kurschner-Hoffer  cellulose  gives  anomalous 
results  when  analyzed  for  alpha-cellulose. 

It  is  interesting  to  note  that,  in  the  case  of  fibrous  wastes, 
the  monoethanolamine  alpha-cellulose  values  are  uniformly 
higher  (about  8  per  cent)  than  the  corresponding  values  for 
pure  cellulose.  A  similar  relationship  holds  with  the  Cross 
and  Bevan  and  Norman- Jenkins  values.  However,  in  the  case 
of  sprucewood,  the  pure  cellulose  figures  are  18  to  27  per  cent 
higher  than  the  alpha-cellulose  values.  This  fact  indicates  that 
the  hemicellulose  part  of  the  crude  cellulose  of  the  fibrous  farm 
wastes  differs  considerably  in  composition  from  that  of  the 
wood.  It  is  probable  that  the  crude  wood  cellulose  contains 
a  greater  percentage  of  hexosans  other  than  cellulose. 

The  outstanding  advantage  of  the  monoethanolamine 
method  is  the  saving  in  time  and  effort  required  to  conduct 
a  cellulose  analysis.  Manipulation  tune  is  approximately 
0.75  to  1  hour  per  determination.  Although  the  saving  in 
time  is  not  much  greater  than  with  the  Kurschner-Hoffer 
method,  the  composition  of  the  monoethanolamine  residue, 
particularly  with  regard  to  alpha-cellulose  content,  shows 
that  the  monoethanolamine  method  is  greatly  superior. 

This  method  was  particularly  successful  when  applied  to 
fermented  wheat  straw  (Table  II).  The  low  lignin  content 
of  the  treated  samples  indicates  that  the  ligno-protein  com¬ 
plexes  normally  present  {13)  are  probably  dissolved  by  the 
monoethanolamine.  Samples  of  this  type  are  normally 
difficult  to  handle  during  analysis,  even  though  a  centrifuge 
is  used.  Since  the  monoethanolamine  method  involves  only 
3  filtrations  (or  centrifugings)  as  compared  to  at  least  20 
by  the  usual  methods,  this  alone  effects  a  great  saving  of 
time. 

Summary  and  Conclusions 

The  use  of  hot  monoethanolamine  as  a  reagent  for  the 
determination  of  cellulose  has  been  investigated  and  found 
to  be  very  satisfactory,  particularly  for  fibrous  farm  wastes. 

Two  hours  of  refluxing  in  the  monoethanolamine  decom¬ 
posed  the  major  part  of  the  lignin  in  straws  and  stalks,  re¬ 
moved  the  less  resistant  pentosans,  but  had  little  effect  upon 
the  alpha-cellulose  either  in  the  isolated  form  or  in  the  plant 


material.  The  extraction  with  monoethanolamine  was  less 
effective  upon  sprucewood,  the  lignin  content  being  reduced 
to  7.5  per  cent  after  6.5  hours  as  compared  to  about  1  per  cent 
in  bagasse  after  2  hours.  A  mild  bleach  was  used  to  remove 
the  residual  lignin. 

A  procedure  for  the  determination  of  cellulose  was  applied 
to  bagasse,  rye  straw,  cornstalks,  wheat  straw,  and  fermented 
wheat  straw  ground  to  40-  to  60-mesh  size,  and  to  two  samples 
of  ground  sprucewood,  40-  to  60-  and  60-  to  80-mesh  size. 
The  resulting  crude  cellulose  was  analyzed  for  pentosans,  ash, 
lignin,  and  alpha-cellulose.  The  results  were  calculated  as 
pure  cellulose  and  alpha-cellulose  in  the  original  material. 
The  data  are  tabulated  and  compared  with  results  previously 
obtained  {16)  on  the  same  materials  (except  for  the  wheat 
straws)  by  the  Cross  and  Bevan,  Norman- Jenkins,  and 
Kurschner-Hoffer  methods  of  cellulose  analysis. 

The  crude  cellulose  fractions,  corrected  for  ash,  compared 
favorably  with  those  obtained  by  the  Cross  and  Bevan  and 
Norman-Jenkins  methods.  Variations  were  due  principally 
to  differences  in  pentosan  contents  which  were  usually  a  little 
higher  in  the  monoethanolamine  fractions.  The  mono¬ 
ethanolamine  lignin  contents  were  usually  lower  and  the  alpha- 
cellulose  values  compared  very  favorably  with  those  of  the 
other  methods.  The  precision  of  the  method  was  equal  to 
that  of  the  Cross  and  Bevan  method. 

The  monoethanolamine  method  of  cellulose  analysis  has  an 
advantage  over  the  other  methods  because  of  the  saving  of 
time  and  effort.  It  is  possible  to  average  more  than  one  de¬ 
termination  per  hour  when  a  large  number  of  analyses  are 
being  carried  out.  The  analysis  of  a  typical  fermented  straw 
sample  by  this  method  was  much  simpler  and  quicker  than 
when  the  same  sample  was  analyzed  by  the  usual  methods. 
Although  the  monoethanolamine  is  not  so  effective  in  re¬ 
moving  lignin  from  sprucewood  as  from  representative  fibrous 
farm  wastes,  it  may  be  used  if  a  more  extensive  bleaching 
procedure  is  carried  out. 

The  monoethanolamine  method  of  cellulose  analysis  is 
recommended  particularly  for  the  analysis  of  fibrous  agricul¬ 
tural  wastes,  especially  if  the  determination  of  alpha-cellulose 
on  the  residue  is  contemplated. 
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Quantitative  Spectrochemical  Analysis  of 

Dilute  Solutions 


A  Safe  Alternating  Current  High-Voltage  Arc  Circuit 

A.  E.  RUEHLE  and  E.  K.  JAYCOX 
Bell  Telephone  Laboratories,  New  York,  N.  Y. 


A  safe  and  convenient  alternating  current 
high-voltage  arc  circuit  together  with  its 
tie-in  with  the  ordinary  direct  current  arc 
and  condensed  spark  circuits  is  described. 
The  alternating  current  arc  is  a  repro¬ 
ducible  source  for  determining  barium, 
strontium,  tellurium,  and  phosphorus  in 
dilute  solutions.  A  precision  of  50  to  100 
parts  per  thousand  was  obtained  using  the 
comparison  standard  method. 


SINCE  the  early  days  of  chemical  analysis  with  the  spec¬ 
trograph  the  greatest  difficulty  has  been  to  obtain 
reproducible  spectrograms  on  identical  samples.  Meggers  (5) 
introduced  the  practice  of  photographing  the  spectra  of  a 
graded  series  of  standards  on  the  same  plate  with  the  sample 
and  thus  reduced  to  a  minimum  the  errors  due  to  photog¬ 
raphy.  Gerlach’s  (3)  concept  of  homologous  pairs  was  an¬ 
other  step  forward,  in  that  it  reduced  errors  due  to  variable 
excitation.  These  workers,  however,  used  spark  excitation, 
which  is  not  sufficiently  sensitive  to  meet  the  demands  of 
many  modern  analyses. 

The  direct  current  arc  has  been  used  in  much  recent  work 


Figure  1.  Wiring  Diagram  for  Alternating  and  Direct  Current  Arcs  and  Condensed  Spark 
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for  both  “comparison  standard”  and  “internal  standard” 
methods.  While  highly  sensitive,  the  direct  current  arc  is 
somewhat  unreliable  for  comparison  standard  methods,  show¬ 
ing  an  average  error  of  ±  10  to  20  per  cent  of  element  deter¬ 
mined.  When  internal  standardization  is  employed  this  error 
can  be  reduced,  especially  when  only  the  straight-line  portion 
of  the  characteristic  curve  of  the  plate  is  used.  For  best 
results  it  is  necessary  to  calibrate  the  response  of  each  plate  (£) 
in  order  to  use  only  the  straight-line  portion  of  the  curve  or 
to  correct  for  deviations  from  it.  Thus  the  procedure  be¬ 
comes  somewhat  involved  if  high  precision  is  to  be  attained  for 
determination  of  the  smaller  amounts  of  the  metallic  ele¬ 
ments. 


Figure  2.  Typical  Working  Curves,  Comparison  Stand¬ 
ard  Method 


Several  workers  have  recently  reported  very  high  spectral 
sensitivity  for  metals  in  the  2000-volt  alternating  current 
arc.  Duffendack  and  Wolfe  (I)  determined  minute  traces  of 
various  metals  in  caustic  liquors,  and  Owens  ( 6 )  reported 
greater  sensitivity  by  a  factor  of  ten  than  is  shown  by  the 
direct  current  arc.  The  authors’  experience  indicates  that 
this  higher  sensitivity  is  not  universal  but  is  evident  only  in 
certain  cases.  However  the  alternating  current  arc  has  an 
equally  important  advantage,  in  that  it  is  much  more  re¬ 
producible  than  the  direct  current  arc.  It  combines  some  of 
the  precision  of  the  condensed  spark  with  the  sensitivity  of 
the  direct  current  arc  and  is  thus  admirably  suited  to  the 
analysis  of  dilute  solutions. 

Apparatus 

Spectrographic  equipment,  densitometer,  5.5-kva.  high-react¬ 
ance  transformer  and  Transtat  voltage  regulator  (American 
Transformer  Co.). 

The  high  voltage  alternating  current  arc  is  a  considerably 
more  dangerous  apparatus  than  either  the  direct  current  arc  or 


the  condensed  spark;  consequently,  extra  precautions  must  be 
taken  in  making  it  safe  for  regular  use.  The  authors’  circuit  and 
its  tie-in  with  the  direct  current  arc  and  the  spark  circuits  also 
used  in  this  laboratory  are  shown  in  Figure  1 .  Both  transformers 
are  caged  in  with  a  grounded  expanded  metal  guard  beneath  the 
working  table.  The  arc  and  spark  stand  is  similarly  caged. 
Entry  is  effected  for  changing  electrodes,  etc.,  through  a  door 
which  mechanically  obstructs  the  main  alternating  current  switch 
when  open.  The  direct  current  can  be  used  with  the  door  open. 
All  secondary  circuit  controls  in  the  alternating  current  lines  are 
eliminated. 

The  spark  is  controlled  by  resistance  in  series  with  the  primary. 
The  alternating  current  arc  is  controlled  for  both  voltage  and  cur¬ 
rent  by  a  transtat  in  the  primary  line.  The  electrode  separation 
can  be  adjusted  while  operating  by  means  of  an  insulated  flexible 
shaft  on  the  ground  side,  the  length  of  the  gap  being  measured  by 
an  optical  gage.  The  clock  indicated  is  an  inexpensive  Tele- 
chron,  the  second  hand  of  which  times  the  direct  current  arc 
exposures  by  turning  only  when  the  arc  current  is  passing. 

Results 

In  Figure  2  are  shown  typical  working  curves  for  the  com¬ 
parison  standard  method  using  this  source. 

Aliquots  of  solutions  of  the  concentration  indicated  were 
dried  on  flat-top  graphite  electrodes  of  0.19  or  0.25  inch  in 
diameter.  Both  upper  and  lower  electrodes  were  first  coated  with 
a  waterproofing  material  (collodion  is  suitable)  and  preheated  to 
100°  C.  before  the  solutions  were  transferred,  in  order  to  prevent 
their  soaking  into  the  electrodes.  Exposures  were  for  120 
seconds,  during  which  time  the  lower  electrode  was  rotated  at 
600  r.  p.  m.  to  steady  the  mean  position  of  the  arc  column. 

Densities  were  measured  with  a  projection  densitometer  made 
by  modifying  a  Moll  instrument.  In  practice,  the  maximum 
swing  of  the  galvanometer  is  set  to  a  standard  value  by  ad¬ 
justing  the  area  of  the  photocell  surface  illuminated,  complete 
blackness  corresponding  to  zero  swing,  so  that  the  galvanometer 
reading,  G,  is  proportional  to  the  transmission. 

As  can  be  seen  from  the  working  curves,  the  precision  of 
a  comparison  standard  method  with  the  alternating  current 
arc  is  ±  5  to  10  per  cent,  which  is  about  as  good  as  the  authors 
have  been  able  to  secure  on  run-of-the-mill  work  with  internal 
standardization  and  the  direct  current  arc  source  (4).  Un¬ 
doubtedly  some  of  the  improvement  is  due  to  being  able  to 
measure  density  under  the  conditions  of  low  background 
intensity  characteristic  of  this  source.  Whether  the  alternat¬ 
ing  current  arc  will  give  better  precision  than  the  direct 
current  arc  when  using  internal  standardization  is  still  under 
investigation. 
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Separation  and  Characterization  of 

Petroleum  Acids 


Some  Texas  Petroleum  Acids 

HENRY  G.  SCHUTZE,  BILLIE  SHIVE,  AND  H.  L.  LOCHTE,  University  of  Texas,  Austin,  Texas 


Operations  involved  in  various  methods  of 
fractionation  of  acidic  material  from  Texas 
petroleum  are  described.  The  necessity 
for  use  of  a  combination  of  constants  as  an 
aid  in  characterizing  the  various  cuts  ob¬ 
tained  is  pointed  out  and  several  schemes 
are  given. 

Phenol,  n-valeric,  n-butyric,  dimethyl- 
maleic,  n-octanoic,  and  solid  hexahydro-p- 
toluic  acids  were  isolated  and  identified. 

WHEN  a  long-range  program  of  research  on  petroleum 
acids  was  initiated  in  1934,  a  survey  showed  that  the 
only  Texas  petroleum  material  obtainable,  including  the 
boiling  point  range  of  C6  to  C9  acids,  consisted  of  alkali  wash 
obtained  in  the  refining  of  light  burner  oil  at  the  Baytown 
Refinery  of  the  Humble  Oil  and  Refining  Company.  This 
material  was  obtained  by  washing  a  mixture  of  straight-run 
and  cracking  process  products  from  Texas  crudes.  The  offer 
of  this  company  to  furnish  this  material  was  gladly  accepted, 
even  though  it  was  realized  that  the  cracking  process  ma¬ 
terial  would  greatly  complicate  the  mixture.  It  was  felt 
from  the  first  that  physical  methods  should  be  employed 
much  more  extensively  than  in  the  past  in  the  study  of  pe¬ 
troleum  acids,  and  the  success  of  such  methods  can  be  fol¬ 
lowed  more  readily  on  a  complex  mixture  than  on  a  simpler 
mixture  consisting  largely  of  members  of  a  single  homologous 
series. 

Separation  of  types  as  well  as  of  individuals  among  pe¬ 
troleum  acids  has  become  practically  standardized  in  proce¬ 
dure  involving  the  following  steps: 

1.  Alkali  neutralization  of  the  acidic  material 

2.  Liberation  of  acids  from  the  sodium  salt  solution 

3.  More  or  less  elaborate  fractionation  of  the  acids  obtained 

4.  Esterification  of  the  acids,  leaving  phenols  and  most  ter¬ 
tiary  acids  unchanged  but  partially  dissolved  in  the  ester  layer 

5.  Careful  fractionation  of  the  resulting  esters  by  distillation 

6.  Saponification  of  each  ester  cut,  followed  by  fractional 
distillation  of  the  regenerated  acids 

7.  Attempted  isolation  or  identification  of  individual  acids 
by  formation  of  solid  derivatives,  various  salts,  amides,  or  deg¬ 
radation  reactions 

While  under  favorable  conditions  much  has  been  accom¬ 
plished  considering  the  complexity  of  the  raw  material  con¬ 
cerned,  the  use  of  other  physical  methods  in  addition  to  frac¬ 
tional  distillation  is  clearly  indicated,  since  separation  by  dif¬ 
ferences  in  vapor  pressure  alone  would  not  be  expected  to 
succeed  even  when  both  the  acids  and  their  esters  are  frac¬ 
tionated.  The  authors  developed  and  tried  a  number  of 
methods,  such  as  fractional  esterification  and  saponification, 
fractional  countercurrent  neutralization  and  liberation,  and 
fractional  silver  salt  formation,  but  soon  found  that  the  de¬ 
velopment  of  these  methods  must  go  hand  in  hand  with  fast 
but  reliable  means  of  characterizing  the  various  fractions, 
since  these  methods  are  not  based  on  vapor  pressure,  neutral 
equivalent,  density,  or  any  other  property  alone;  and  there¬ 


fore,  no  one  of  these  can  describe  the  fraction  adequately. 
The  combination  and  alternation  of  a  number  of  different 
methods  of  fractionation  lead  soon  either  to  an  excessive 
number  of  small  fractions  or  to  recombinations  that  undo  the 
separation  effect  of  a  previous  step. 

Characterizing  Petroleum  Acids 

Since  no  one  constant  can  then  be  relied  upon  in  recombina¬ 
tions,  a  study  of  various  combinations  of  constants  was  made 
and  tried  on  known  compounds  and  mixtures,  as  well  as  on 
fractions  obtained  here  and  in  work  reported  from  other  labo¬ 
ratories.  Of  the  many  schemes  that  have  been  proposed  for 
characterizing  petroleum  hydrocarbon  fractions,  a  number 
yield  about  equally  satisfactory  results.  The  authors  have, 
however,  found  the  following  schemes  most  useful. 

plot  of  "• d*° 

When  the  proper  data  for  various  types  of  acids  and  for  satu¬ 
rated  hydrocarbons  are  plotted  as  indicated,  a  fairly  satis¬ 
factory  separation  of  acid  types  is  obtained  except  in  the  case 
of  unsaturated  and  naphthenic  acids,  which,  as  might  be  ex¬ 
pected,  overlap.  The  authors  used  this  scheme  in  much  of  the 
preliminary  work.  A  plot  of  n  —  1  vs.  d?0  has  the  advantage 
of  simplicity  in  calculation  and  appears  to  yield  roughly  as 
satisfactory  results. 

nD  —  1  vs  ^ 
molecular  weight 

Another  scheme  that  seems  to  separate  the  various  types  of 
acids  most  satisfactorily  but  at  the  expense  of  simplicity  is 
shown  in  Figure  1.  It  seems  generally  to  yield  a  separate  fine 
for  each  different  series  and  molecular  weight. 

nD  X  dj° 

For  fast  routine  work  the  authors  have  abandoned  all  of  the 
more  elaborate  schemes  for  the  simple  purely  empirical  prod- 
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uct  of  n2S  X  df.  Calculation  of  this  value  for  a  large  number 
of  reported  aliphatic,  unsaturated,  and  naphthenic  acids, 
phenols,  and  hydrocarbons  with  from  5  to  10  carbon  atoms 
was  undertaken.  When  the  constants  were  reported  at  tem¬ 
peratures  other  than  20°  ±  2°  C.,  the  20°  values  were  calcu¬ 
lated,  although  in  most  cases  the  separation  into  acid  type  is 
so  good  that  errors  due  to  use  of  temperatures  other  than  20° 
do  not  shift  the  compound  from  one  group  to  another. 

The  compiled  data  show  that  aliphatic  acids  have  products 
ranging  from  1.280  to  1.350  with  most  values  between  1.300 
and  1.310,  the  naphthenic  acids  range  from  1.390  to  1.470 
with  most  values  between  1.410  and  1.440,  while  phenols 
have  n-d  products  above  1.500  and  hydrocarbon  values  below 
1.300  and  usually  below  1.280. 

The  only  exception  for  acids  containing  the  cyclopentyl 
group — the  typical  naphthenic  acids — was  1,2,3-trimethyl- 
cyclopentane  carboxylic  acid,  reported  by  Noyes  and  Burke 
(7).  Its  constants  as  reported  yield  a  product  of  only  1.313, 
which  would  list  it  with  the  typical  aliphatic  acids.  The 
abnormally  low  reported  density  of  0.9008  led  the  authors  to 
repeat  their  synthesis.  (Correspondence  with  Professors 
Noyes  and  Burke  shows  that  the  original  notes  are  not  avail¬ 
able,  but  they  suspect  that  their  density  should  have  been 
0.9908  instead  of  0.9008.)  The  following  constants  were 
found  on  an  acid  finally  purified  by  repeated  treatments  with 
potassium  permanganate  followed  in  each  case  by  refractiona¬ 
tion  and  determination  of  the  constants  which  finally  re¬ 
mained  unchanged:  boiling  point,  745  mm.,  244°;  d20, 
0.9948;  n2D°,  1.4597;  Mo,  found  42.98;  calculated  43.13; 
n-d  1.4573. 


Table 

I.  Acid  Cuts 

Boiling  Point,  Approximate 

«  2d  of 

n2o  of 

Fraction 

35  Mm. 

°  C. 

V  olume 
Liters 

Fraction 

Acids 

% 

Acids 

1 

100-110 

3.8 

1.4751 

10.80 

1.5279 

2 

110-120 

9.5 

1 . 4807 

15.40 

1 . 5275 

3 

120-130 

45.4 

1.4903 

20.30 

1 . 5258 

4 

130-140 

34.1 

1.4949 

24.10 

1 . 5230 

5 

140-150 

26.5 

1 . 5008 

33.80 

1.5159 

6 

150-160 

34.1 

1 . 5003 

37.00 

1 . 5095 

7 

160-170 

26.5 

1.4965 

42.60 

1 . 4935 

8 

170-180 

11.35 

1.4872 

43.40 

1 . 4795 

9 

180-190 

7.6 

1.4852 

54.30 

1.4765 

10 

Residue 

190-200 

1.9 

15.2 

1.4825 

60.20 

1.4753 

As  in  the  case  of  all  other  simple  schemes  tried,  the  singly 
unsaturated  acids  are  placed  with  the  naphthenic  acids. 
The  authors  at  present  recombine  fractions  on  the  basis  of 
n-d,  boiling  point,  and  neutral  equivalent. 

Experimental 

After  a  careful  examination  of  various  types  of  Texas  acidic 
material  available,  one  of  the  writers  (Schutze)  liberated  the 
acids  from  20  barrels  of  concentrated  alkali  wash  from  fight 
burner  oil  as  obtained  at  the  Baytown  Refinery  of  the  Humble 
Oil  and  Refining  Company.  Three  barrels  of  crude  acids  were 
obtained.  This  material  was  then  distilled  at  the  University  of 
Texas  Laboratory  through  a  battery  of  twelve  2-fiter  Claisen 
flasks.  The  difficulty  due  to  water  in  this  material  was  best 
overcome  by  blowing  air  or  natural  gas  through  each  charge 
as  it  was  heated  up  until  practically  all  of  the  moisture  had 
been  driven  off.  The  acids  were  then  distilled  at  water-pump 
vacuum  to  yield  three  cuts  of  200  cc.  each  and  a  residue  of 
about  1  liter  from  each  charge  of  1600  cc.  This  operation 
yielded  75.0  liters  of  material  boiling  at  110°  to  135°  C.; 
75  liters  boiling  at  135°  to  160°;  and  75  liters  boiling  at  160° 
to  180°,  all  at  25  mm.  The  three  cuts  were  then  separately 
fractionated  at  35  mm.  from  a  57-liter  steel  still  with  a  275  X 
15  cm.  unpacked  column.  Fractions  were  collected  at  10° 
intervals  to  yield  the  cuts  shown  in  Table  I. 

The  high  index  of  refraction  of  the  first  seven  cuts  indicates 


that  they  are  predominantly  phenolic  in  nature.  In  spite  of 
this  fact  cut  3  with  the  largest  volume  was  selected  for  de¬ 
tailed  study  because  its  boiling  point  range  was  the  one  de¬ 
sired. 

Separation  of  Strong  Organic  Acids  from  Weak 
Acids,  Phenols,  and  Hydrocarbons 

Since  large-size  efficient  fractionating  apparatus  was  not 
available,  it  was  decided  to  forego  the  advantage  of  “ampli¬ 
fied  distillation”  or  “carrier  liquid”  effect  and  to  separate 
strong  from  weak  acids  before  proceeding  with  separation_by 
distillation. 

Table  II.  Separation  by  Sodium  Carbonate  Treatment 


Fraction 

«20 
n  D 

Volume 

Cc. 

A1 

1.4478 

120 

A2 

1.4515 

95 

A3 

1.4638 

72 

A4 

1 . 4868 

54 

A5 

1 . 5035 

55 

A6 

1 . 5000 

49 

Steam-distillation  of  the  sodium  salts  to  remove  material 
formed  by  hydrolysis  and  nonacidic  compounds  proved 
effective  but  required  an  excessive  amount  of  steam  and 
time,  so  only  7.5  liters  (2  gallons)  were  treated  in  this  manner. 

The  remainder  of  the  acids  were  treated  with  successive  6- 
liter  aliquots  of  1  A  potassium  hydroxide.  In  this  and  in  all 
subsequent  fractional  neutralization  batch  operations,  prolonged 
and  vigorous  stirring  with  motor  stirrer  was  employed  to  assure 
equilibrium  neutralization.  Each  batch  of  potassium  salts  was 
then  steam-distilled  to  remove  hydrocarbons  and  other  material 
carried  down  with  the  salt  solution. 

The  strong  organic  acid  fractions  of  the  extracted  acids  were 
dissolved  in  an  equal  volume  of  petroleum  ether  and  fractionally 
neutralized  with  0.5  N  sodium  carbonate.  Each  alkali  cut  was 
acidified  with  sulfuric  acid  and  saturated  with  sodium  chloride  to 
lower  the  solubility  of  any  dissolved  acids.  The  aqueous  layers 
were  extracted  with  several  small  batches  of  petroleum  ether, 
since  it  has  been  found  throughout  this  work  that  sodium  salt 
solutions  are  much  better  solvents  than  water  for  phenols  and 
hydrocarbons  and  further  that  hydrocarbons  and  phenols  dissolve 
considerable  amounts  of  sodium  salts,  so  that  double  treatment 
as  described  above  is  always  needed  in  concentrated  solutions. 

The  degree  of  separation  obtained  with  the  sodium  carbon¬ 
ate  treatment  just  described  is  best  shown  by  Table  II. 

While  these  6  cuts  represent  only  a  small  portion  of  the 
acidic  material,  the  last  two  cuts  obviously  represent  phenolic 
compounds  which  are  being  studied  in  a  separate  project,  so 
no  more  fractions  were  obtained  at  this  time. 


Table  III.  Constants  of  Selected  Cuts 


Cut 

„20 
n  D 

Boiling  Point, 
760  Mm. 

°  C. 

Neutralization 

Equivalent 

Density, 

20/20 

n-d 

1 

1.4100 

161 

99.80 

0.9654 

1.360 

2 

1 . 4358 

167 

131.5 

0.9806 

1.408 

3 

1 . 4444 

173 

143.3 

0.9848 

1.423 

4 

1.4520 

176 

153.3 

0.9889 

1.435 

5 

1 . 4490 

178 

147.0 

0.9867 

1.430 

6 

1.4395 

181 

133.2 

0.9809 

1.412 

7 

1.4338 

182 

126.0 

0.9778 

1.405 

8 

1.4309 

184 

119.0 

0.9766 

1.398 

9 

1.4293 

185 

118.6 

0.9764 

1.395 

10 

1.4311 

188 

118.3 

0.9787 

1.400 

11 

1.4419 

191 

131.8 

0.9879 

1.425 

12 

1 . 4478 

194 

138.6 

•  •  < 

13 

1.4520 

196 

143.3 

.  .  . 

14 

1.4561 

199 

148.0 

.  .  . 

15 

1.4539 

202 

140.0 

16 

1.4515 

203 

134.0 

i ! oi79 

1 450 

17 

1.4539 

207 

129.9 

1.0317 

1.500 

18 

1.4635 

213 

139.2 

1.0490 

1.535 

Residue 


Repetition  of  this  procedure  on  the  various  nonphenofic 
fractions  yielded  a  total  of  365  cc.  of  strong  organic  acids 
from  which,  by  similar  operations,  a  188-cc.  fraction  of  the 
strongest  acids  was  selected  for  more  detailed  study.  This 
batch  was  next  carefully  fractionated  into  10-cc.  cuts.  Some 
constants  are  presented  in  Table  III. 
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During  the  fractionation  it  was  observed  that  a  solid  separated 
in  the  condenser,  especially  from  cuts  9  through  16.  The  solid  ob¬ 
tained  when  cut  13  was  cooled  was  recrystallized  twice  from  pe¬ 
troleum  ether;  it  now  melted  at  95.5°  and  boiled  at  220°  at  760 
mm.  Reprecipitation  by  adding  hydrochloric  acid  to  its  solution 
in  alkali,  and  resublimation  did  not  change  the  compound. 
Since  3,6-dimethyl  phthalic  acid  was  suspected,  it  was  treated 
with  resorcinol  and  sulfuric  acid  and  then  neutralized  to  yield  a 
dichroic  solution,  green  by  reflected  and  red  by  transmitted 
light.  An  analysis  gave  C,  57.12,  and  H,  4.58;  calculated  for 
CeHeCh:  C,  57.14,  and  H,  4.77  per  cent.  Since  the  compound 
was  not  changed  by  sublimation  while  the  phthalic  acid  would 
yield  the  anhydride,  dimethylmaleic  acid  anhydride  with  a  re¬ 
ported  melting  point  of  96°  and  boiling  point  of  223°  appeared 
the  most  probable  compound.  This  anhydride  was  synthesized 
according  to  Rach  (£)  and  its  melting  and  mixed  melting  point 
showed  the  acidic  material  to  have  been  dimethylmaleic  anhy¬ 
dride.  This  compound  has  since  been  isolated  also  from  straight- 
run  petroleum  acids  from  Signal  Hill,  Calif.,  crudes  (4). 
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was  readily  obtained.  This  method  of  liberation  will  be  referred 
to  hereafter  as  the  phosphoric  acid  method. 

Isolation  of  n- Valeric  Acid.  Analysis  of  the  o-phenylene- 
diamine  as  well  as  the  p-nitrobenzyl  bromide  derivatives  showed 
that  the  heart  cut  of  acid  mentioned  above  was  not  pure  enough 
to  obtain  a  pure  derivative,  but  a  repetition  of  the  silver  salt 
method  yielded  a  main  fraction  that  gave  an  o-phenylenediamine 
derivative  melting  at  153°.  Six  recrystallizations  failed  to  raise 
this  melting  point.  A  mixed  melting  point  with  a  sample  of 
derivative  of  known  n-valeric  acid  also  melted  at  153°.  Analyses 
for  nitrogen:  calculated  for  C11H14N2,  16.08  per  cent;  found, 
16.15  per  cent.  The  analogous  derivative  of  isovaleric  acid  melts 
at  189°.  The  presence  of  n-valeric  acid  is  then  definitely  estab¬ 
lished. 

Isolation  of  Phenol.  When  the  final  filtrate  from  the  silver 
salt  treatment  was  further  acidified  with  hydrochloric  acid  and 
steam-distilled  to  recover  the  acids  from  soluble  silver  salts,  the 
solution  turned  red  and  a  yellow  solid  separated  from  the  distil¬ 
late.  A  melting  and  mixed  melting  point  of  45°  as  well  as  analysis 
of  the  silver  salt  showed  this  to  be  o-nitrophenol.  While  the 
yield  was  less  than  0.5  gram,  the  result  is  interesting  because 
phenol  has  often  been  reported  as  missing  in  petroleum  acids. 

Isolation  of  n-BuTYRic  Acid.  Cut  1,  Table  III,  was  next 
fractionated  by  the  silver  salt  method  and  this  treatment  re¬ 
peated  on  the  heart  cut  to  yield  1 .03  grams  of  acids  recovered  by 
the  phosphoric  acid  technique.  This  fraction  yielded  an  0- 
phenylenediamine  derivative  melting  at  157.5°.  The  mixed 
melting  point  with  a  sample  of  derivative  of  known  n-butyric 
acid  melted  at  158°  while  the  known  derivative  melted  at  158.5°. 
Analyses  for  nitrogen:  calculated  for  CioHi2N2,  17.50  per  cent; 
found,  17.50  per  cent.  The  corresponding  derivative  of  isobutyric 
acid  melts  at  234-235°. 

Since  the  lower  fractions  so  far  studied  seemed  to  be  free  of 
naphthenic  acids,  it  was  decided  to  examine  fraction  6,  Table  I. 
Separation  into  strong  and  weak  acids  by  fractional  neutraliza¬ 
tion  with  potassium  hydroxide  soon  led  to  very  stable  emulsions 
which  were  finally  broken  by  saturation  with  carbon  dioxide  gas. 
This  decreased  the  yield  per  cut  but  eliminated  the  long  settling 
periods.  Finally  3200  cc.  of  acidic  material  with  n- d  values  less 
than  1.48  were  selected  for  further  study  and  were  distilled 
through  a  150-cm.  (5-foot)  marble-filled  column  with  10  to  1  or 
higher  reflux  ratio  at  5-mm.  pressure.  This  procedure  was  re¬ 
peated  four  times  with  combination  of  similar  cuts  as  indicated 
by  density  and  refractive  index. 

Out  of  16  cuts  of  200  cc.  each  finally  obtained,  fractions  5, 
6,  and  7  were  selected  for  detailed  study.  The  constants  of 
these  and  neighboring  cuts  are  shown  in  Table  IV. 


Separation  through  Silver  Salts.  Cadmium,  silver, 
and  lead  salts  have  been  used  in  separating  petroleum  acids 
but  the  usual  technique  of  fractional  precipitation  of  the  silver 
salts  by  adding  silver  nitrate  with  very  thorough  stirring 
to  a  solution  of  ammonium  salts  did  not  yield  pure  organic 
salts.  Through  experiments  on  known  mixtures  of  isovaleric 
and  R-caproic  acids  the  following  technique  was  developed 
and  found  very  satisfactory. 

The  silver  salts  are  fractionally  precipitated  in  the  usual  man¬ 
ner  and  each  cut  is  then  dissolved  in  ammonium  hydroxide. 
Normal  nitric  acid  is  added  from  a  buret  with  a  long  tip  extending 
to  the  bottom  of  the  vessel,  while  the  solution  is  stirred  very 
vigorously  by  a  motor  stirrer  until  a  fraction  of  silver  salts  of  the 
desired  size  has  been  precipitated.  After  filtering  off  this  frac¬ 
tion  another  is  precipitated  and  this  fractionation  is  continued 
until  a  slight  excess  of  nitric  acid  has  been  added.  The  use  of  a 
long  tip  leading  deep  into  the  solution  is  made  necessary  by  the 
fact  that  some  of  the  silver  salts  tend  to  form  a  highly  hydrophobic 
floating  layer.  As  would  be  expected,  only  the  least  soluble  salt 
can  be  obtained  in  a  state  of  purity  in  one  set  of  operations. 
This  method  will  hereafter  be  termed  the  silver  salt  method. 

When  this  technique  was  applied  to  2  cc.  of  cut  5,  Table 
III,  the  silver  content  (determined  very  easily  by  ignition  of 
microsamples  above  and  then  in  an  electric  crucible  furnace) 
indicated  that  no  pure  salt  resulted  from  one  fractionation. 


Table  IV.  Constants  of  Fractions 


Boiling  Point 

«  27 

J  27 

Neutralization 

Fraction 

5  Mm. 

760  Mm. 

nD 

n-d 

Equivalent 

0  C. 

0  C. 

4 

94-95 

236 

1.4507 

0.9555 

1.390 

176 

5 

95-98 

240 

1.4466 

0 . 9499 

1.373 

164 

6 

98 

243 

1 . 4445 

0.9455 

1.365 

159 

7 

98-103 

245 

1 . 4452 

0.9450 

1.365 

159 

8 

103-105 

248 

1.4461 

0.9450 

1.367 

161 

The  results  obtained  on  cuts  5,  6,  and  7  with  a  combination 
of  fractional  distillation  and  the  rotary  extraction  column 
have  already  been  reported.  Figure  5  of  the  previous 
paper  ( 9 )  is  reproduced  as  Figure  2  to  facilitate  discussion  of 
further  results  obtained  on  this  material,  n-d  products  for 
the  19  cuts  indicate  that  Fraction  E  TV  3  is  probably  largely 
phenolic,  that  4  and  5  represent  mixtures,  that  6  to  11  appear 
to  be  almost  purely  aliphatic,  and  12  to  14  mixtures  of  types, 
while  cuts  E  IV  15  and  16  and  E  III  15  to  17  seem  to  be 
naphthenic  mixed  with  a  new  type  of  acid  with  abnormally 
high  n-d  values  combined  with  high  Ka  value  or  solubility. 

To  check  these  predictions  an  exploratory  study  of  this 
series  of  cuts  was  undertaken. 

Study  of  Extraction  Fractions  E  IV  1  to  16  and 
E  III  15  to  17 


When  the  acids  from  the  first  fractions  were  liberated  from  the 
silver  salts  by  mixing  with  an  excess  of  phosphoric  acid  which 
had  been  dehydrated  by  heating  to  180°  at  a  pressure  of  20  mm. 
and  the  organic  acids  then  distilled  off  at  water-pump  vacuum 
with  a  capillary  of  sufficient  capacity  to  help  sweep  the  vapors 
out  of  the  flask  into  the  receiver,  a  main  cut  of  dry  colorless  acids 


Fractions  E  IV  1  to  4.  Since  the  extraction  should  have 
concentrated  the  very  weak  acids  in  the  first  few  cuts  and  since 
the  density  and  index  of  refraction  were  high,  it  was  expected 
that  the  first  four  cuts  would  be  high  in  phenols.  The  total 
volume  was  only  16  cc.  Qualitative  tests  for  sulfur  were  positive 
for  only  1  and  2.  Three  cubic  centimeters  of  methyl  esters  were 
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obtained  when  the  combined  fractions  1  to  4  were  refluxed  with 
an  excess  of  methanol-hydrochloric  acid  mixture.  The  unesteri- 
fiable  portion  was  too  weakly  acidic  to  permit  silver  salt  frac¬ 
tionation  of  possible  tertiary  acids  present  in  this  essentially 
henolic  mixture;  neither  could  crystalline  picrates  of  phenols 
e  isolated. 

Fraction  E  IV  5.  Esterification,  followed  by  fractionation 
of  the  unesterified  25  per  cent  of  material  through  a  90  cm.  (3- 
foot)  X  10  mm.  column  with  rotating  steel  band  as  filling  ( 6 ) 
showed  that  this  portion  still  contained  large  amounts  of  phenolic 
material.  The  esters  were  not  studied  further,  since  they  were 
similar  to  those  obtained  from  subsequent  cuts. 

Fractions  E  IV  6  to  8.  The  combined  fractions  were  esteri- 
fied  and  the  esters  fractionated  through  a  150  X  1.25  cm.  (5 
foot  X  0.5  inch)  Widmer  column  with  rotating  steel  band  as 
filling  to  yield  six  14-cc.  fractions  and  a  20-cc.  residue.  Cuts 
4  5,  and  6  of  this  series  had  d|3  of  0.8682,  0.8683,  0.8683,  and 
n’2D3  of  1.4179,  1.4180,  and  1.4181;  but  in  spite  of  this  apparent 
purity  neither  o-phenylenediamine  derivatives  nor  amides  of 
acids  from  cut  5  assumed  a  constant  melting  point  after  six  or 
more  recrystallizations.  The  material  must  still  be  a  mixture. 
The  constants  indicated  that  aliphatic  acids  predominate  here, 
but  no  further  attempt  was  made  to  isolate  individuals. 


Table  V.  Constants  of  Fraction 


Fraction 

Caprylie 

1 

Acid  (5) 

M.  p. 

15-16 

16 

B.  p. 

237.4 

237.5 

d|° 

0.9116 

0.911 

n2,? 

1 . 4286 

1.4272 

n-d 

1  304 

1.300 

H,  % 

10.98 

11.19  ealed. 

c,  % 

66.68 

66.55 

Fractions  E  IV  10  to  12.  Fraction  E  IV  9  as  a  transition  cut 
was  not  studied,  but  10  to  12  were  combined,  esterified,  purified, 
and  fractionated  by  the  90-cm.  (3-foot)  rotary  column.  Only 
7  per  cent  (8  cc.)  by  volume  of  acids  did  not  esterify.  Five  of 
seven  15-cc.  fractions  of  esters  were  similar  and  were  combined 
and  saponified,  and  the  acids  liberated  and  fractionated.  The 
acids  of  the  first  seven  of  thirteen  5-cc.  cuts  resulting  were  now 
fractionally  precipitated  by  the  silver  salt  method  to  yield 
thirteen  crops  of  silver  salts.  This  process  was  repeated  starting 
with  the  first  four  cuts,  adding  ammonium  hydroxide  and  ali¬ 
quots  of  dilute  nitric  acid  to  get  two  cuts,  then  adding  the  next 
two  cuts  and  repeating  the  fractional  precipitation  until  finally 
all  acids  were  again  in  the  form  of  thirteen  cuts.  The  acids  of  the 
dried  salts  were  then  liberated  in  groups  of  three  and  four  cuts 
by  the  phosphoric  acid  method  in  vacuum.  The  first  three  frac¬ 
tions  of  acids  now  crystallized  readily  on  cooling  and  consisted  of 
almost  pure  caprylie  acid,  as  shown  by  the  constants  of  Table  V. 

The  p-phenylphenacyl  esters  of  fraction  1  and  of  a  known  ca- 
prylic  acid  were  prepared  according  to  Drake  and  Bronitsky  (£) 
and  gave  the  results  shown  in  Table  VI. 

Table  VI.  Constants 

Known  Caprylie 

Fraction  1  Acid  Mixed  M.  P. 

Acid  15-16  14.6-15.8  14.8-16.0 

p-Phenylphenacyl  ester  66 . 6-67 .3  66 . 7-67 .4  66 . 7-67 . 4 

Further  silver  salt  fractionation  of  the  remaining  cuts  of  the 
series  yielded  only  caprylie  acid  with  a  few  cubic  centimeters  of  a 
mixture  of  other  acidic  material.  About  15  cc.  of  a  mixture  from 
which  caprylie  acid  would  not  separate  on  cooling  were  now  mixed 
with  100  cc.  of  a  carefully  purified  mixture  of  neutral  hydrocar¬ 
bons  and  subjected  to  fractionation  by  Bailey’s  “amplified  dis¬ 
tillation”  method  (1).  The  acids  extracted  from  the  first  four  of 
eight  cuts  crystallized  readily  on  cooling  and  proved  to  be  pure 
caprylie  acid  and  only  the  last  cut  of  8  cc.  indicated  by  its  con¬ 
stants  that  it  was  not  practically  purely  aliphatic  in  nature. 

Fractions  E  IV  13  to  16.  Esterification  of  the  combined  cuts 
E  IV  13  to  16  yielded  the  usual  small  amount  of  unesterifiable 
material  and  a  good  yield  of  methyl  esters.  Three  systematic 
fractionations  through  the  rotary  Widmer  column  resulted  now  in 
two  fairly  clear  cut  series  of  cuts  with  n3D3  of  1.4179-1.4190  and 
1.4285-1.4372,  and  dj3  of  0.8788-0.8956  and  0.8983T0.9091 .  The 
first  series  is  obviously  aliphatic;  the  second  contains  acids  with 
higher  constants  but  not  in  high  enough  amount  to  warrant  at¬ 
tempts  to  isolate  individuals.  Since  cuts  15  and  16  should  con¬ 
tain  larger  amounts  of  these  acids,  they  were  studied  next. 

Fractions  E  IV  15  and  16.  Treatment  of  Fractions  E  IV 
15  and  16  in  exactly  the  same  manner  as  13  and  14  yielded  a 
series  of  cuts  with  nY9,  1.4332-1.4430,  and  d*9,  0.9170-0.9284, 
which  places  all  of  these  in  the  range  of  mixtures  rich  in  esters 


with  constants  too  high  for  aliphatic  esters,  but  not  yet  purely 
naphthenic.  If  larger  amounts  had  been  available,  further  frac¬ 
tionation  by  extraction  would  probably  have  yielded  acids  rich 
enough  in  naphthenics  to  permit  isolation  of  individuals. 

Fractions  III  15  to  17.  Fractions  III  15  to  17  were  combined 
and  fractionally  esterified  by  adding  0.83  equivalent  of  methanol 
containing  2  per  cent  dry  hydrogen  chloride  and  refluxing  over¬ 
night.  The  cold  mixture  was  extracted  twice  with  6  per  cent 
sodium  hydroxide  and  finally  with  water.  The  acids  were  liber¬ 
ated,  dried,  and  distilled  while  the  esters  were  saponified,  and 
fractionally  esterified  as  before.  This  series  of  operations  was 
repeated  until  four  cuts  of  acids  were  obtained  with  properties 
shown  in  Table  VII. 


Table  VII.  Properties  of  Acid  Cuts 


Neutralization 

Boiling  Point, 

V  olume 

n  25 

n  D 

d2  7.5 

n-d 

Equivalent 

760  Mm. 

Cc. 

°  C. 

15 

1 . 4625 

1.0051 

1.470 

146.9 

240 

12 

1.4583 

0.9956 

1.452 

146.6 

240 

22 

1.4538 

0.9878 

1.435 

143.9 

240.5 

26 

1.4523 

0.9830 

1.427 

144.8 

241.5 

n- d  values  indicate  that  all  these  cuts  are  well  in  the  naph- 

thenic  acid  range,  although  the  density  for  the  first  cut  at  least 
is  too  high  for  ordinary  naphthenic  acids  of  this  boiling  range. 

Cuts  3  and  4  were  combined  and  fractionated  through  the 
small  rotary  column  to  yield  eleven  cuts  of  4  cc.  each  with  n2v , 
1.4505-1.4578;  d",  0.9788-0.9944;  and  n-d,  1.420-1.450.  The 
first  six  cuts  were  combined  and  fractionally  precipitated  by  the 
silver  salt  method.  The  acids  liberated  from  the  silver  salts  had 
constants  agreeing  very  closely;  so  the  first  four  cuts  were  com¬ 
bined  and  converted  to  the  acyl  chlorides  by  thionyl  chloride. 
The  chlorides  were  then  converted  to  the  amides  by  pouring  them 
into  concentrated  ammonium  hydroxide.  The  amides  were 
recrystallized  from  water  and  then  from  a  petroleum  ether— 
alcohol  mixture.  During  this  process  a  remarkable  rise  in  melt¬ 
ing  point  from  147°  to  220°  occurred  during  seven  systematic 
recrystallizations.  The  only  known  8-carbon  atom  amide  melting 
as  high  as  220°  appears  to  be  that  of  solid  p-hexahydrotoluic  acid 
melting  at  220-221°.  Since  only  a  few  milligrams  of  the  high- 
melting  amide  had  been  obtained,  all  of  the  cuts  of  the  3-4  series 
were  recombined  and  converted  to  amides,  which  were  then  sys¬ 
tematically  recrystallized  to  obtain  larger  amounts  of  the  220-22 1  ° 
amide.  In  this  process  another  amide  melting  at  155-157  °  (prob¬ 
ably  a  meta  isomer)  and  another  melting  at  151-152°,  possibly  a 
“cis”  ortho  isomer,  appeared.  While  only  50  mg.  of  the  220° 
isomer  were  obtained,  about  1  gram  of  each  of  the  lower  ones  has 
been  isolated  but  not  yet  in  entirely  pure  form. 

Attempts  to  prepare  p-hexahydrotoluic  acid  by  hydrogenation 
of  p-toluic  acid  over  Raney  nickel  at  275°  to  350°  C.  and  up  to 
5000  pounds  per  square  inch  failed;  so  the  acid  was  prepared 
from  1 ,4-dimethylcyclohexanol  by  converting  it  to  the  chloride 
and  this  by  the  Grignard  reaction  to  the  acid.  The  yield  from 
alcohol  to  chloride  was  60  per  cent  and  from  chloride  to  acid  was 
90  per  cent.  The  resulting  acidic  material  was  converted  to  the 
acid  chloride  and  to  the  amide  as  before.  Six  recrystallizations 
of  the  amide  yielded  1  gram  of  the  pure  amide  melting  at  219- 
220.8°.  The  isolated  pure  amide  melted  at  220-221°  and  the 
mixed  melting  point  was  220-221°.  Skraup  and  Binder  (10)  re¬ 
port  220-221°.  Analysis  for  nitrogen:  calculated  for  CsHuON, 
9.92  per  cent;  found,  10.03  per  cent. 

As  a  further  check  of  identity  a  few  milligrams  of  each  of  the 
amides  were  hydrolyzed  in  a  sealed  tube  with  25  per  cent  sodium 
hydroxide,  and  the  liberated  acids  recrystallized  twice  from  water. 
The  isolated,  synthetic,  and  mixed  acids  all  melted  at  108-109°, 
whereas  Gutt  (3)  reports  110-111°  on  a  pure  acid. 

Finally  a  micro-Dumas  determination  was  run  on  one  of  the 
amide  fractions  melting  at  155-157°  to  determine  whether  the 
mixture  had  the  same  composition  as  the  isolated  isomer.  Nitro¬ 
gen  determined  was  10.10  per  cent,  while  that  calculated  for 
amides  of  toluic  acids  is  9.92,  so  that  the  mixture  is  apparently 
one  of  the  different  isomers  of  toluic  acid. 

The  naphthenic  acids  with  unusually  high  n- d  values  turn 
out  to  be  hexahydrotoluic  acids,  perhaps  mixed  with  other 
cyclohexyl  acids.  While  formerly  naphthenic  acids  were 
thought  to  consist  of  cyclohexyl  acids,  the  tendency  in  the 
last  decade  has  been  to  assume  that  naphthenic  acids  are 
all  cyclopentyl  acids,  since  only  very  little  indication  of 
cyclohexyl  acids  had  been  obtained  and  none  had  been  iso¬ 
lated.  The  amount  of  the  pure  solid  isomer  of  p-hexahydro- 
toluic  acid  isolated  herein  is  very  small,  but  other  isomers 
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appear  to  be  present  in  larger  amounts  in  this  cut  which  boils 
below  the  boiling  point  of  the  pure  acids,  so  that  more  may 
be  present  in  somewhat  higher  boiling  fractions.  It  should, 
of  course,  be  remembered  that  the  acids  isolated  were  ob¬ 
tained  from  a  mixture  of  straight-run  and  cracking  process 
products,  so  that  the  cyclohexyl  acids  may  have  been  formed 
during  the  cracking  process. 
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Determination  of  Sulfate  by 
Tetrahydroxy  quin  one  Method 

Effect  of  Sodium  Sulfite  and  Procedure  for  Its  Elimination 

H.  LEWIS  KAHLER,  W.  H.  &  L.  D.  Betz,  Philadelphia,  Penna. 


Sulfite,  frequently  used  as  a  chemical  de- 
aerant  in  boiler  water  treatment,  has  some 
effect  on  the  tetrahydroxyquinone  method 
of  sulfate  determination,  and  a  simple 
method  has  been  established  for  its  elimi- 


IN  PREVIOUS  papers  (1-7)  describing  the  tetrahydroxy¬ 
quinone  method  for  sulfate  and  its  modifications,  the 
effects  of  certain  ions  have  been  discussed. 

Since  the  appearance  of  the  first  paper,  considerable  re¬ 
search  has  been  continually  carried  out  to  aid  in  the  execution 
of  this  method. 

The  method  has  been  found  to  be  unaffected  by  silicate, 
tannin,  magnesium,  chloride,  and  calcium  in  concentrations 
occurring  in  natural  and  boiler  waters  (S,  4)-  Phosphate 
interfered  if  the  titration  was  carried  out  at  pH  8.3.  An  al¬ 
ternate  method  was  devised  for  eliminating  the  effect  of 
phosphate  by  adjusting  the  system  to  pH  4.0  before  titration; 
by  this  method  the  tolerance  of  phosphate  was  raised  above 
the  normal  excess  soluble  phosphate  found  in  boiler  waters  (4). 
Aluminum,  zinc,  lead,  copper,  nickel,  ferric  and  ferrous  iron, 
etc.,  form  insoluble  compounds  at  pH  8.3  and  should  be 
filtered  off  before  titration.  The  residual  concentrations  of 
these  metals  after  filtration  gave  only  slight  interference, 
since  their  solubilities  are  very  low  (3-6). 

Sodium  sulfite,  frequently  used  in  boiler  water  treatment 
to  remove  oxygen,  has  been  found  to  offer  some  interference 
and  it  is  the  purpose  of  this  paper  to  define  the  extent  of  the 
interference  and  the  simple  method  devised  for  its  elimination. 

Experimental 

Materials  and  Reagents.  Standard  barium  chloride 
solution:  1  cc.  =  1  mg.  of  sulfate.  Tetrahydroxyquinone  indi¬ 
cator,  manufactured  by  W.  H.  &  L.  D.  Betz,  Philadelphia, 
Penna.,  composed  of  disodium  tetrahydroxyquinone  dispersed 
in  an  organic  medium.  Standard  sodium  sulfate  solutions, 
composed  of  66  and  165  p.  p.  m.  as  sulfate.  Ethyl  alcohol,  de¬ 


nation.  A  rough  correlation  was  found 
to  exist  between  sulfite  present  and  sulfite 
titrated.  Restrictions  and  suggestions  for 
the  tetrahydroxyquinone  method  are  pre¬ 
sented. 


natured  ethyl  alcohol  No.  30  or  3A,  or  isopropyl  alcohol.  An¬ 
hydrous  sodium  sulfite,  c.  p.,  Baker’s. 

In  determining  the  effect  of  residual  sulfite,  a  25-cc.  sample  of 
known  sulfate  concentration  was  treated  with  a  weighed  amount 
of  solid  sodium  sulfite  and  adjusted  to  pH  8.3.  Twenty-five 
cubic  centimeters  of  the  alcohol  were  added  and  the  system  was 
titrated  with  standard  barium  chloride  solution  until  the  indica¬ 
tor  changed  from  yellow  to  red.  Because  of  the  difficulty  in 
maintaining  sulfite  in  solution,  solid  sodium  sulfite  was  added  to 
the  test  system  in  preference  to  a  solution  of  sodium  sulfite.  In 
each  case  the  test  system  was  treated  with  5000  p.  p.  m.  of  manni¬ 
tol  to  help  preserve  the  sulfite  until  the  titration  was  complete. 


Table  I.  Effect  of  Sulfite  on  Sulfate  Titration  bt 
Tetrahydroxyquinone  Method 


Sulfate 

Present 

Sulfate 

Found 

Difference 

Sulfite0 

Introduced 

Sulfite 

Titrated 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m.  SO 4 

% 

66 

64 

-2 

... 

... 

165 

168 

+3 

... 

... 

165 

164 

-1 

... 

66 

80 

+  14 

18 

77.7 

66 

110 

+44 

55 

80.0 

66 

140 

+74 

92 

80.4 

66 

204 

+  138 

168 

82.1 

165 

182 

+  17 

19 

89.5 

165 

200 

+35 

39 

89.7 

165 

232 

+67 

78 

85.9 

165 

296 

+  131 

157 

83.4 

°  Error  in  weighing  and  purity  of  sodium  sulfite  did  not  exceed  2  p.  p.  m.  as- 
SO<. 


The  results  of  these  experiments,  presented  in  Table  I, 
show  that  residual  sulfite  offers  some  interference  with  the 
tetrahydroxyquinone  method.  Approximately  80  to  90  per 
cent  of  the  sulfite  introduced  into  the  system  was  titrated. 
The  effect  of  the  sulfite  is  also  brought  out  in  Figure  1,  which 
shows  it  to  be  linear  throughout  the  range  investigated.. 
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Figure  1 


This  curve  can  be  used  to  give  a  rough  correction  to  the  sul¬ 
fate  analysis,  if  the  sulfite  concentration  is  known,  by  sub¬ 
tracting  the  sulfate  equivalent  to  the  sulfite  from  the  total 
sulfate  concentration  as  determined  by  the  tetrahydroxy- 
quinone  method.  However,  more  accurate  and  rapid  results 
can  be  obtained  by  using  the  procedure  for  sulfite  elimination 
described  below. 

No  correlation  was  found  to  exist  between  the  sulfite 
concentration  remaining  after  the  tetrahydroxyquinone  ti¬ 
tration  and  (1)  the  sulfite  titrated  or  (2)  the  sulfite  untitrated 
by  the  tetrahydroxyquinone  method.  The  residual  sulfite 
after  the  completion  of  the  titration  was  analyzed  by  iodom- 
etry.  These  analyses  exhibited  wide  variance,  making 
results  inconclusive.  This  work  was  carried  out  in  order  to 
throw  some  fight  on  the  mechanism  by  which  the  sulfite  inter¬ 
fered  with  the  sulfate  titration.  It  is  believed  that  two 
mechanisms  occur  simultaneously:  (1)  precipitation  of  bar¬ 
ium  sulfite,  and  (2)  the  oxidation  of  sulfite  to  sulfate,  fol¬ 
lowed  by  precipitation  as  barium  sulfate.  Both  mechanisms 
proceed  in  the  direction  to  give  high  results,  which  is  in  accord 
with  the  experimental  data  presented. 

Table  II.  Results  of  Sulfite  Elimination  Method 

Before  Acid  Treatment  After  Acid  Treatment 


Sulfate 

Sulfite 

Sulfate 

present 

present 

found 

Difference 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

165 

149 

172 

+7 

165 

37 

168 

+3 

165 

92 

170 

+  5 

165 

244 

180 

+  15 

The  following  procedure  was  found  satisfactory  for  elimi¬ 
nating  the  effect  of  the  residual  sulfite. 

Procedure  for  Sulfite  Elimination 

A  25-cc.  (or  25-ml.)  sample  is  treated  with  1.0  cc.  of  approxi¬ 
mately  0.5  N  hydrochloric  acid,  boiled  2  minutes,  cooled,  neutral¬ 
ized  by  sodium  hydroxide  just  to  the  acid  side  of  phenolphthalein, 
treated  with  25  cc.  (or  ml.)  of  ethyl  or  isopropyl  alcohol  and  1 
dipper  of  tetrahydroxyquinone  indicator,  and  titrated  in  the 
usual  manner.  The  hydrochloric  acid  treatment  liberates  the 


sulfur  dioxide,  which  escapes  during  boiling.  The  evaporation 
is  so  small  during  this  short  time  of  boiling  that  no  volume  ad¬ 
justment  is  necessary. 

The  experimental  results  are  presented  in  Table  II  and 
show  that  the  method  was  successful  in  eliminating  even  very 
high  amounts  of  sulfite.  The  first  and  last  experiments  gave 
high  sulfate  results,  owing  to  the  small  conversion  of  sulfite 
to  sulfate  before  the  acid  completely  liberated  the  sulfur 
dioxide.  Mannitol  was  used  to  keep  the  sulfite  from  reverting 
to  sulfate,  but,  although  very  helpful,  is  not  able  totally  to 
preserve  the  sulfite.  Where  residual  sulfite  was  present  in 
concentrations  which  are  normally  carried  in  boiler  waters — 
namely,  30  to  50  p.  p.  m. — there  was  less  chance  for  the  sulfite 
to  revert  to  sulfate  before  elimination,  and  normal  results 
were  obtained. 

Suggestions 

Titration  Assembly.  A  small  table  with  a  white  surface 
should  be  used  and  the  titration  flask  illuminated  by  a  50-watt 
bulb  from  either  side  or  behind. 

Sharpening  of  End  Point.  The  end  point  is  sharpened  by 
adding  small  amounts  of  silver  nitrate:  1  cc.  of  0.1  N  (approxi¬ 
mate)  solution  when  chlorides  are  low  in  concentration,  or  2  to  3  cc. 
(or  ml.)  when  chlorides  are  high  in  concentration.  The  chlorides 
present  must  always  have  greater  equivalent  concentration  than 
the  silver  nitrate  added;  otherwise  a  silver  salt  of  tetrahydroxy¬ 
quinone  is  formed  which  has  an  intense  cherry  color.  When  this 
develops,  the  titration  must  be  repeated  with  less  silver  nitrate. 

Titration  Limits  of  Barium  Chloride.  The  most  distinct 
end  point  is  obtained  when  the  volume  of  barium  chloride  is 
restricted  to  a  maximum  of  10  cc.  Titrations  requiring  more 
barium  chloride  should  be  carried  out  with  a  smaller  sample  diluted 
to  25  cc.  with  distilled  water.*  A  strength  of  barium  chloride 
between  1  and  4  mg.  of  sulfate  per  cc.  gives  the  best  end  points. 

Neutralization  of  Sample.  In  order  to  maintain  as  nearly 
as  possible  the  1  to  1  alcohol-water  ratio,  it  is  suggested  that  ex¬ 
tremely  alkaline  boiler  waters  be  roughly  neutralized  with  1  N 
hydrochloric  acid,  followed  by  0.02  N  hydrochloric  acid  or  sodium 
hydroxide  to  the  desired  pH. 

Elimination  of  Effect  of  Phosphate.  Phosphate  tolerance 
can  be  raised  to  150  p.  p.  m.  as  phosphate  by  diluting  a  10-cc. 
sample  to  25  cc.,  followed  by  neutralization  to  the  yellow  range  of 
bromocresol  green  indicator. 

Sulfate  Range.  The  most  satisfactory  results  with  this 
method  are  obtained  with  a  25-cc.  sample  containing  0.2  to  25 
mg.  of  sulfate  (8  to  1000  p.  p.  m.).  The  sample  should  be  diluted 
or  concentrated  to  this  range.  Higher  sulfate  content  can  be  de¬ 
termined,  but  the  end  point  of  the  titration  is  not  so  sharp  be¬ 
cause  of  increase  of  barium  sulfate  by  precipitation  in  the  system. 

Conclusions 

The  presence  of  residual  sulfite  in  feed  and  boiler  waters  in¬ 
terferes  with  the  tetrahydroxyquinone  method  for  the  de¬ 
termination  of  sulfate.  Approximately  80  to  90  per  cent  of 
the  sulfite  present  titrates,  giving  high  sulfate  results.  Sulfite 
may  be  simply  and  quickly  eliminated  by  the  method  here 
presented. 
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Cerate  Oxidimetry 
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PREVIOUS  contributions  on  cerate  oxidimetry  ( 2 ,  3)  have 
pointed  out  means  through  which  the  applications  of 
tetravalent  cerium  in  volumetric  analysis  can  be  greatly  ex¬ 
tended.  It  has  been  shown  that  the  formal  oxidation  poten¬ 
tials  of  the  ceric-cerous  systems  in  hydrochloric,  sulfuric, 
nitric,  and  perchloric  acid  media  increase  pronouncedly  over 
the  range  1.28,  1.44,  1.61,  and  1.70  volts,  respectively.  In 
order  to  take  advantage  of  the  increased  oxidation  potential 
in  the  latter  two  cases,  a  simple  procedure  is  desired  for  mak¬ 
ing  available  the  solutions  of  tetravalent  cerium  required. 
It  is  the  purpose  of  the  present  work  to  describe  such  a  method. 

Theoretical  Considerations 

The  electrolytic  oxidation  of  trivalent  to  tetravalent  cerium 
has  been  described  by  Hengstenberger  (I).  Following  this 
procedure,  a  diaphragm  cell  using  a  platinum  anode  and 
cathode  was  employed.  The  use  of  a  diaphragm  cell  is  a 
prerequisite  if  tetravalent  cerium  is  assumed  to  exist  in  solu¬ 
tion  as  a  cation.  However,  with  the  knowledge  that  tetra¬ 
valent  cerium  exists  in  solution  primarily  as  an  anion  ( 2 ),  a 
number  of  new  conditions  might  be  logically  expected  to  pre¬ 
vail  during  electrolytic  oxidation: 

1.  That  a  diaphragm  cell  would  not  be  required.  This  would 
naturally  result  from  the  fact  that  the  cathode  would  be  expected 
to  repel  anions.  (Hydrochloric  acid  solutions  of  cerous  chloride 
are  excluded.) 

2.  That  the  current  efficiency  and  degree  of  completion  of  the 
oxidation  would  depend  upon  the  extent  to  which  a  stable  com¬ 
plex  cerate  ion  is  formed.  The  higher  the  complexity  of  tetra¬ 
valent  cerium  as  the  Ce(S04)3  ,  Ce(N03)6  ,  and  Ce(C10.|)6 

anions,  the  higher  the  current  efficiency  and  the  completion  of  the 
oxidation  would  be. 

3.  That  the  ratio  in  surface  area  of  the  anode  with  respect  to 
the  cathode  should  be  large  to  favor  increased  efficiency  and 
completion  of  oxidation. 

4.  That  side  reactions  might  be  predicted  at  the  cathode  in 
the  oxidation  of  cerous  nitrate  to  the  nitrato  cerate  anion.  This 
effect  might  be  expected  because  of  the  possibility  of  reduction  of 
the  nitrate  ion  to  the  ammonium  ion. 

5.  That  the  influence  of  the  acid  concentration  on  the  com¬ 
pleteness  of  oxidation  should  be  small  except  in  the  oxidation  of 
cerous  perchlorate.  This  would  be  predicted  from  the  findings 
of  Smith  and  Getz  (2). 

In  the  following  work  these  assumptions  are  shown  to  be 
justified  by  experiment. 

Apparatus  Employed 

The  apparatus  employed  is  not  described  or  illustrated  be¬ 
cause  an  electrolytic  cell  without  diaphragm  is  simple  in  con¬ 
struction.  The  electrolyte  in  all  cases  was  2  to  3  liters  in 
volume  in  3-  or  4-liter  beakers. 

Electrodes 

Two  types  of  anodes  were  employed,  plain  surface  sheet  plati¬ 
num  (Type  A)  and  cylindrical  platinum  gauze  (Type  B).  The 
former  were  10.2  cm.  square,  the  lower  half  of  foil  0.127  mm.  thick, 
and  the  upper  half  of  sheet  0.25  mm.  thick.  Welded  to  the  top 
of  each  such  anode  was  a  lead-in  band  12.7  mm.  wide,  50  mm.  long, 
and  0.75  mm.  thick.  Two  electrodes  were  bent  to  form  half 
cylinders  and  mounted  side  by  side  to  form  a  complete  cylinder 


Table  I.  Platinum  Electrode  Specifications 
Electrode 

designation  Anode  A  Anode  B  Cathode  C  Cathode  D  Cathode  E 
Electrode  type  Sheet  Gauze  Wire  Foil  Sheet 

Surface,  sq.  cm.  207  935  4.75  12  207 


10.2  cm.  tall  and  6.0  cm.  in  diameter.  Each  electrode  weighed 
approximately  57  grams  and  had  207  sq.  cm.  of  contact  surface. 

Type  B  anodes  were  76  mm.  in  diameter  and  152  mm.  tall, 
made  of  wire  0.21  mm.  in  diameter,  18  meshes  per  centimeter. 
Two  lead-in  wires  90  mm.  long  and  2.5  mm.  in  diameter  were 
welded  to  two  of  the  four  vertical  ribs.  Each  such  anode  weighed 
approximately  142  grams  and  had  a  surface  area  calculated  to  be 
935  sq.  cm. 

Three  types  of  platinum  cathodes  were  employed.  Type  C 
were  152-mm.  lengths  of  wire,  1  mm.  in  diameter,  giving  an  area 
of  4.75  sq.  cm.  Type  D  were  152-mm.  lengths  of  platinum  foil, 
0.127  mm.  thick  and  8  mm.  wide,  having  an  area  of  12  sq.  cm. 
Type  E  were  the  same  as  type  A  anodes. 


Table  II.  Electrolytic  Oxidation  of  Cerous  Sulfate  and 
Cerous  Nitrate 
(Cathode  B,  anode  C) 


Oxida¬ 

Oxida¬ 

Time 

tion 

Time 

tion 

Coulombs 

X 

Coulombs  X 

Min . 

10-3 

% 

Min. 

10~  3 

% 

.2525  mole  of  Ces(S04)a.8H20  suspended  in  2000  ml.  of  1.5  molar 

EBSO.,  at 

3.5  to  3.2  volts  and  10  amperes 

15 

9 

9.7 

135 

81 

84.9 

30 

18 

20.7 

150 

90 

92.9 

45 

27 

29.3 

165 

99 

97.0 

60 

36 

38.5 

180 

108 

98.6 

75 

45 

48.9 

200 

120 

99.3 

90 

54 

58.5 

215 

129 

99.5 

106 

63.6 

68.3 

230 

138 

99.9 

120 

72 

76.4 

250 

150 

100.2 

.5116  mole  of  Ce(N03)3  in  2000  ml.  of  2.0  molar  HNO3,  at  3.5  to  3.2  volts 

and  9 

amperes 

15 

8.1 

7.3 

150 

81.0 

72.1 

30 

16.2 

12.8 

165 

89.1 

75.6 

45 

24.3 

21.2 

180 

97.2 

86.5 

60 

32.4 

29.0 

195 

105.3 

93.4 

75 

40.5 

35.1 

210 

113.4 

97.8 

90 

48.6 

42.7 

225 

121.5 

98.8 

105 

56.7 

50.0 

240 

129.6 

99.2 

120 

64.8 

57.0 

270 

137.7 

99.5 

135 

72.9 

64.7 

287 

155 

99.7 

Preparation  of  Solutions 

Ceric  oxide  free  from  thorium  and  containing  approximately  40 
per  cent  Ce02  was  converted  to  hexanitrato  ammonium  cerate, 
(NH4)2Ce(N03)6,  by  the  process  described  by  Smith,  Sullivan,  and 
Frank  (4)  except  that  the  final  crystallization  was  omitted.  This 
resulted  in  the  preparation  of  a  starting  material  of  98  to  99.5  per 
cent  purity,  the  remainder  consisting  of  rare  earths  of  the  cerium 
group  except  thorium.  A  gram  molecule  of  the  complex  nitrate 
was  dissolved  in  dilute  nitric  acid  and  reduced,  using  a  slight  ex¬ 
cess  of  100-volume  hydrogen  peroxide.  Hydrochloric  acid  was 
then  added,  as  well  as  nitric  acid,  followed  by  gentle  boiling  until 
ammonium  salts  were  decomposed.  Finally  the  mixture  was 
evaporated  with  excess  nitric  acid  to  give  cerous  nitrate  contain¬ 
ing  but  small  amounts  of  excess  nitric  acid.  For  the  oxidation  of 
cerous  nitrate,  Ce(N03)3,  to  nitrato  ceric  acid,  H2Ce(N03)6,  a 
definite  amount  of  nitric  acid  was  added  with  dilution  to  the  proper 
volume. 

Cerous  perchlorate  was  prepared  from  known  amounts  of 
cerous  nitrate,  obtained  as  described  above.  After  the  addition 
of  known  amounts  of  72  per  cent  perchloric  acid  and  evaporation 
to  strong  fumes  to  remove  nitric  acid,  the  resulting  product  was 
ready  for  dilution  to  volume  and  electrolytic  oxidation. 

Cerous  sulfate  octahydrate,  Ce2(S04)3.8H20,  was  prepared  from 
cerous  nitrate  obtained  as  described  above.  An  excess  of  sulfuric 
acid  was  added  to  a  hot  solution  of  cerous  nitrate  in  water  and  the 
resulting  product  was  filtered,  using  a  fritted-glass  filtering  funnel. 
The  product  thus  obtained  was  washed  with  hot  water  and  dried 
at  110°  C.  Weighed  quantities  of  this  product  were  suspended  in 
sulfuric  acid  of  known  strength  and  were  oxidized  electrolytically. 

Cerous  sulfate  solutions  were  also  made  by  dissolving  anhydrous 
ceric  sulfate  in  a  known  amount  of  sulfuric  acid  which  had  been 
diluted  to  approximately  the  desired  volume,  and  adding  100- 
volume  hydrogen  peroxide  to  reduce  the  cerium,  followed  by  dilu¬ 
tion  to  the  proper  volume  for  electrolytic  oxidation. 
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Table  III.  Electrolytic  Oxidation  of  Cerous  Sulfate,  Nitrate,  and  Perchlorate  in  Sulfuric,  Nitric,  and  Perchloric 

Acid  Solution 

(Cell  terminal  voltage  3.5  to  3.2  volts) 


Oxida- 

Type  of 

Current 

Final 

Final 

Required  for 

tion 

Electrode 

Density 

Oxidation, 

Norm. 

80%  Oxidation 

No. 

Composition  of  Electrolyte  Anode 

Cathode 

Anode 

Cathode 

%  Complete 

Ce++++ 

Theoretical 

Found 

Amps./sq.  inch 

Coulombs 

1 

0.0457  M  Ces(S04)a  in  1  M  H2S04 

A 

E 

0.312 

0.312 

60.6 

0.0593 

2 

0.0508  M  Ces(S04)i  in  2  M  H2S04 

A 

E 

0.312 

0.312 

68.5 

0.0696 

3 

0.0522  M  Ces(S04)i  in  3  M  H2S04 

A 

E 

0.312 

0.312 

59.8 

0.0623 

4 

0.0484  M  Ce2(S04)3  in  2  M  H2S04 

B 

D 

0.069 

2.66 

99.4 

0.0963 

217,500 

242,500 

5 

0.306  M  Ce2(S01)a  in  0.882  M  H2S04 

B 

D 

0.069 

2.66 

97.4 

0.5970 

156,000 

163,000 

6 

0.2526  M  CeaCSOda  in  1.5  M  H2S04 

B 

C 

0.069 

6.67 

100.0 

0.5051 

76,000 

76,500 

7 

0. 1216  M  Ce(C104)s  in  1 . 0  M  HC104 

A 

E 

0.312 

0.312 

36.9 

0.0448 

8 

0.361  M  Ce(C104)a  in  1.0  M  HC104 

B 

D 

0.069 

2.66 

89.8 

0.3241 

50,000 

70,000 

9 

0 . 1238  M  Ce(C104)s  in  1 . 0  M  HC104  and  5 . 0  M  NaCICh 

A 

E 

0.312 

0.312 

91.4 

0.1131 

17,500 

35,500 

10 

0.1238  M  Ce(C104)j  in  0.5  M  HC104  and  5.5  M  NaC104 

A 

E 

0.312 

0.312 

99.2 

0.1228 

. 

11 

0.406  M  Ce(C104)a  in  1.0  M  HCICh 

B 

C 

0.069 

6.67 

87.5 

0.3555 

53,500 

95’,000 

12 

0.522  M  Ce(C104)3  in  6.0  M  HC104 

B 

C 

0.069 

6.67 

98.9 

0 . 5087 

78,500 

81,000 

13 

0.1036  M  Ce(N03)3  in  2.0  M  HNOs 

A 

E 

0.312 

0.312 

60.7 

0.0629 

14 

0.510  M  Ce(N03)3  in  2.0  M  HNOs 

B 

C 

0.069 

6.67 

99.7 

0.5087 

76,000 

90,000 

15 

0 . 0475  M  CeRSOds  in  2 . 0  M  H2S04 

A 

E 

0.312 

0.312 

70.8 

0.0672 

If  ammonium  salts  are  not  objectionable,  a  procedure  compar¬ 
able  to  that  last  given  may  be  employed  in  the  preparation  of 
cerous  nitrate-ammonium  nitrate-nitric  acid  solutions  for 
electrolysis. 

Analysis  of  Solutions 

The  solutions  during  electrolysis  were  sampled  at  frequent 
intervals,  generally  every  15  minutes.  A  5-ml.  sample  was 
withdrawn  with  a  pipet,  transferred  to  a  250-ml.  beaker,  and 
diluted  to  100  ml.  with  1  to  10  sulfuric  acid.  These  samples  were 
titrated,  using  0.1  A  ferrous  sulfate  with  ferroin  as  indicator. 
The  total  concentration  of  cerium  present  was  determined  follow¬ 
ing  complete  oxidation  by  ammonium  persulfate,  using  the 
method  of  Willard  and  Young  (5).  The  total  volume  thus  with¬ 
drawn  from  the  cell  (50  to  100  ml.)  was  small  in  comparison  to  the 
total  volume  present  (2000  to  3000  ml.).  Half  the  volume  of 
sampling  solution  was  deducted  from  the  total  starting  volume 
of  solution  oxidized  in  the  calculation  of  the  theoretical  coulombs 
required. 

Substantiation  of  Preliminary  Assumptions 

Of  the  five  conditions  governing  the  control  of  experi¬ 
mentally  variable  factors,  the  first — that  a  diaphragm  cell 
would  not  be  required — was  easily  demonstrated  in  the  case 
of  the  oxidation  of  cerous  sulfate,  nitrate,  and  perchlorate  in 
their  corresponding  acid  solutions.  A  hydrochloric  acid 
solution  of  cerous  chloride,  however,  was  not  correspondingly 
oxidized  at  an  acid  concentration  1  molar  or  above.  Refer¬ 
ring  to  the  work  of  Smith  and  Getz  {2),  it  was  thought  that 
the  second  condition  would  be  most  strikingly  substantiated 
by  studying  the  oxidation  under  similar  conditions  of  cerous 
sulfate,  nitrate,  and  perchlorate  in  their  corresponding  2  M 
acid  solutions.  This  was  accomplished  as  shown  by  the  re¬ 
sults  given  for  oxidations  1,  7,  and  9  of  Table  III.  The  third 
and  fourth  conditions  were  substantiated  by  the  results  of 
oxidations  13  and  14.  In  these  cases  gassing  at  the  cathode 
or  anode  was  slight  or  absent  entirely.  The  finished  solutions 
gave  a  conclusive  test  for  the  presence  of  the  ammonium  ion. 
In  experiment  12  at  the  end  of  the  oxidation  a  considerable 
evolution  of  ozone  was  evident  at  the  anode.  The  fifth  condi¬ 
tion  was  substantiated  in  experiments  9,  10,  and  12. 

Tabulation  of  Experimental  Results 

The  results  of  typical  oxidations  are  given  in  Table  II  in 
the  case  of  cerous  sulfate  and  cerous  nitrate.  The  other  re¬ 
sults  are  omitted  in  order  to  conserve  space.  The  remaining 
data  are  given  in  Table  III. 

Substitutes  for  Platinum  as  Electrode  Materials 

Graphite  may  be  substituted  for  platinum  as  electrode  ma¬ 
terial.  Lead  dioxide  electrodes  may  be  used  as  anodes  and 
lead  may  be  used  as  cathodes,  if  removed  when  oxidation  is 
complete  to  prevent  their  solution  in  nitric  or  perchloric  acid 
solutions. 


Results  Attained 

The  most  important  conclusion  of  this  investigation  is  that 
the  former  study  of  electrode  potentials  of  the  cerate-cerous 
system  (2)  was  correctly  interpreted  in  the  establishment  of 
a  cerate-ion  concept.  A  convenient  laboratory  method  for 
preparation  of  the  various  complex  cerates  has  been  developed. 
A  satisfactory  procedure  for  preparation  of  hexaperchlorato 
ceric  acid,  H2Ce(C104)6,  has  been  provided  for  the  first  time, 
as  well  as  a  convenient  procedure  for  the  regeneration  of  spent 
solutions  of  cerous  salts.  The  current  efficiency  is  nearly 
theoretical  under  the  most  favorable  conditions  up  to  80  per 
cent  total  oxidation.  The  logarithmic  variables  [Ce(S04)3  ]/ 

[Ce+++][S04  ]3,  [Ce(N03)6— ]/[Ce+++][N03-]6,  and  [Ce- 

(C104)6 — ]/[Ce+++][C104“]6,  proposed  by  Smith  and  Getz 
(2)  for  application  to  the  Nernst  expression  for  calculating  elec¬ 
trode  potentials  when  applied  to  these  systems,  have  been 
shown  to  be  valid,  at  least  in  a  qualitative  sense. 

The  conditions  under  which  cerous  sulfate,  nitrate,  and  per¬ 
chlorate  may  be  oxidized  electrolytically  without  the  use  of 
a  diaphragm  cell  to  form  sulfato,  nitrato,  and  perchlorato  ceric 
acids,  H2Ce(S04)3,  H2Ce(N03)6,  and  H2Ce(C104)6,  have  been 
described. 

Anode  materials  may  be  either  platinum,  lead  dioxide,  or 
graphite,  and  cathodes  may  be  of  platinum  or  lead. 

A  study  has  been  made  of  the  effect  of  variations  in  anode 
and  cathode  current  densities  and  the  potential  employed 
upon  the  current  efficiency  and  the  completion  of  the  oxida¬ 
tion. 

The  current  efficiency  for  complete  oxidation  of  cerous  sul¬ 
fate  in  sulfuric  acid  solution  was  found  to  be  74.1  per  cent; 
for  80  per  cent  oxidation,  99.35  per  cent. 

The  current  efficiency  in  the  oxidation  of  nitric  and  per¬ 
chloric  acid  solutions  of  cerous  nitrate  and  perchlorate  for  80 
per  cent  oxidation  was  found  to  be  84.4  and  56.3  per  cent,  re¬ 
spectively,  in  2.0  molar  nitric  and  1.0  molar  perchloric  acid 
solution.  Cerous  perchlorate  in  6.0  molar  perchloric  acid  can 
be  oxidized  to  80  per  cent  completion  with  a  current  efficiency 
of  96.9  per  cent. 

The  cerate-ion  concept  previously  proposed  (3)  has  been 
further  substantiated  and  all  predictions  based  upon  this 
concept  which  govern  electrolytic  oxidations  of  cerium  have 
been  experimentally  realized  in  the  present  work. 
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Silicomolybdate  Method  for  Silica 
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THE  present  research  represents  an  effort  to  standardize 
a  colorimetric  procedure  for  the  rapid  determination  of 
small  quantities  and  the  detection  of  minute  changes  in  the 
concentration  of  dissolved  silica  in  natural  waters  of  very  low 
phosphate  content. 

A  preliminary  study  indicated  that  two  general  procedures 
were  available.  The  method  of  Dienert  and  Wandenbulcke 
(4)  takes  advantage  of  the  yellow  silicomolybdate  color  pro¬ 
duced  when  ammonium  molybdate  reacts  in  acid  medium 
with  dissolved  silica.  Isaacs’  method  (7)  attempts  to  extend 
the  sensitivity  of  this  reaction  by  reducing  the  molybdenum 
in  the  silicomolybdate  complex  to  the  relatively  intense  molyb¬ 
denum  blue  color. 


Figure  1 


Phosphate  interferes  with  both  methods  (12)  but  to  a 
greater  extent  in  the  reduction  method.  Other  serious  ob¬ 
jections  to  the  reduction  method  are  interference  due  to  iron 
or  other  reducing  agents  and  the  instability  of  the  blue  color 
(3).  Although  modifications  of  Isaacs’  procedure  have  been 
proposed  to  eliminate  interference  due  to  phosphates  ( 1 ,  5), 
the  other  objections  remain. 

The  procedure  of  Dienert  and  Wandenbulcke  was  se¬ 
lected  for  this  investigation  because  it  was  simple  and  rapid. 
The  authors  hoped  to  increase  its  sensitivity  as  well  as  its 
precision  by  a  critical  examination  of  the  conditions  surround¬ 
ing  the  development  of  the  color  and  by  an  improvementjn 
the  method  of  measuring  the  color. 

Equipment 

The  following  special  equipment  was  used:  a  pH  electrometer, 
a  Duboscq  colorimeter,  matched  Nessler  tubes,  a  Cenco-Sanford- 


Sheard  photelometer,  an  Evelyn  photoelectric  colorimeter,  and  a 
specially  designed  thermopile-type  spectrophotometer  employing 
a  continuous  light  source  (8). 

Reaction 

That  the  ratio  of  silica  to  molybdenum  trioxide  is  1  to  12  in 
the  simple  reaction  between  ammonium  molybdate  and  so¬ 
dium  silicate  has  been  established  for  some  time.  However, 
it  was  necessary  to  show  that  this  relationship  is  constant  over 
the  entire  range  of  concentrations  studied.  Known  amounts 
of  ammonium  molybdate  were  added  to  solutions  containing 
an  excess  of  dissolved  silica  and  after  acidification  and  de¬ 
velopment  of  maximum  color,  measurement  of  the  intensity 
of  the  color  produced  showed  the  amount  of  silica  which  re¬ 
acted.  Data  for  several  concentrations  are  plotted  in  Figure 
1.  A  straight  fine  is  obtained  which  extrapolates  to  the  ori¬ 
gin.  The  slope  of  the  line  is  almost  precisely  y]2,  indicating 
that  the  mole  ratio  is  1  Si02/12  M0O3  for  the  concentrations 
studied. 

Effect  of  Molybdate  Concentration,  Acidity, 
and  Time 

Molybdate  Concentration.  It  was  recognized  early  in 
this  investigation  that  although  ammonium  molybdate  in 
molecular  concentration  twelve  times  that  of  the  silica  would 
suffice  for  the  color  reaction,  a  certain  excess  is  desirable  in 
order  to  reduce  materially  the  time  required  for  maximum 
color  development. 

Using  the  photelometer  to  detect  intensity  of  color  and 
allowing  no  more  than  10  minutes  for  color  development,  the 
following  study  was  made. 


Figure  2 
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Six  or  more  samples  of  the  same  concentration  of  dissolved 
silica  were  poured  into  sample  tubes  and  a  known  amount  of  ex¬ 
actly  10  per  cent  ammonium  molybdate  solution  was  added  to 
each.  Ten  minutes  after  acidification  and  dilution  to  100  ml.  the 
intensity  of  color  of  each  sample  was  measured  with  the  photel- 
ometer  and  the  minimum  concentration  of  molybdate  necessary 
for  full  color  development  within  the  10-minute  period  was  re¬ 
corded.  This  procedure  was  repeated  for  several  different  con¬ 
centrations  of  dissolved  silica. 

The  data  are  plotted  in  Figure  2,  where  the  minimum 
molybdate  concentration  required  for  full  color  development 
within  10  minutes  is  plotted  against  the  concentration  of  dis¬ 
solved  silica.  It  is  apparent  that  the  amount  of  molybdate 
required  is  a  straight-line  function  of  the  silica  concentration. 
By  extrapolating  the  curve  to  0  p.  p.  m.  of  silica,  one  can  de¬ 
termine  the  excess  of  molybdate  that  is  required  for  the  maxi¬ 
mum  color  development  within  10  minutes. 

This  excess  is  found  to  be  0.32  ml.  of  10  per  cent  ammonium 
molybdate  solution  in  100  ml.  of  sample,  or  0.0036  mole  per 
liter  of  molybdenum  trioxide.  A  greater  excess  does  not 
appreciably  shorten  the  time  required  for  full  color  develop¬ 
ment.  A  large  excess  is  to  be  avoided  because  the  color  is 
less  stable.  In  actual  practice,  2  ml.  of  10  per  cent  ammonium 
molybdate  solution  per  100  ml.  of  sample  were  found  most 
satisfactory  for  concentrations  of  silica  as  high  as  50  p.  p.  m. 


Acidity.  Previous  authors  have  reported  that  acidity  has 
an  important  influence  on  color  development  ( 6 ,  12,  15),  not 
only  with  respect  to  the  intensity  of  the  color  but  also  the  rate 
of  color  development  and  color  decay. 

Three  concentrations  of  dissolved  silica  solutions  were  selected 
for  this  study :  50,  20,  and  5  p.  p.  m.  A  series  of  100-ml.  sample 
tubes  was  filled  with  silica  samples,  all  of  the  same  concentration, 
and  treated  with  2  ml.  of  10  per  cent  molybdate  solution.  Vary¬ 
ing  amounts  of  acid  were  added  to  give  a  series  of  solutions  of 


decreasing  pH.  At  5  and  10  minutes  after  the  acidification,  the 
color  development  was  noted  on  the  photelometer.  Such  a  series 
was  repeated  several  times  for  each  of  the  three  concentrations  of 
silica  mentioned  above. 

The  results  are  illustrated  graphically  in  Figures  3  and  4, 
5  and  10  minutes,  respectively,  being  allowed  for  color  de¬ 
velopment.  In  each  figure  the  per  cent  relative  deflection  of 
the  photelometer  is  plotted  against  pH,  which  is  equivalent  to 
plotting  the  per  cent  of  theoretical  color  development  against 
pH.  Figures  3  and  4  indicate  that  the  pH  limit  for  maximum 
color  development  for  small  amounts  of  silica  is  1.6  to  2.0. 


1.0  2.0  pH  3.0  4.0 


Figure  4 

The  effect  of  increased  time  for  color  development  is  to 
broaden  the  pH  range  for  higher  concentrations  of  silica,  but 
for  5  p.  p.  m.  of  silica  this  effect  is  hardly  noticed.  It  is  evident 
that  great  precautions  must  be  taken  to  ensure  proper  ad¬ 
justment  of  pH  for  measurements  of  small  amounts  of  silica. 
Whereas  the  adjustment  is  less  critical  for  higher  concentra¬ 
tions  of  silica,  the  color  development  falls  off  rapidly  on  either 
side  of  the  optimum  pH  range  and  care  should  be  taken  to 
operate  within  the  proper  limits.  Several  buffer  systems  were 
investigated,  but  in  general  it  was  found  more  convenient  and 
reliable  to  add  a  predetermined  amount  of  free  acid  to  the 
sample  in  order  to  produce  the  proper  pH. 

Instead  of  using  several  drops  of  concentrated  acid  as  rec- 
commended  in  many  procedures  (4, 9, 10,11, 13, 15),  it  is  sug¬ 
gested  that  a  larger  volume  of  dilute  aeid  be  used.  One 
milliliter  of  4  A  sulfuric  acid  gave  the  desired  pH  for  samples 
of  natural  waters  in  this  investigation. 

Time.  Under  the  proposed  procedure  and  within  the  limits 
of  concentration  used,  it  was  found  that  the  maximum  color 
developed  within  10  minutes  and  remained  unchanged  for 
at  least  0.5  hour. 
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Typical  Results 
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Procedure 

To  a  100-ml.  sample,  add  2  ml.  of  a  10  per  cent  ammonium 
molybdate  solution.  Mix  and  immediately  acidify  to  a  pH  of  1.6 
to  2.0  (the  authors  used  1  ml.  of  4  N  sulfuric  acid).  The  amount 
of  acid  needed  should  be  predetermined  from  pH  measurements  of 
the  original  sample.  (It  is  important  that  the  acid  be  added  im¬ 
mediately  following  the  addition  of  ammonium  molybdate.  If 
there  is  more  than  a  minute’s  delay,  the  time  required  for  full 
color  development  is  appreciably  increased.)  After  10  minutes, 
compare  with  standards  or  read  in  a  photometer  from  which  a 
standard  calibration  has  been  made. 

Standards 

Picric  acid  (9-11),  potassium  chromate  (2),  and  buffered 
potassium  chromate  (14)  have  been  suggested  as  permanent 
standards  for  the  silicomolybdate  procedure.  Spectrometric 
studies  made  in  this  laboratory  support  the  conclusions  of 
Swank  and  Mellon.  The  authors  strongly  recommend  the 
use  of  buffered  chromate  according  to  their  procedure. 

Photoelectric  Measurements 

Both  the  Cenco  photelometer  and  the  Evelyn  photoelectric 
colorimeter  were  used  in  this  study.  The  important  feature 
was  the  selection  of  the  proper  filters.  In  general,  it  is  not 
desirable  to  select  a  filter  by  rule  of  thumb.  A  spectrophoto- 
metric  study  of  the  color  in  question  should  be  made  and  a 
filter  selected  which  transmits  a  maximum  amount  of  fight 


in  the  spectral  region  where  the  colored  solu¬ 
tion  is  absorbing  the  maximum.  Dilute  solu¬ 
tions  of  silicomolybdate  absorb  strongly  only 
at  wave  lengths  shorter  than  4500  A.  The 
Cenco  No.  1  blue  filter  transmits  fight  of  con¬ 
siderably  longer  wave  length  and  is  not  particu¬ 
larly  satisfactory  for  dilute  solutions,  though 
it  is  satisfactory  for  high  concentrations  of 
silica.  The  Corning  No.  511  blue  filterohas  a 
maximum  transmission  at  about  4100  A.  and 
accommodates  the  silicomolybdate  color  very 
well.  Figure  5  shows  the  calibration  for  these 
two  filters  in  the  Cenco  photelometer.  The  in¬ 
creased  sensitivity  of  the  Corning  No.  511 
ranges  from  40  to  50  per  cent  when  calculated 
from  the  slopes  of  the  curves. 

The  Evelyn  colorimeter  is  equipped  with 
the  Evelyn  No.  420  blue  filter,  which  has  al¬ 
most  the  same  transmission  characteristics  as  the 
Corning  No.  511.  Thus  an  interesting  compari¬ 
son  was  made  between  the  two  instruments. 
Figure  6  shows  the  calibration  curves.  Whereas 
the  Evelyn  appears  more  sensitive  (more  units 
deflection  per  p.  p.  m.  of  silica),  the  path  lengths 
of  fight  in  the  two  instruments  differ.  In  the  Cenco  a  10-mm. 
cell  is  used,  while  the  Evelyn  employs  a  2.2-cm.  (0.875-inch) 
selected  test  tube.  The  mean  path  of  fight  in  the  Evelyn  is 
almost  twice  that  of  the  Cenco.  When  a  correction  is  made 
for  this  difference,  the  sensitivity  of  the  two  instruments  is 
almost  identical  for  the  color  system  under  discussion.  It  is 
advisable  to  use  at  least  a  20-mm.  absorption  cell  when  meas¬ 
uring  low  concentrations  of  silica  with  the  Cenco. 

Results 

Although  it  is  possible  for  an  experienced  analyst  to  read 
colors  as  low  as  1  to  2  p.  p.  m.  of  silica  in  50-ml.  Nessler  tubes, 
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the  error  is  comparatively  high.  Table  I  shows  typical  results 
using  the  Cenco  and  Evelyn  photoelectric  colorimeters.  In 
concentrations  as  low  as  1  p.  p.  m.  using  the  Cenco  instrument 
the  per  cent  error  is  of  the  order  of  1  per  cent.  In  concentra¬ 
tions  less  than  1  p.  p.  m.,  the  error  increases,  ranging  to  10 
per  cent  for  concentrations  as  low  as  0.25  p.  p.  m.  Using  a 
thicker  cell  such  as  the  Evelyn  provides,  or  a  special  20-mm. 
cell  for  the  Cenco,  it  is  possible  to  make  readings  as  low  as 
0.10  p.  p.  m.  with  an  error  of  about  10  per  cent. 

Conclusion 

Many  natural  waters  in  northern  Wisconsin  show  very  low 
silica  concentrations.  It  is  important  not  only  to  measure 
these  low  concentrations  but  also  to  follow  small  variations  in 
silica  concentration  from  time  to  time. 

A  more  careful  control  of  the  Dienert  and  Wandenbulcke 
procedure  for  the  colorimetric  estimation  of  silica  is  de¬ 
scribed.  By  control  of  pH  and  use  of  photoelectric  colorime¬ 
ters  for  the  measurement  of  color,  the  procedure  has  been 
made  more  precise.  The  sensitivities  of  the  Cenco  and  the 
Evelyn  photoelectric  colorimeters  were  compared  for  this 
system  and  found  to  be  nearly  identical  when  cells  of  the  same 
thickness  were  used.  The  careful  selection  of  filters  by  means 
of  a  spectrophotometer  is  recommended. 
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Quantitative  Determination  of  Indole 

Modification  of  Ehrlich’s  Reaction 

LEWIS  H.  CHERNOFF 

Food  and  Drug  Administration,  U.  S.  Department  of  Agriculture,  Denver,  Colo. 


OF  THE  many  tests  for  indole,  that  of  Ehrlich  (4)  seems 
to  be  the  most  characteristic  and  widely  used.  This 
test  depends  on  the  reaction  between  indole  and  dimethyl- 
aminobenzaldehyde  in  the  presence  of  hydrochloric  or  sulfuric 
acid,  a  pink-red  color  being  produced. 

Since  a  variety  of  colors  may  be  produced  with  this  reagent 
by  many  organic  compounds  ( 6 ),  a  preliminary  separation  of 
indole  from  products  containing  it  is  necessary.  This  separa¬ 
tion  is  usually  attempted  by  steam-distillation  with  subse¬ 
quent  extraction  from  the  distillate,  but  with  many  organic 
mixtures  this  process  is  cumbersome  and  time-consuming  and 
may  be  troublesome  on  account  of  foaming. 

The  method  described  herein,  involving  Ehrlich’s  reaction, 
may  obviate  the  necessity  for  steam-distillation,  is  compara¬ 
tively  short,  rapid,  and  sensitive,  and  appears  to  have  wide 
applicability  to  food  and  biological  material.  It  has  been 
applied  with  reasonable  success  by  Clarke  et  al.  ( 1 )  to  butter 
and  to  distillates  from  butter.  The  direct  comparison  of  the 
spectral  curves  for  the  color  obtained  from  butter  distillates 
with  that  for  the  color  obtained  from  pure  indole  furnished 
strong  presumptive  evidence  that  the  results  obtained  in  this 
case  were  due  to  a  mixture  of  indole  and  a  substance  or  sub¬ 
stances  very  closely  related  to  indole.  Clarke  et  al.  checked 
the  accuracy  and  were  able  to  determine  by  visual  comparison 
as  little  as  1  microgram  of  indole  per  50  grams  of  butter  by 
direct  application  and  by  steam  distillation.  By  means  of  a 
simple  neutral-wedge  photometer  developed  by  Clifford  (2) 
the  amount  of  indole  under  favorable  circumstances  may  be 
read  to  hundredths  of  a  microgram. 

This  method  is  based  primarily  on  the  observation  that 


when  a  chloroform  solution  of  indole  is  treated  with  dilute 
acid  (up  to  approximately  12  per  cent)  and  Ehrlich’s  reagent, 
the  color  remains  in  the  chloroform,  but  if  the  test  is  made 
with  stronger  hydrochloric  acid  the  color  is  transferred  to  the 
aqueous  phase.  If  the  acid  is  too  concentrated,  the  color  may 
be  inhibited  or  destroyed. 

In  the  method  described  herein  sirupy  phosphoric  acid  is 
used  instead  of  hydrochloric  acid  because,  being  of  heavier 
density,  it  may  be  easily  separated  with  the  indole  and  re¬ 
agent  from  a  mixture  with  chloroform,  forming  the  lower  layer, 
which  can  be  easily  tapped  off.  Furthermore,  being  a  weaker 
acid  than  hydrochloric  acid,  some  reaction  with  other  possible 
interfering  substances  (when  chloroform  extracts  of  biological 
material  are  made)  may  be  avoided. 

The  addition  of  acetic  acid  increases  the  sharpness  of  sepa¬ 
ration  and  clarifies  both  layers.  Almost  all  of  the  acetic  acid 
remains  dissolved  in  the  chloroform.  After  separating  the 
phosphoric  layer,  the  characteristic  color  of  the  reaction  is 
developed  by  adding  acetic  acid  to  it. 

Method 

Reagents. 

A.  Dissolve  0.2  gram  of  purified  dimethylaminobenzaldehyde 
(S)  in  100  cc.  of  85  per  cent  phosphoric  acid. 

B.  Phosphoric  acid,  85  per  cent 

C.  Glacial  acetic  acid,  freshly  distilled  and  free  from  formal¬ 
dehyde 

D.  Chloroform,  washed  free  of  alcohol 

To  50  cc.  of  chloroform  containing  from  1  to  10  micrograms  of 
indole  in  a  separatory  funnel,  add  5  cc.  of  reagent  A.  Shake  2 
minutes  and  then  add  25  cc.  of  acetic  acid.  Shake  again  for  a 
moment  and  allow  the  mixture  to  stand  until  the  layers  separate 
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completely  (a  few  minutes).  With  pure  reagents  both  layers  will 
be  colorless  or  nearly  so.  Carefully  tap  off  the  lower  phosphoric 
acid  layer  into  a  50-cc.  Nessler  tube.  Wash  the  chloroform 
layer  with  2.5  cc.  of  phosphoric  acid  and  add  it  to  the  acid  in  the 
tube.  Make  up  to  volume  with  acetic  acid. 

The  characteristic  purple-red  color  develops  upon  the  addition 
of  the  acetic  acid  (5),  the  intensity  being  in  direct  proportion  to 
the  amount  of  indole  present.  By  varying  the  amounts  of  in¬ 
dole,  the  color  intensities  produced  may  be  used  as  standards  for 
comparison,  the  strength  of  the  color  decreasing  only  slightly 
after  1  or  2  days.  The  comparison  may  also  be  made  photo¬ 
metrically  in  a  neutral-wedge  (extinction)  photometer  such  as 
that  devised  by  Clifford.  The  spectral  curve  shows  a  maximum 
absorption  in  the  neighborhood  of  570  mu.  By  means  of  the 
photometer  as  little  as  0.5  microgram  of  indole  may  be  detected. 

Caution.  The  reaction  may  be  obtained  by  first  adding  the 
dimethylaminobenzaldehyde  to  the  chloroform  solution  of  indole 
and  then  shaking  with  phosphoric  acid,  but  if  added  in  reverse 
order,  the  indole  is  apparently  polymerized  by  the  acid  and  will 
not  react  with  the  benzaldehyde. 

Discussion 

Indole  may  be  extracted  by  chloroform  from  either  slightly 
alkaline  or  acid  aqueous  solution.  Since  interest  in  the  de¬ 
termination  of  indole  is  almost  entirely  with  reference  to  bio¬ 
logical  material  which  may  contain  many  interfering  sub¬ 
stances  of  acidic  or  alkaline  nature,  it  is  suggested  that  such 
material  be  first  made  slightly  alkaline  with  dilute  sodium 
hydroxide  and  shaken  vigorously  with  a  measured  amount  of 
chloroform.  After  separation,  the  chloroform  solution  may 


be  washed  with  a  small  amount  of  dilute  hydrochloric  acid, 
and  an  aliquot  may  then  be  treated  with  Ehrlich’s  reagent  as 
above  described.  If  emulsions  form  during  the  alkaline  ex¬ 
traction,  they  may  be  broken  usually  by  stirring  in  or  shaking 
with  sufficient  powdered  ammonium  sulfate  to  cause  separa¬ 
tion  of  a  clear  liquid,  after  which  the  mixture  may  be  centri¬ 
fuged  or  decanted  and  filtered. 

(The  treatment  with  ammonium  sulfate  in  alkaline  solu¬ 
tion,  as  indicated,  also  removes  formaldehyde,  which,  if  pres¬ 
ent,  may  prevent  the  color  formation.) 

Sometimes  the  separation  of  the  chloroform  and  phosphoric 
acid  layers  may  be  difficult.  The  addition  of  5  or  10  cc.  more 
of  acetic  acid  and  somewhat  longer  standing  (about  30  min¬ 
utes)  may  obviate  this  difficulty.  It  is  important  that  this 
separation  be  clean,  as  otherwise  a  turbidity  may  develop  in 
the  final  solution  when  made  to  volume  with  acetic  acid. 
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Pressure  Regulator  for  Vacuum  Distillation 

MELVIN  S.  NEWMAN 
Ohio  State  University,  Columbus,  Ohio 


THE  regulation  of  pressure  during  vacuum  distillation  is 
usually  accomplished  with  the  aid  of  a  manostat  which 
keeps  the  pressure  constant  by  causing  a  pump  to  operate 

intermittently  or  by 
controlling  an  air 
leak  (I).  Such  de¬ 
vices  require  a  good 
deal  of  time,  labor, 
and  materials  before 
they  can  be  placed  in 
operation.  A  pres¬ 
sure  regulator  which 
can  be  quickly  as¬ 
sembled  from  ap¬ 
paratus  and  materials 
available  in  any 
laboratory  is  shown 
in  Figure  1. 

The  principle  upon 
which  this  regulator 
is  based  is  simple. 
The  gas  in  the  system 
whose  pressure  is  to 
be  controlled  must 
overcome  the  pres¬ 
sure  of  a  column  of 
liquid  before  it  can 
be  pumped  out.  In 
principle  all  that  is 
required  is  a  gas 
washing  bottle  con¬ 


taining  a  quantity  of  a  liquid  having  an  insignificant  vapor 
pressure  at  room  temperature.  In  practice  the  two  refine¬ 
ments  shown  in  Figure  1  make  operation  easier. 

When  the  pump,  connected  at  A,  is  first  started  the  bulk  of 
gas  in  the  system,  connected  at  B,  is  removed  through  the 
open  stopcock,  C.  When  the  pressure  has  almost  reached  the 
desired  pressure  C  is  closed,  forcing  the  remaining  gas  to  be 
pumped  through  the  head  of  liquid,  h.  The  end  of  the  gas  inlet 
tube  is  constricted,  so  that  when  the  system  has  come  to  equilib¬ 
rium  the  constant  leaks  therein  (including  the  distillation 
capillary)  cause  a  slow  steady  stream  of  bubbles  instead  of  the 
more  intermittent  larger  bubbles  that  result  if  no  constriction  is 
made.  The  inside  diameter  of  the  constriction  should  be  about 
1  to  1.5  mm.  Before  admitting  air  when  the  distillation  has 
been  completed,  C  is  opened  in  order  to  avoid  violent  splashing 
of  the  liquid  in  the  bottle. 

Although  the  author  has  used  this  device  for  regulating 
pressure  for  only  a  few  months,  it  has  proved  to  be  extremely 
efficient.  After  allowing  about  15  minutes  for  the  entire 
system  to  come  to  equilibrium,  the  pressure,  as  read  on  the 
usual  type  of  mercury-filled  manometer,  has  remained  con¬ 
stant  during  distillations  requiring  as  long  as  10  hours.  A 
pressure  range  of  1.5  to  16  mm.  is  conveniently  covered  by 
the  ordinary  gas  washing  bottle.  Theoretically  taller  wash 
bottles  or  a  series  of  short  ones  would  allow  for  a  wider  pressure 
range.  The  author  has  used  ethyl  phthalate  as  a  suitable 
liquid,  but  undoubtedly  other  liquids  could  be  substituted. 
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Solution  Method  for  Spectrographic  Analysis 

Utilizing  a  Dropping  Electrode 
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THERE  often  arises  in  spectrograpliic  analysis  a  need  for 
a  simple,  yet  reliable,  method  for  the  quantitative  deter¬ 
mination  of  substances  in  solution.  Procedures  for  the  prepa¬ 
ration  of  standard  powder  samples  for  spectrographic  work 
and  their  subsequent  analysis  are  generally  more  laborious 
and  time-consuming  than  those  utilizing  solutions.  Also,  the 
homogeneity  of  standard  solutions  is  much  more  certain  and 
their  preparation  is  simpler  than 
those  for  either  powders  or  metallurgi¬ 
cal  specimens. 

Several  methods  for  solution  analysis 
have  been  described  in  the  literature. 

Each  has  its  individual  merits  and  dis¬ 
advantages  as  to  ease  of  manipulation, 
complexity  of  design  of  container  for 
the  solution,  adaptability  to  available 
electrode  stand  design,  reproducibility 
of  excitation  conditions,  and  quantity 
of  solution  needed  for  an  analysis. 

The  forms  of  apparatus  described  by 
Gerlach  and  Schweitzer  (1),  Twyman 
and  Hitchens  (5),  and  Jolibois  and 
Bossuet  (2)  employ  special  electrode 
equipment  and  relatively  large  quanti¬ 
ties  of  solution.  Of  several  types  of 
electrodes  described  in  the  literature, 
one  attributed  to  Necke  is  mentioned 
by  Lowe  ( S )  and  it  has  some  similarity 
to  the  method  proposed  in  the  present 
paper.  However,  no  data  are  given 
by  Lowe  to  show  the  reliability  of  the 
apparatus  in  quantitative  work,  and 
the  original  communication  could  not 
be  located. 

After  completion  of  the  work  of  this 
paper,  it  was  found  that  Lundegardh  (4) 
also  refers  to  the  work  of  Necke  and 
has  suggested  changes  in  procedure 
analogous  to  those  employed  here. 

The  technique,  which  in  the  present 
work  was  designed  for  use  with  a  cold, 
high-potential  spark,  involves  a  slow 
and  regulated  addition  of  the  solution  through  a  hollow  upper 
electrode. 


B 


Figure  1.  Ap¬ 
paratus 


Electrode  System 

The  lower  electrode  is  an  ordinary  spectroscopic  carbon  rod 
with  a  flat  end  surface  exposed  to  the  spark.  The  upper  carbon 
electrode  is  constructed,  as  shown  in  B  (Figure  1),  from  a  piece 
of  0.25-inch  (6.35-mm.)  spectroscopic  carbon  rod  1.25  inches  (31.8 
mm.)  long.  One  end  of  the  electrode  is  drilled  to  a  depth  of  1 
inch  (25.4  mm.)  with  a  0.11-inch  (2.78-mm.)  drill.  (The  size 
and  depth  of  drill  were  chosen  to  fit  the  particular  size  to  which 
i  the  glass  capillary  end  was  drawn.)  The  remaining  0.25  inch 
of  the  electrode  is  drilled  with  a  0.08-inch  (1.98-mm.)  drill.  The 
smaller  hole  is  necessary  to  effect  a  steady  flow  of  solution  into 
the  spark  and  to  prevent  large  drops  from  playing  upon  the 
■  spark  and  varying  excitation  conditions. 

The  device  for  introducing  the  solution,  a  “dropping  electrode”, 
is  constructed  from  a  piece  of  glass  tubing  0.25  inch  (6.35  mm.) 
in  diameter,  7  inches  (17.8  cm.)  long,  and  fitted  with  a  stopcock 
at  one  end,  as  shown  in  A  (Figure  1).  The  other  end  is  softened 
in  a  flame  and  drawn  to  a  pointed  capillary.  The  capillary  tip  is 
then  fire-polished  until  the  orifice  will  permit  a  flow  of  approxi¬ 
mately  0.9  cc.  per  minute,  when  the  stopcock  is  adjusted  to  the 


maximum  opening.  (These  specifications  are  for  use  only  when 
the  tube  is  filled  to  a  point  below  the  stopcock  level — i.  e.,  in  use, 
the  glass  tube  is  never  filled  to  include  liquid  in  the  stopcock. 
Filling  the  tube  past  the  stopcock  should  be  avoided,  since  the 
rate  of  flow  cannot  be  easily  duplicated.)  If  larger  volumes  of 
solution  are  needed  for  excitation,  the  tube  should  be  made  of 
greater  length  or  greater  diameter. 

Since  corrosive  liquids  are  sometimes  employed,  it  is  necessary 
to  shield  the  electrode  stand,  etc.,  from  the  spray  which  the  spark 
produces  during  excitation.  A  most  satisfactory  and  inexpen¬ 
sive  form  of  shield  can  be  made  from  a  piece  of  absorbing  paper 
(Bluebird  lining  paper),  cut  and  folded  into  a  box,  with  an  open 
end  and  top,  and  of  such  dimensions  that  it  can  be  fitted  between 
the  electrode  holders.  A  small  slot  is  cut  in  the  bottom  of  the 
shield  to  allow  the  lower  electrode  to  protrude. 


Operation 

After  the  spectrograph  has  been  adjusted  and  the  plate  holder 
loaded,  the  carbon  electrodes  are  placed  in  the  electrode  stands, 
with  the  usual  precautions  as  to  electrode  heights  and  spark  gap 
distances.  The  drilled  carbon  serves  as  the  top  electrode,  while 
the  flat-surface  carbon  serves  as  the  bottom  electrode.  The  drop¬ 
ping  electrode  is  then  inserted  firmly  into  the  top  carbon  electrode 
(no  other  support  being  necessary  to  hold  it),  the  absorbing  paper 
splash-shield  is  placed  about  the  electrodes,  the  stopcock  is 
opened,  and  the  spark  is  started  immediately.  Observation  of 
the  time  is  noted  the  instant  the  spark  is  excited,  and  a  pre¬ 
liminary  sparking  of  15  seconds  is  given  the  electrodes  (solution 
flowing)  before  the  shutter  of  the  spectrograph  is  opened.  After 
the  15  seconds’  preliminary  sparking,  the  shutter  is  opened,  and 
the  exposure  is  continued  for  60  seconds.  (The  spark  is  not  in¬ 
terrupted  between  the  preliminary  sparking  and  the  time  the 
shutter  is  opened.)  The  shutter  is  then  closed,  the  spark  dis¬ 
continued,  and  the  stopcock  closed  in  the  order  given. 

The  dropping  electrode  is  removed,  drained,  cleaned,  rinsed 
with  the  next  solution  to  be  run,  and  finally  filled.  New  or  re¬ 
purified  carbon  electrodes  are  placed  in  the  stand,  and  the  pro¬ 
cedure  is  repeated  until  all  desired  solutions  have  been  examined. 
To  facilitate  draining  of  the  tube  when  cleaning  and  refilling,  the 
capillary  tube  is  inserted  in  a  suction  flask,  equipped  with  a  one- 
hole  rubber  stopper.  After  the  spectra  have  been  taken,  the 
plate  is  developed,  fixed,  washed,  and  dried,  and  the  desired  fine 
densities  are  determined.  Here,  as  in  all  quantitative  spectro¬ 
graphic  analysis,  standardization  and  duplication  of  technique 
are  of  utmost  importance. 

The  dropping  electrode  is  easily  cleaned  and  filled  by  attaching 
a  small  piece  of  rubber  tubing  to  the  upper  end  and  connecting  to 
a  vacuum  line.  The  solution  to  be  analyzed  is  sucked  into  the 
tube  to  a  mark  below  the  stopcock,  the  vacuum  line  is  removed, 
the  stopcock  is  closed,  and  the  tube  is  removed  from  stock  solu¬ 
tion  and  wiped  dry. 

The  rate  of  flow  from  the  dropping  electrode  is  governed  by 
the  size  of  the  capillary  orifice.  This  arrangement  allows  the 
solution  to  flow  continuously  and  evenly  into  the  spark,  where  a 
fresh  surface  is  constantly  being  formed,  and  the  excess  solution 
is  expelled  from  the  electrodes  by  the  force  of  the  spark.  The 
high-potential  (cold)  spark  must  be  used  for  excitation,  since  the 
direct  current  arc  develops  too  high  a  temperature,  which  affects 
the  delivery  of  the  solution  through  the  capillary  orifice  and  at 
times  would  be  sufficiently  hot  to  melt  the  glass. 

Experimental 

Standard  solutions  of  manganese  were  prepared  of  the  fol¬ 
lowing  manganese  concentrations:  0.5,  0.25,  0.10,  0.05, 
0.025,  and  0.01  mg.  per  ml. 

The  solvent  used  was  4.5  per  cent  hydrochloric  acid.  Cop¬ 
per  was  chosen  as  the  internal  standard,  and  a  solution  of 
cupric  sulfate  was  prepared,  of  such  concentration  as  to  give 
satisfactory  line  densities  for  the  copper  line  at  2369.8  A. 
The  solutions  actually  used  in  the  analysis  were  prepared  by 
mixing  equal  volumes  of  manganese  and  cupric  sulfate  solu¬ 
tions. 
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Table  I.  Densitometer  Readings  of  Manganese  and  Copper  Lines 
Mn  Plate  1  Plate  2  Plate  3  Plate  4  Plate  5  Plate  6 


Concn. 

Mn 

Cu 

Mn 

Cu 

Mn 

Cu 

Mn 

Cu 

Mn 

Cu 

Mn 

Cu 

Mg./cc. 

0.5 

46.9 

23.6 

46.7 

23.1 

42.2 

21.1 

42.2 

20.0 

42.0 

20.8 

35.7 

17.1 

0.25 

39.6 

22.0 

41.8 

24.1 

37.0 

21.2 

36.2 

20.0 

36.1 

21.1 

37.7 

21.7 

0.10 

30.4 

23.6 

30.3 

23.7 

28.1 

22.1 

26.5 

20.3 

27.5 

21.3 

28.5 

20.0 

0.05 

23. 1 

24.9 

23.6 

23.0 

19.8 

20.3 

19.3 

21.2 

18.6 

20.4 

22. 1 

22.9 

0.025 

15.5 

23.6 

15.9 

23.2 

12.6 

21.0 

13.1 

21.2 

13.7 

21.8 

15.6 

22.8 

0.01 

8.1 

24.0 

6.7 

23.2 

6.2 

21.6 

6.5 

22.5 

6.5 

21.5 

8. 1 

24.0 

Table  II.  Ratio  of  Densities  of  Manganese  Line  to 
Copper  Line 

Av. 

Mean  Devia- 


Mn 

Plate 

Plate 

Plate 

Plate 

Plate 

Plate 

Aver- 

Devi  a- 

tion  of 

Concn. 

Mg./cc. 

i 

2 

3 

4 

5 

6 

age 

tion 

Mean 

0.5 

1.99 

2.02 

2.00 

2.11 

2.02 

2.08 

2.03 

0.036 

0.014 

0.25 

1.80 

1.73 

1.74 

1.81 

1.71 

1.74 

1.75 

0.031 

0.012 

0.10 

1.29 

1.28 

1.27 

1.31 

1.29 

1.42 

1.31 

0.036 

0.014 

0.05 

0.93 

1.02 

0.98 

0.91 

0.91 

0.96 

0.96 

0.035 

0.014 

0.025 

0.66 

0.68 

0.60 

0.62 

0.63 

0.68 

0.64 

0.030 

0.012 

0.01 

0.34 

0.29 

0.29 

0.29 

0.30 

0.34 

0.31 

0.021 

0.0086 

The  electrodes  were  placed  at  a  distance  of  60  cm.  from  the 
slit  of  the  spectrograph.  The  spark  gap  was  adjusted  to  6 
mm.,  and  duplication  of  the  gap  distance  was  accomplished 
by  the  use  of  a  glass  spacer  6  mm.  thick.  No  external  con¬ 
densing  lens  was  used. 

A  Bausch  &  Lomb  large  Littrow  (quartz)  spectrograph 
was  employed,  using  a  slit  width  of  70  microns  and  4-mm. 
height.  Prism  position  7,  covering  the  range  2300  to 
2900  A.,  was  used  to  register  the  section  of  spectrum  which 
contained  the  manganese  and  the  copper  lines  selected. 


The  lines  chosen  were  free  of  any  background, 
so  that  no  correction  was  necessary.  The  ratio 
of  the  density  of  the  manganese  line  to  the 
copper  line  was  plotted  against  log  concentra¬ 
tion. 

Table  I  gives  densitometer  readings  of  the 
manganese  line  at  2576.12  A.  and  the  copper 
line  at  2369.8  A.  for  different  manganese  con¬ 
centrations.  Six  separate  plates  were  exposed, 
using  the  same  standard  manganese  solutions. 
Table  II  gives  the  ratio  of  the  densities  of  the 
manganese  line  to  the  copper  line,  the  average  ratio  value, 
mean  deviation,  and  average  deviation  of  the  mean. 

When  the  average  ratio  values  are  plotted  against  the 
log-concentration  (mg.  of  manganese  per  cc.),  a  curve  is  ob¬ 
tained,  as  shown  in  Figure  2. 
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Dry  Ice  as  a  Preventive  of 
Atmospheric  Oxidation 


Figure  2 


Excitation  of  the  sample  was  obtained  by  a  high-potential 
spark  supplied  from  a  220-volt  source,  with  sufficient  resist¬ 
ance  to  produce  a  current  of  17.5  amperes  in  the  primary  of  a 
1000  to  1  5-kw.  transformer.  The  secondary  circuit  con¬ 
sisted  of  8  condensers  (in  parallel)  of  815  X  10 -4  microfarad 
each.  No  inductance  coil  was  used  in  the  secondary  circuit. 

The  solutions  were  analyzed  by  the  technique  already  de¬ 
scribed,  and  the  spectra  were  recorded  on  Eastman  D.  C. 
(double-coated)  orthochromatic  plates.  The  plates  were 
processed  using  Eastman  standard  x-ray  developer  and  fixer, 
and  were  developed  for  5  minutes  at  18°  C.  After  develop¬ 
ment,  they  were  fixed  for  about  20  minutes,  washed  in  running 
water  for  at  least  one  hour,  rinsed  in  distilled  water,  and  dried 
in  air. 

The  Gaertner  visual  microdensitometer,  having  a  scale 
range  of  0  to  100  divisions  corresponding  to  density  units  of 
0  to  4,  was  used  to  evaluate  fine  densities. 


GEORGE  E.  FERGUSON  and  LEOPOLD  SCHEFLAN 
Pyrene  Manufacturing  Company,  Newark,  N.  J. 

IT  IS  well  known  that  tin  in  commercial  tin-lead  solders 
can  be  determined  accurately  by  titration  with  standard 
iodine  solution,  provided  that  it  is  present  entirely  as  stannous 
ion  in  hydrochloric  acid  solution  (i).  The  use  of  solid  car¬ 
bon  dioxide  has  been  found  helpful  in  preventing  oxidation 
of  the  stannous  ion  previous  to  the  titration. 

After  a  sample  of  solder  filings  has  been  prepared  and  dissolved 
in  hydrochloric  acid  in  the  usual  way,  and  any  tin  in  the  stannic 
form  has  been  entirely  reduced  to  the  stannous  form,  immediately 
place  a  small  piece  of  solid  carbon  dioxide  in  the  solution  and 
place  the  flask  in  a  cooling  bath  of  ice  and  water.  Add  more 
small  pieces  of  dry  ice  and  maintain  a  vigorous  evolution  of 
gaseous  carbon  dioxide  within  the  Erlenmeyer  flask  until  the  solu¬ 
tion  has  been  cooled  to  room  temperature  and  is  ready  for  ti¬ 
tration.  Just  preceding  the  titration,  wash  down  the  wall  of  the 
Erlenmeyer  flask  with  distilled  water  containing  a  small  piece 
of  dry  ice,  add  5  ml.  of  starch  solution  as  indicator,  and  titrate 
the  solution  with  0.10  N  iodine  solution. 

The  use  of  solid  carbon  dioxide  prevents  the  formation  of 
stannic  ion  due  to  atmospheric  oxygen,  makes  it  unnecessary 
to  employ  a  bicarbonate  of  soda  solution  as  a  wash  water,  and 
eliminates  the  necessity  of  setting  up  apparatus  for  passing 
gaseous  carbon  dioxide  or  any  other  gas  through  the  solution 
during  cooling.  Dry  ice  may  serve  equally  effectively  in 
other  determinations  where  protection  of  the  solution  from 
atmospheric  oxidation  is  important. 
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Gaging  Adsorption  Power  of  Colloidal 
Ferric  Oxide  by  Dye  Adsorption 

Development  of  a  Standard  Test 

FRANK  H.  DOTTERWEICH,  Texas  College  of  Arts  and  Industries,  Kingsville,  Texas,  WITH 
WILBERT  J.  HUFF,  University  of  Maryland,  College  Park,  Md. 


THE  dye  adsorption  test  described  in  this  paper  was  de¬ 
veloped  to  permit  a  study  of  the  colloidal  properties  of 
iron  oxide  purifying  masses  with  regard  to  their  ability  to 
remove  hydrogen  sulfide  from  gas.  Results  obtained  by  its 
use  have  been  correlated  with  the  activity  and  capacity  for 
the  primary  sulfiding  reaction  and  succeeding  sulfiding  re¬ 
actions.  A  suggested  method  for  rating  iron  oxide  purifying 
materials  has  been  proposed  and  from  the  fundamental  in¬ 
formation  thus  obtained  an  explanation  has  been  developed 
for  various  phenomena  in  oxide  purification,  hitherto  unex¬ 
plained.  For  a  more  complete  discussion  of  this  work  the 
reader  is  referred  elsewhere  (2). 

In  rotary  drilling  procedures  for  petroleum  and  natural  gas 
the  drilling  mud  walls  off  the  hole,  lubricates  the  drilling  bit, 
carries  the  cuttings  to  the  surface,  deposits  them,  and  is  once 
more  returned  to  the  hole,  completing  the  cycle.  The  use  of 
high-colloidal  muds  has  made  possible  the  rapid  drilling  of 
soft  formations;  in  addition,  a  number  of  properties  of  the 
mud,  important  in  practice,  are  dependent  upon  the  colloid 
content.  As  no  simple  means  of  determining  the  colloid  con¬ 
tent  of  mud  is  available,  any  simple  test  developed  for  rapidly 
measuring  the  colloid  content  of  a  material  whose  physical 
structure  is  closely  related  to  drilling  mud,  should  be  of  in¬ 
terest  to  the  chemical  and  petroleum  production  engineer. 
This  test  presented  here  has  been  used  to  determine  the 
colloid  content  of  commercial  iron  oxides  used  in  weighting 
drilling  mud  (7),  and  with  some  alterations  may  possibly  be 
used  to  determine  the  colloid  content  of  other  drilling  masses. 

Determination  of  Surface  and  Colloid  Content 

Dyes  are  important  in  determining  certain  properties 
of  a  colloidal  oxide,  because  the  adsorption  of  the  dye  by  the 
oxide  under  certain  conditions  depends  upon  the  surface 
properties  of  the  oxide.  Technically  a  great  deal  of  attention 
has  been  paid  to  the  relations  in  question  because  many  dyes 
are  so  weakly  adsorbed  by  wool,  silk,  and  cotton  that  they 
are  of  little  value  to  the  practical  dyer  unless  used  in  connec¬ 
tion  with  certain  oxides  or  other  materials  which  serve  as 
mordants.  The  term  “mordant”,  meaning  to  bite  or  corrode, 
was  first  used  by  the  French  to  describe  metallic  salts  which 
were  supposed  to  give  color  access  to  the  fiber  by  opening 
passages  in  the  fiber.  In  the  early  work,  the  effectiveness  of 
alum  in  fixing  certain  dyes  was  believed  to  be  due  to  the 
solvent  or  sulfuric  acid;  however,  it  is  now  known  that  the 
real  mordant  is  the  hydrous  oxide  and  not  the  acid  derived 
from  the  salt. 

In  dyeing  mordanted  cloth,  in  most  cases,  the  mordant 
rather  than  the  fiber  takes  up  the  dye.  When  a  dye  is  taken 
up  by  a  mordant  in  the  absence  of  a  fiber,  the  complex  is 
known  as  a  color  lake.  In  general,  the  most  common  color 
lakes  are  those  formed  with  dyes  and  hydrous  oxide. 

Dye-adsorption  methods  have  been  used  to  determine  the 
colloid  content  of  various  substances.  Paneth  and  Radu  ( 5 ) 
measured  the  surface  of  powdered  diamond,  microscopically 
and  by  the  adsorption  of  methylene  blue,  assuming  that  the 
surface  was  covered  1  molecule  thick.  As  the  results  obtained 
by  the  two  methods  were  confirmatory,  they  assumed  that 


the  same  rule  holds  true  for  the  adsorption  of  dyes  by  other 
forms  of  carbon  and  used  this  method  to  determine  the  specific 
surfaces  of  various  charcoals.  Rideal  and  Wright  (6)  also 
used  the  dye-adsorption  method  to  determine  the  surface  of 
charcoals  prepared  from  nitrogenous  sources  which  possess, 
in  general,  greater  specific  surface  than  charcoals  produced 
from  nitrogen-free  compounds. 

Development  of  Test 

Malachite  green  was  examined  because  it  had  been  used 
by  Moore  and  others  to  determine  the  colloid  properties  of 
clay,  and  because  this  test  may  be  a  practical  and  rapid  means 
for  determining  the  properties  of  colloid  surfaces.  However, 
it  was  necessary  to  modify  this  test  to  overcome  or  at  least 
minimize  the  seeming  disadvantages  or  possible  errors  in¬ 
herent  in  previous  methods  with  respect  to  the  calcium-ion 
effect  upon  the  dye  and  the  nonuniform  adsorption  due  to 
varying  pH  of  the  solution. 

Ashley’s  ( 1 )  work  on  the  colloidal  properties  of  clay  showed 
that  calcium  and  alkaline  salts  affect  the  adsorption  of  malachite 
green.  He  therefore  limited  the  use  of  this  test  to  high  grades 
of  clay  which  were  not  contaminated  by  lime  or  alkaline  in¬ 
gredients. 

Moore  (4)  and  others,  in  their  work  on  the  determination  of 
the  colloidal  content  of  clay  with  malachite  green,  appear  to  have 
overcome  the  effect  of  calcium  by  precipitating  it  in  the  form  of 
the  insoluble  calcium  oxalate  by  the  addition  of  sodium  oxalate. 
They  showed  also  that  an  excess  of  sodium  oxalate  did  not 
affect  the  malachite  green.  The  present  authors  agree  that  so¬ 
dium  oxalate  does  not  affect  the  dye  but  have  shown  experi¬ 
mentally  that  the  shift  of  the  pH  of  the  solution,  which  may  be 
brought  about  by  the  addition  of  alkaline  salts,  will  cause  a  col¬ 
loidal  substance  to  adsorb  a  greater  quantity  of  dye  at  a  higher 
pH  of  the  solution. 

Weiser  ( 8 )  and  Gordon  (3)  conducted  researches  which  indicate 
that  the  adsorption  of  a  dye  by  a  hydrous  oxide  is  dependent 
upon  the  pH  of  the  solution.  Weiser  showed  also  in  his  work  with 
alizarin  dyes  that  the  hydrous  oxides  adsorb  the  sulfate  and 
oxalate  radical  but  that  the  dye  is  adsorbed  in  preference  to  the 
sulfate  or  oxalate  when  both  are  in  the  bath,  except  in  very  acidic 
baths  in  which  the  sulfate  and  oxalate  replace  the  dye. 

After  a  study  of  the  foregoing  researches,  it  was  decided  to 
work  with  a  buffer  solution  containing  so  much  acid  that  the 
addition  of  the  basic  dye  gave  a  solution  which  was  still  acidic. 
A  buffer  solution  of  1  A  oxalic  acid  and  1  N  potassium  oxalate 
was  used,  mixed  in  a  proportion  of  4  parts  of  salt  to  1  part  of 
acid,  giving  a  solution  whose  pH  was  approximately  5.  Using 
this  buffer,  it  was  believed  that  the  following  conditions  would 
prevail: 

1.  The  oxalate  radical  would  precipitate  any  calcium  present, 
in  the  form  of  the  insoluble  calcium  oxalate,  thereby  eliminating 
the  calcium  effect  upon  the  dye. 

2.  The  capacity  of  the  buffer  would  tend  to  hold  the  pH  of 
the  solutions  approximately  constant,  eliminating  the  possibility 
of  nonindicative  dye  adsorption  due  to  varying  pH  of  the  solu¬ 
tion. 

Effect  of  Varying  pH  and  Excess  Oxalic  Acid 

In  order  to  study  the  adsorption  of  malachite  green  in  varying 
pH  baths,  sample  3,  an  oxide  high  in  colloid  content,  was  treated 
in  the  following  manner: 
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Figure  1.  Effect  of  Change  in  pH  and  Excess  Oxalic  Acid  on  Adsorp¬ 
tion  of  Malachite  Green 


To  1-gram  samples  of  the  oxide  were  added  50  cc.  of  buffer 
solution  and  various  portions  of  1  N  oxalic  acid  and  the  samples 
were  shaken  for  1  hour.  Fifty  cubic  centimeters  of  standard  dye 
were  then  added  (300  mg.  of  malachite  green)  and  the  whole 
was  again  shaken  for  1  hour  and  allowed  to  stand  overnight.  The 
next  day  the  adsorption  was  determined.  (All  samples  were 
heated  at  100°  C.  for  1  hour  and  ground  to  pass  a  60-mesh  sieve.) 

Table  I  shows  the  adsorption  of  malachite  green  with  a 
given  amount  of  colloid  (sample  3)  in  varying  pH  baths. 
These  results  are  plotted  in  Figure  1.  The  ordinates  give 
the  milligrams  of  malachite  green  adsorbed  per  gram  of  oxide 
and  the  abscissas  the  cubic  centimeters  of  1  N  oxalic  acid 
which  were  added  to  the  50  cc.  of  buffer  solution. 

Table  I.  Adsorption  by  Sample  3 

(Malachite  green  50  cc.,  buffer  solution  50  cc.,  water  50  cc.  Adsorption  cal¬ 
culated  as  explained  in  standard  procedure) 


Dilution 

1  N 

Total 

Dye 

Factor 

Oxalic  Acid 

Solution 

Adsorbed 

Cc. 

Cc. 

Cc. 

Mg. 

21 

10 

160 

201 

25 

15 

165 

176 

27 

20 

170 

163 

33 

25 

175 

126 

34 

30 

180 

117 

18 

40 

190 

199 

10 

50 

200 

239 

a 

60 

210 

a 

°  Dye  destroyed. 

It  will  be  noted  that  the  adsorption  decreases  with  increas¬ 
ing  acidity  until  a  minimum  adsorption  of  117  mg.  of  dye  per 
gram  of  oxide  is  reached  with  the  addition  of  30  cc.  of  1  N 
oxalic  acid.  Further  addition  of  acid  gives  an  increase  in 
adsorption,  until  the  dye  is  apparently  destroyed  when  60 
cc.  of  1  N  oxalic  acid  have  been  added. 

This  series  of  tests  appears  to  confirm  the  conclusion  of 
Moore  and  others  that  an  excess  of  oxalic  acid  destroys  the 
structure  of  malachite  green. 

Effect  of  Dye  Remaining  in  Solution 
after  Adsorption 

Moore  and  others  observed  in  their  work  that  the  size  of 
the  samples  used,  with  a  constant  initial  amount  of  dye, 
showed  that  a  distribution  effect  was  playing  a  part  in  de¬ 
termining  the  amount  of  dye  adsorbed.  They  apparently 
overcame  this  difficulty  by  keeping  a  constant  amount  of 
dye  in  solution  after  adsorption. 

In  the  work  represented  by  this  problem  it  was  observed 
that  practically  all  the  present-day  iron  oxide  gas-purifying 
materials  generally  accepted  as  good  adsorbed  from  300  to 
600  mg.  of  dye  per  gram  of  oxide.  Keeping  a  minimum  of 


150  mg.  of  dye  in  solution  after  adsorption 
prevented  error  due  to  distribution  effects. 

In  studying  the  distribution  effects  the  fol¬ 
lowing  experiments  were  conducted.  One-gram 
samples  of  Nos.  23,  12,  24,  and  25  were  treated 
with  a  constant  initial  amount  of  dye  with  vary¬ 
ing  portions  of  buffer  solution  and  the  adsorp¬ 
tion  was  determined.  The  results  of  these  tests 
are  tabulated  in  Table  II. 

The  adsorptions  in  test  X  were  obtained  by 
using  25  cc.  of  standard  buffer  solution,  25  cc. 
of  distilled  water,  and  125  cc.  of  standard  dye 
solution.  The  resulting  pH  of  this  solution 
was  dependent  upon  the  proportions  of  buffer 
and  dye  solutions,  and  this  solution  had  the 
highest  pH  in  this  series  of  tests.  Test  Y  was 
obtained  by  using  50  cc.  of  buffer  and  125  cc.  of 
standard  dye  solution  (standard  test),  the  result¬ 
ing  pH  being  lower  than  that  of  test  X.  Test  Z 
consisted  of  100  cc.  of  buffer  and  125  cc.  of 
standard  dye  solution,  the  pH  of  this  solution 
being  lower  than  either  test  X  or  test  Y. 

The  results  of  these  tests  are  plotted  in  Figure  2.  Al¬ 
though  the  amount  of  dye  remaining  in  the  solution  after 
adsorption  varies,  there  is  no  definite  distortion  of  the  curves 
due  to  distribution  effects.  This  also  appears  to  be  confirmed 
by  the  approximate  parallel  relationship  between  the  curves 
of  the  different  oxides. 

Table  II.  Effect  of  Varying  Buffer  Solution 

(125  cc.  of  malachite  green  used.  Adsorption  calculated  as  explained  in 
standard  procedure) 


Oxide 

Buffer 

Dilution 

Total 

Dye 

Test 

No. 

Solution 

Water 

Factor 

Solution 

Adsorbed 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

X 

23 

25 

25 

22 

175 

635 

24 

25 

25 

33 

175 

577 

12 

25 

25 

48 

175 

498 

25 

25 

25 

73 

175 

376 

Y 

23 

50 

32 

175 

582 

24 

50 

41 

175 

534 

12 

50 

59 

175 

440 

25 

50 

85 

175 

307 

Z 

23 

100 

36 

225 

500 

24 

100 

50 

225 

419 

12 

100 

66 

225 

335 

25 

100 

83 

225 

190 

Figure  2.  Effect  of  Varying  Quantities  of  Mala¬ 
chite  Green  Remaining  in  Solution  after  Adsorption 


MAY  15,  1940 


ANALYTICAL  EDITION 


279 


From  these 
tests  it  appears 
that  errors  due  to 
distribution  effects 
may  be  eliminated 
by  maintaining 
the  correct 
amount  of  dye  in 
solution  after  ad¬ 
sorption  and  that 
a  minimum  of  150 
mg.  of  standard 
dye  in  175  cc.  of 
solution  is  suf¬ 
ficient. 

Effect  of  Cal¬ 
cium  upon 

Dye 

Figure  4.  Colorimeter 

To  test  the  effi¬ 
ciency  of  the  buffer 

solution  in  removing  the  calcium  ion  from  solution,  0.05,  0.10, 
and  0.15  gram  of  lime  [Ca(OH)2]  were  treated  with  50  cc.  of 
buffer  solution  and  shaken  for  1  hour.  Malachite  green  was 
then  added  (125  cc.),  the  solution  was  again  shaken  for  1  hour, 
and  the  adsorption  was  determined.  In  all  tests  there  was  no 
dye  removed  or  destroyed  in  the  solutions. 
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The  original  solution  (125  cc.)  contained  0.006 
gram  per  cc.,  or  a  total  of  0.750  gram;  the  ad¬ 
sorption  was  0.750  gram  —  0.168  gram,  0.582 
gram  or  582  mg.  of  dye.  In  this  proportion  all 
terms  were  constant  but  the  dilution  factor  of 
32  cc.;  therefore,  the  remainder  of  the  propor¬ 
tion  was  represented  by  a  constant  calculated  to 
be  0.00525  (which  applies  only  where  the  total 
solution  is  175  cc.).  This  constant  when  multi¬ 
plied  by  the  dilution  factor  gives  the  grams  of 
dye  remaining  in  solution. 

It  was  found  most  efficient  to  determine  the 
approximate  dilution  factor  first,  and  then  repeat 
the  operation  using  this  approximate  figure  as  a 
guide.  Water  was  added  1  cc.  at  a  time  and 
the  volume  added  was  recorded  for  the  final 
value  of  the  dilution  factor  when  further  addition 
of  water  gave  a  color  lighter  than  the  standard 
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Standard  Test  for  Gaging  Adsorption  Power  of 
Colloidal  Ferric  Oxide  by  Malachite  Green 

In  a  200-cc.  wide-mouthed  bottle  provided  with  a  rubber 
stopper  50  cc.  of  buffer  solution  (1  part  of  1  A  oxalic  acid  to  4 
parts  of  1  N  potassium  oxalate)  were  placed,  and  1  gram  of  the 
sample  was  added.  The  solution  was  shaken  at  once  by  hand 
to  prevent  clotting  and  then  placed  in  a  shaker  (Figure  3),  and 
shaken  for  1  hour  to  precipitate  any  calcium  present.  Then  125 
cc.  of  standard  dye  solution  (6  grams  of  malachite  green  oxalate 
in  1000  cc.  of  distilled  water)  were  added  and  the  whole  was 
again  shaken  for  1  hour.  The  sample  was  allowed  to  settle  over¬ 
night  and  on  the  following  day  a  convenient  amount  of  the 
supernatant  liquid  was  taken  out  by  a  10-cc.  pipet,  the  end  of 
which  was  inserted  to  approximately  one  fourth  the  depth  of  the 
liquid;  this  sample  was  placed  in  a  test  tube  and  corked  until  the 
adsorption  was  determined  by  color  comparison. 

It  was  found  that  1  cc.  of  the  standard  solution  diluted  to  200 
cc.  gave  the  best  color  comparison  when  a  beam  of  white  light 
was  passed  up  through  exactly  10  cc.  of  this  solution  in  one  of  a 
pair  of  matched  Nessler  tubes,  as  shown  in  Figure  4.  Exactly 
1  cc.  of  the  sample  removed  from  the  test  bottle  was  transferred 
to  a  100-cc.  graduate  and  diluted  until  the  color  matched  per¬ 
fectly  the  standard  color  obtained  by  diluting  the  standard  solu¬ 
tion. 

For  example,  a  match  was  obtained  when  a  1-cc.  sample  of 
No.  23  was  diluted  to  32  cc.  As  1  cc.  of  the  standard  contained 
0.006  gram  of  dye,  the  200  cc.  of  test  solution  also  contained  0.006 
gram  of  dye.  Where  x  is  the  amount  of  dye  remaining  in  solution 
and  175  cc.  is  the  total  solution,  0.006  gram  ;  200  cc.  :  :  x  :  (32 
cc.  X  175  cc.)  or  x  =  0.168  gram. 


MANY  solutions  of  hydrogen  peroxide  contain  phosphoric 
acid  as  a  stabilizing  agent.  Since  hydrogen  peroxide 
is  used  in  many  oxidations  in  which  phosphate  is  subsequently 
determined,  the  removal  of  phosphate  is  a  necessary  step  in 
the  procedure.  It  is  possible  to  remove  it  by  distillation  at 
reduced  pressure  ( 2 ),  but  since  this  technique  is  comparatively 
expensive  in  routine  analysis  it  was  thought  advisable  to  de¬ 
velop  a  less  complex,  more  rapid  method  of  removing  phos¬ 
phates  from  solutions  of  100-volume  hydrogen  peroxide. 

Place  100  ml.  of  peroxide  in  a  250-ml.  beaker.  Add  10  ml.  of 
2  per  cent  ferric  chloride,  stir  the  solution,  and  then  add  about 
5  grams  of  calcium  carbonate.  Stir  again  for  a  moment  and 
filter  immediately  by  suction  through  a  Buchner  funnel  prepared 
previously.  The  filtrate  should  be  clear  and  almost  colorless. 
Add  0.5  ml.  of  concentrated  hydrochloric  acid  to  the  purified  per¬ 
oxide  and  store  in  a  black  bottle.  Prepare  a  week’s  supply  at  a 
time. 

Five  milliliters  of  the  peroxide  were  evaporated  to  dryness 
and  on  analysis  by  a  colorimetric  method  (I)  contained  0.2 
p.  p.  m.  of  phosphorus.  The  peroxide  loses  very  little  activity 
by  this  treatment. 
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After  ashing  biological  material,  lead  is 
precipitated  as  lead  potassium  chromate  by 
addition  of  potassium  chromate  to  a  solu¬ 
tion  of  the  ash  containing  chloride,  citrate, 
acetate,  and  ammonium  ions  at  pH  6.6  to 
7.4.  The  precipitation  is  accomplished  in 
a  centrifuge  tube  and  the  double  chromate 
is  separated  and  washed  by  centrifuging. 
Lead  is  determined  colorimetrically  by 
means  of  the  red  color  formed  by  diphenyl¬ 
carbazide  with  chromate.  Preliminary 
separation  of  lead  is  omitted.  Absence  of 
interference  by  other  metals  has  been 
demonstrated. 

CONCLUSIVE  diagnosis  of  chronic  lead  poisoning  usually 
requires  determination  of  lead  in  body  fluids  and  ex¬ 
creta.  Work  in  progress  ( 1 6)  suggests  that  chronic  lead  poison¬ 
ing  occurs  more  frequently  than  is  realized,  that  evidence  of 
exposure  often  is  lacking,  that  symptoms  often  are  atypical 
or  obscure,  that  harmful  effects  in  the  body  are  widespread, 
and  that  the  condition  often  is  unrecognized  in  the  clinic 
or  at  necropsy.  The  use  of  chemical  evidence  for  diagnosis 
of  lead  poisoning  has  been  reviewed  recently  by  Smith, 
Rathmell,  and  Marcil  (18)  and  Kaplan  and  McDonald  (11), 
who  point  out  the  superiority  of  blood  and  serum  analysis  for 
this  purpose.  However,  chemical  analysis  is  applied  less 
frequently  than  is  desirable  and  often  is  omitted. 

Measurement  of  the  minute  amounts  of  lead  in  blood  has 
been  accomplished  up  to  the  present  time  chiefly  by  extrac¬ 
tion  of  lead  with  dithizone  or  by  spectrographic  analysis. 
Although  the  introduction  of  dithizone  constituted  a  major  ad¬ 
vance  in  lead  microanalysis,  existing  techniques  require  train¬ 
ing  and  skill  of  an  order  not  available  to  many  laboratories. 
The  cost  of  dependable  apparatus  for  spectrographic  an¬ 
alysis  of  lead  restricts  its  use  to  a  few  institutions.  The 
authors’  purpose  is  to  describe  a  new  method  for  determina¬ 
tion  of  lead  in  biological  material  that  may  prove  more  con¬ 
venient  than  existing  methods  for  certain  types  of  analysis. 
Previous  experience  with  syra-diphenylcarbazide  as  a  quanti¬ 
tative  reagent  for  chromate  in  connection  with  development 
of  a  colorimetric  micromethod  for  chloride  (15)  indicated 
that  this  substance  would  be  satisfactory  for  the  determina¬ 
tion  of  lead  chromate  as  well.  Jones  (10)  has  found  diphenyl¬ 
carbazide  to  be  suitable  for  this  purpose.  However,  the  use 
of  diphenylcarbazide  as  a  reagent  for  lead  analysis  has  been 
criticized  adversely  by  Fairhall  (6),  Kehoe,  Thamann,  and 
Cholak  (13),  and  Cholak,  Hubbard,  McNary,  and  Story  (3). 
It  seemed  possible  that  the  unsatisfactory  experience  of  these 
workers  was  to  be  attributed  not  to  the  use  of  diphenylcar¬ 
bazide  itself  but  to  other  details  of  their  procedures. 

Investigation  along  these  lines  has  enabled  development  of 
a  new  method  for  the  determination  of  lead  by  means  of  sym- 
diphenylcarbazide.  The  new  method  is  simple,  utilizes 


operations  familiar  to  workers  in  biochemical  laboratories, 
and  presents  a  distinct  improvement  in  sensitivity  and  ac¬ 
curacy  over  existing  methods  employing  diphenylcarbazide. 
About  16  determinations  can  be  completed  within  24  hours 
without  difficulty  by  one  worker. 

Determination  of  Lead  in  Blood 

Hot  saturated  sodium  oxalate  (0.6  cc.,  low  in  lead)  dried  in  a 
Pyrex  tube  serves  as  anticoagulant  for  22  cc.  of  blood.  If  serum 
lead  is  also  desired,  collect  blood  in  a  tube  without  anticoagulant 
and  allow  to  clot.  Avoid  contamination  with  lead  in  collecting 
samples. 

Measure  10  cc.  of  blood  (suspending  thoroughly  any  pre¬ 
cipitated  oxalate)  or  serum  into  a  30-cc.  silica  evaporating  dish 
(with  spout)  containing  5  cc.  of  lead-free  water  for  whole  blood 
or  5  cc.  of  ferric  chloride  catalyst  for  serum.  Evaporate  to  dryness 
on  a  hot  plate,  increasing  the  temperature  gradually  as  danger 
of  foaming  or  spattering  diminishes.  Transfer  the  dish  to  an 
electric  muffle,  heat  at  low  temperature  until  material  is  charred, 
raise  the  temperature  to  450°  to  500°  C.,  and  continue  heating 
until  ashing  is  complete.  Cool  the  dish  and  add  1  cc.  of  con¬ 
centrated  nitric  acid  (2  cc.  if  amount  of  ash  is  large),  washing 
down  sides  of  dish.  Evaporate  carefully  to  dryness  on  a  hot 
plate,  replace  in  furnace,  and  continue  heating  until  any  re¬ 
maining  carbon  is  destroyed  (usually  about  30  minutes).  To  the 
dish  when  cool  add  5  cc.  of  20  per  cent  hydrochloric  acid,  washing 
down  the  sides  as  before.  Evaporate  cautiously  to  about  one- 
third  volume  on  the  asbestos-covered  hot  plate,  avoiding  evapora¬ 
tion  to  dryness,  cool,  add  2  cc.  of  20  per  cent  sodium  citrate 
solution  (again  washing  down  the  sides  of  the  dish)  and  1  drop  of 
phenol  red,  and  while  stirring  (with  Pyrex  rod)  add  concentrated 
ammonium  hydroxide  until  the  indicator  becomes  just  pink. 
Filter  through  a  4.25-cm.  (Whatman  No.  44)  paper,  washed  as 
directed  below,  into  a  15-cc.  centrifuge  tube  which  has  been 
selected  for  ability  to  retain  precipitate.  Wash  dish  and  paper 
four  times  with  1  cc.  of  0.1  N  ammonium  hydroxide.  Add  25  per 
cent  acetic  acid  sufficient  to  change  indicator  to  orange-yellow 
(avoid  excess  acid;  usually  1  to  3  drops  suffice).  Using  a  cali¬ 
brated  pipet,  add  precisely  1  cc.  of  standard  lead  acetate  solution 
containing  0.01  mg.  of  lead  and  follow  with  1  cc.  of  40  per  cent 
ammonium  acetate  solution,  added  so  as  to  wash  down  any 
material  on  the  walls  of  the  tube.  Add  1  cc.  of  30  per  cent  potas¬ 
sium  chromate  solution,  and  mix  completely  by  stirring  but  do 
not  scratch  or  rub  sides  of  tube.  Avoid  splashing  of  the  con¬ 
centrated  chromate  solution.  Cover  and  allow  to  stand  over¬ 
night. 

Remove  stirring  rod  and  wash  adherent  material  into  the 
centrifuge  tube  with  about  3  cc.  of  0.4  per  cent  ammonium 
acetate.  Centrifuge  10  minutes  at  about  2400  r.  p.  m.,  decant 
supernatant  fluid,  invert  tube,  and  drain  5  minutes.  Wipe  any 
remaining  fluid  from  the  mouth  of  the  tube.  Wash  with  10  cc 
of  0.4  per  cent  ammonium  acetate,  taking  care  to  wash  all  por¬ 
tions  of  the  inner  surface  of  the  tube,  suspend  the  precipitate  by 
stirring  gently,  and  wash  stirring  rod  as  before.  Centrifuge  for 
10  minutes,  decant,  and  drain  5  minutes.  Repeat  the  washing 
with  another  10-cc.  portion  of  ammonium  acetate  solution. 
Again  centrifuge,  and  after  draining  5  minutes  wipe  the  mouth  of 
the  tube,  replace  the  stirring  rod,  and  add  3  cc.  of  10  per  cent 
hydrochloric  acid,  washing  stirring  rod  and  walls  of  the  tube. 
Stir  until  the  precipitate  dissolves,  add  10  cc.  of  diphenylcarbazide 
solution,  remove  stirring  rod,  stopper,  and  mix  by  inversion. 
Allow  10  minutes  for  color  development. 

Measure  color  in  a  photoelectric  colorimeter  (green  filter, 
maximal  transmission  540  mu),  or  compare  in  colorimeter  with 
standard  lead  chromate  solutions  treated  with  diphenylcarbazide 
as  follows:  Measure  3  cc.  of  each  of  the  lead  chromate  working 
standards  into  test  tubes,  add  10  cc.  of  diphenylcarbazide  solu¬ 
tion,  mix,  and  allow  10  minutes  for  color  development.  The 
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0.03  (or  0.06)  X  0.5]  —  (blank),  where  S  =  reading  of  standard, 
U  reading  of  unknown,  and  0.03  and  0.06  represent  the  concentra¬ 
tion  of  lead  in  standards  1  and  2,  respectively.  The  blank  in¬ 
cludes  added  lead  (0.01  mg.)  plus  any  lead  present  in  the  reagents. 

To  determine  the  blank,  measure  5  cc.  of  lead-free  water,  or 
5  cc.  of  ferric  chloride  catalyst,  and  anticoagulant  in  amount 
actually  used  into  a  silica  dish.  Evaporate  to  dryness  and  ash 
in  electric  furnace.  When  cool,  proceed  as  described  for  blood. 
Once  the  amount  of  lead  in  the  reagents  employed  in  preparation 
of  the  sample  is  known,  determination  of  the  blank  may  be 
abbreviated  by  omitting  this  part  of  the  procedure,  and  substi¬ 
tuting  a  control  tube  containing  the  added  lead  and  remaining 
reagents. 

To  prepare  such  a  control  tube,  included  with  each  group  of 
unknowns,  measure  5  cc.  of  lead-free  water  into  a  15-cc.  centrifuge 
tube,  and  add  1  drop  of  phenol  red,  2  cc.  of  20  per  cent  sodium 
citrate,  1  drop  of  25  per  cent  acetic  acid,  exactly  1  cc.  of  standard 
lead  acetate  solution,  1  cc.  of  40  per  cent  ammonium  acetate 
solution,  and  1  cc.  of  30  per  cent  potassium  chromate  solution. 
Treat  according  to  the  directions  outlined  for  unknown  samples. 
To  the  result  representing  the  lead  taken  (0.01  mg.)  plus  lead  in 
the  reagents,  add  the  amount  of  lead  (if  any)  found  in  reagents 
used  in  preparing  the  sample,  as  given  by  the  blank.  Then  sub¬ 
tract  this  value  from  the  total  amount  of  lead  found  in  sample  and 
reagents.  Citric  acid  should  replace  sodium  citrate  when  the 
former  is  required  in  the  analytical  procedure.  In  this  case  neu¬ 
tralization  with  ammonia  is  necessary.  Cool  to  room  temperature 
before  proceeding. 

Cerebrospinal  Fluid.  Treat  10  cc.  as  directed  for  blood. 

Determination  of  Lead  in  Excreta,  Tissues,  and 

Foods 

Urine.  Collect  a  24-hour  sample  of  urine  in  an  acid-washed 
(preferably  Pyrex)  container  using  toluene  as  a  preservative. 
Add  5  cc.  of  20  per  cent  hydrochloric  acid  and,  making  certain 
that  all  sediment  is  dissolved  or  uniformly  suspended,  remove 
15-,  25-,  35-,  or  50-cc.  samples,  respectively,  if  the  24-hour  volume 
is  below  600,  between  600  and  1200,  between  1200  and  1500,  or 
over  1500  cc.  The  volumes  specified  for  samples  ordinarily  avoid 
unwieldy  amounts  of  ash.  Evaporate  the  urine  to  dryness  in  a 
silica  dish.  Ash  and  proceed  as  described  for  blood,  substituting 
2  cc.  of  50  per  cent  citric  acid  for  sodium  citrate.  Results  are 
best  expressed  on  the  basis  of  24-hour  excretions.  Analysis  of 
less  than  24-hour  collections,  or  calculation  on  a  per  liter  basis, 
may  lead  to  gross  misinterpretations. 

Feces.  Ash  a  0.2-gram  aliquot  of  a  well-mixed  sample  of 
dried  pulverized  feces.  Proceed  as  described  for  blood,  substi¬ 
tuting  2  cc.  of  50  per  cent  citric  acid  for  sodium  citrate.  If  de¬ 
sired,  larger  samples  can  be  ashed  and  dissolved  with  the  aid  of 
proportionately  larger  volumes  of  reagents,  diluted  to  volume, 
and  aliquots  equivalent  to  the  amount  specified  taken  for  an¬ 
alysis. 

Tissues.  Ash  a  0.1-  to  0.3-gram  portion  of  well-mixed  minced 
tissue  after  heating  at  low  heat  until  dry.  Analyze  as  described 
for  blood. 

Bone.  Ash  a  0.1-gram  sample  and  proceed  as  described  for 
blood.  Substitute  2  cc.  of  50  per  cent  citric  acid  for  sodium  cit¬ 
rate.  Treat  vascular  portions  of  bone  as  directed  for  tissues. 

Foods,  etc.  Ash  a  1-  to  2-gram  sample  of  well-mixed  dried 
ground  material  prepared  for  sampling  by  an  approved  pro¬ 
cedure  (1)  with  precautions  to  avoid  contamination.  Substitute 
2  cc.  of  50  per  cent  citric  acid  for  sodium  citrate.  Larger  samples 
can  be  taken,  if  desired,  as  described  for  feces. 

Water.  Evaporate  1  liter  or  more  of  water  and  ash  the  resi¬ 
due.  Use  50  per  cent  citric  acid  in  place  of  sodium  citrate. 

Reagents 

Distilled  water  for  preparation  of  reagents  and  for  use  in  the 
method  is  freed  from  lead  by  redistillation  in  a  Pyrex  still  after 
addition  of  a  few  drops  of  phosphoric  acid. 

Acetic  acid,  25  and  1  per  cent,  glacial  acetic  acid  diluted  with 
water. 

Ammonium  acetate,  40  per  cent  in  water,  filtered.  Ammonium 
acetate,  0.4  per  cent,  prepared  from  the  preceding,  and  stored  in 
cold. 

Ammonium  hydroxide,  concentrated  reagent  quality.  Am¬ 
monium  hydroxide,  approximately  0.1  N,  0.7  cc.  of  concentrated 
ammonium  hydroxide  diluted  to  100  cc.  with  water. 

Citric  acid,  50  per  cent,  lead-free  crystals,  dissolved  in  water 
and  filtered. 

Diphenylcarbazide,  0.02  per  cent.  Transfer  0.100  gram  of 
pulverized  si/rn-diphenylcarbazide  to  a  1000-cc.  beaker.  Add 
500  cc.  of  ammonia-free  distilled  water,  cover  with  a  watch 


glass,  and  dissolve  completely  by  boiling  several  minutes,  stirring 
if  necessary.  Cool,  dilute  to  500  cc.,  and  store  in  a  brown  bottle. 
It  will  keep  2  months  at  ordinary  room  temperature. 

Ferric  chloride  catalyst  for  ashing  of  serum,  approximately 
0.04  per  cent  ferric  chloride.  Dissolve  10  grams  of  ferric  chloride 
hexahydrate  in  1000  cc.  of  distilled  water.  Add  34  cc.  of  am¬ 
monium  hydroxide  with  stirring,  allow  precipitate  to  settle, 
decant,  collect  precipitate  on  a  Buchner  funnel,  and  wash  with 
about  3000  cc.  of  distilled  water,  then  twice  with  lead-free  water. 
Do  not  allow  precipitate  to  dry  before  washing  is  completed. 
Remove  the  precipitate,  dry  at  105°,  and  powder  in  mortar. 
Dissolve  0.1  gram  in  10  cc.  of  20  per  cent  hydrochloric  acid  by 
warming.  Dilute  to  250  cc.  with  lead-free  water. 

Hydrochloric  acid,  20  per  cent.  Distill  equal  parts  of  con¬ 
centrated  hydrochloric  acid  and  distilled  water  in  an  all-glass 
Pyrex  still. 

Hydrochloric  acid,  10  per  cent.  Dilute  23  cc.  of  concentrated 
hydrochloric  acid  to  100  cc.  with  water. 

Nitric  acid,  special  lead-free,  concentrated. 

Potassium  chromate,  30  per  cent.  Dissolve  60  grams  of  potas¬ 
sium  chromate  in  distilled  water  and  dilute  to  200  cc.  If  possible, 
allow  to  stand  14  days  or  more  before  filtering  through  Whatman 
No.  44  paper  which  has  been  washed  with  chromate  solution 
just  before  use.  Solutions  filtered  before  this  time  should  be 
refiltered  after  14  days. 

Phenol  red,  0.03  per  cent  aqueous. 

Sodium  citrate,  20  per  cent,  lead-free  salt,  dissolved  in  water 
and  filtered. 

Standard  lead  acetate  solution.  Dissolve  0.183  gram  of  lead 
acetate  trihydrate  in  1  per  cent  acetic  acid  and  dilute  accurately 
to  100  cc.  1  cc.  =  1  mg.  of  lead.  Dilute  standard  lead  acetate 
solution.  Dilute  1  cc.  of  the  preceding  to  100  cc.  with  1  per  cent 
acetic  acid.  1  cc.  =  0.01  mg.  of  lead. 

Standard  lead  chromate  solution.  Dissolve  39  mg.  of  lead  chro¬ 
mate  in  10  per  cent  hydrochloric  acid  and  dilute  to  100  cc.  in  a 
volumetric  flask.  1  cc.  =  0.25  mg.  of  lead.  It  will  be  stable  3 
months  or  more  if  stored  in  refrigerator.  For  working  standards 
1  and  2,  dilute  2  and  4  cc.,  respectively,  to  50  cc.  with  10  per 
cent  hydrochloric  acid,  thus  obtaining  solutions  equivalent  to 
0.01  and  0.02  mg.  of  lead  in  1  cc.  It  will  be  stable  in  cold  at 
least  3  weeks. 

Filtration  when  required  implies  use  of  ash-free  paper  washed 
with  lead-free  water.  Glassware  must  be  of  Pyrex  or  silica. 
Silica  dishes  are  stored  in  concentrated  hydrochloric  acid,  and 
centrifuge  tubes  are  stored  in  cleaning  solution,  after  thorough 
brushing  with  soap  suds.  Before  using,  dishes  and  tubes  are 
washed  with  running  tap  water,  distilled  water,  and  lead-free 
distilled  water.  Occasionally  silica  ware  contains  lead.  New 
dishes  should  be  ignited  and  treated  with  hot  concentrated  hy¬ 
drochloric  acid  before  use. 


Discussion  of  Method 

Dry-ashing  was  adopted  because  it  could  be  adapted  readily 
to  the  requirements  for  precipitation  in  a  centrifuge  tube. 
The  addition  of  5  cc.  of  lead-free  water  to  blood  and  of  the 
ferric  chloride  catalyst  to  serum  or  plasma  decreases  the  time 
required  for  ashing.  Rapid  combustion,  overheating,  or  pro¬ 
longed  heating  during  ashing  causes  serious  loss  of  lead.  The 
importance  of  proper  ashing  technique  has  been  emphasized 
recently  by  Fairhall  (4).  In  the  present  method,  ashing  and 
preparation  of  the  ash  solution  for  analysis  follow  in  a  general 
way  the  procedure  described  by  Horwitt  and  Cow gill  ( 9 ). 
Filtration  of  the  ash  solution  removes  insoluble  matter  which 
may  interfere  with  proper  packing  of  the  precipitated  chro¬ 
mate.  The  amount  of  such  material  is  minute  and  no  lead 
is  lost. 

Provision  is  made  to  overcome  the  interfering  effect  of 
phosphate  in  lead  analysis  by  the  use  of  small  samples,  known 
quantities  of  lead  being  added  to  accelerate  precipitate  forma¬ 
tion  and  to  secure  sufficient  bulk  for  centrifuging.  The 
presence  of  citrate  likewise  hinders  interference  by  phos¬ 
phate.  Preliminary  separation  of  lead  as  sulfide  or  sulfate 
has  been  omitted.  Instead,  lead  is  precipitated  directly  as 
chromate  from  a  solution  of  the  ash  of  the  material  being 
analyzed .  The  precipitated  chromate  is  separated  and  washed 
by  centrifuging  rather  than  by  filtration.  Separation  of  the 
chromate  precipitate  by  centrifuging  depends  for  success  upon 
the  use  of  suitable  centrifuge  tubes. 
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Table  I.  Influence  of  pH  on  Precipitation  of  Lead 
Potassium  Chromate  and  Lead  Chromate 

Lead  Found 


Acetic  Acid 

Calculated 

Calculated 

Concentration0 

pH 

Lead  Added 

as  PbCrO-i 

as  PbRCCrCbp 

%  ■ 

Mg. 

Mg. 

Mg. 

0 

7.4 

0.02 

0 . 0406 

0.0203 

0.1 

0.02 

0.0404 

0.0202 

0.3 

0.75 

0.02 

0 . 0406 

0 . 0203 

0.4 

0.02 

0.0406 

0.0203 

0.5 

6 . 65 

0.02 

0 . 0402 

0.0201 

0.6 

0.02 

0.0391 

0.0196 

0.2 

7.0 

0.02 

0.0408 

0 . 0204 

0.5 

6.65 

0.02 

0 . 0408 

0 . 0204 

1.0 

6.1 

0.02 

0 . 0336 

0.0168 

1.5 

5.7 

0.02 

0.0324 

0.0162 

1.8 

0.02 

0.0306 

0.0153 

2.0 

0.02 

0.0222 

0.0111 

2.2 

5!4 

0.02 

0 . 0206 

0.0103 

°  Calculated  in  terms  of  acetic  acid  in  relation  to  final  volume  and  disre¬ 
garding  neutralization  or  acetate  added  as  ammonium  acetate. 


Table  II.  Specificity  of  Diphenylcarbazide  Method 

Lead 

Mg./lOO  cc. 


Blood  0.067 

Blood  plus  1  mg.  of  Cu  as  CuSC>4  0.068 

Blood  plus  1  mg.  of  Zn  as  ZnCCsHjChH  0.069 

Blood  plus  1  mg.  of  Bi  as  BLOs.COs  0.068 

Blood  plus  1  mg.  of  Ag  as  AgNOs  0.069 


The  authors  have  used  15-mI.  graduated  Pyrex  centrifuge  tubes 
(Corning  Glass  Works  Catalog  No.  8080)  selected  to  conform  to 
the  following  measurements:  capacity  16  to  17  ml.,  uniform 
straight  taper  to  an  inside  diameter  of  3  to  3.5  mm.  at  bottom 
with  curvature  of  1.5-  to  1.75-mm.  radius  inside.  The  most  im¬ 
portant  criteria  are  that  the  tube  retain  unbroken  the  pad  of 
precipitate  when  inverted  during  draining,  and  that  it  drain 
cleanly.  The  suitability  of  tubes  can  be  established  by  a  test  run 
with  a  known  amount  of  standard  lead  solution.  Tubes  failing 
to  give  quantitative  recovery  are  rejected.  Proper  cleaning,  as 
directed,  likewise  is  essential.  Tubes  meeting  these  requirements 
can  be  obtained  on  special  order  from  the  Corning  Glass  Works. 

Silica  dishes  obtained  from  the  Thermal  Syndicate,  Ltd.,  have 
been  found  satisfactory. 

The  chromate  precipitate  is  washed  twice  with  ammonium 
acetate  solution.  A  single  thorough  washing  and  draining 
leaves  less  than  1  microgram  of  lead.  However,  a  second 
washing  has  been  included  to  assure  complete  removal  of 
soluble  chromate. 

The  reagent  used  for  development  of  color  consists  of  dilute, 
aqueous  si/w-diphenylearbazide  rather  than  a  stronger  solu¬ 
tion  in  acetic  acid  used  by  Cazeneuve  (2)  and  other  workers. 
This  modification  of  the  conditions  for  color  development 
stabilizes  the  color  for  hours.  Results  reported  have  been  ob¬ 
tained  by  comparison  in  a  visual  colorimeter  and  by  means 
of  a  photoelectric  colorimeter  (17). 

Precipitation  of  a  Double  Chromate  of  Lead 

The  chromate  precipitated  under  the  conditions  described 
differs  from  ordinary  lead  chromate  in  that  two  equivalents 
of  chromate  are  present  for  each  equivalent  of  lead.  For  this 
reason  the  factor  0.5  is  introduced  into  the  calculation. 

The  formation  of  a  chromate  differing  from  ordinary  lead 
chromate  was  not  anticipated  and  it  was  only  when  results 
consistently  twice  those  expected  were  obtained  that  an 
irregularity  was  suspected.  Lead  chromate  was  then  prepared 
on  a  larger  scale  but  under  conditions  similar  to  those  estab¬ 
lished  in  the  method,  except  that  the  precipitate  was  filtered 
on  a  Buchner  funnel,  washed  10  times  by  suspending  in  water, 
and  dried  at  110°  C.  overnight.  Titration  with  thiosulfate 
established  writh  presence  of  two  equivalents  of  chromate 
for  each  one  of  lead.  The  concentration  of  color  per  equivalent 
of  lead  formed  on  treating  with  diphenylcarbazide  was  exactly 
twice  that  given  by  a  standard  solution  of  lead  chromate. 
The  low  solubility  of  the  compound,  together  with  the  prac¬ 


tically  neutral  reaction  at  which  the  precipitate  formed, 
excluded  lead  dichromate.  It  seemed  probable,  therefore, 
that  a  double  chromate  of  lead  and  potassium  had  formed, 
like  that  obtained  by  Lachaud  and  LePierre  (14)  and  by 
Groger  (8)  under  different  conditions.  Analysis  of  0.0125 
gram  of  the  chromate  precipitate  for  potassium  by  the 
chloroplatinate  method  gave  0.00162  gram  of  potassium  as 
compared  with  a  theoretical  value  of  0.0018  gram  required 
for  PbCr04.K2Cr04.  The  evidence  obtained  therefore  in¬ 
dicates  that  the  latter  compound  is  formed. 

The  double  chromate  forms  only  within  a  limited  pH  range 
extending  from  pH  7.4  to  6.6  (Table  I)  as  determined  by  the 
glass  electrode.  When  the  pH  is  further  decreased,  the 
chromate  content  of  the  precipitate  decreases  until  at  pH 
5.4,  or  less,  lead  chromate  forms.  In  selecting  conditions  for 
the  precipitation  of  lead  as  chromate,  it  was  not  without 
hesitation  that  dependence  was  placed  upon  an  unfamiliar 
compound  rather  than  one  that  has  been  so  thoroughly  studied 
as  lead  chromate.  The  doubled  sensitivity  gained  by  use  of 
the  double  chromate,  together  with  the  consistent  results 
obtained  by  analysis  of  known  solutions  of  lead  salts,  de¬ 
termined  the  choice.  However,  it  is  entirely  feasible  by  alter¬ 
ing  the  pH  of  precipitation  to  carry  out  the  method  based 
upon  separation  of  ordinary  lead  chromate.  Actually  this 
was  done  for  several  months  while  the  technique  was  being 
developed  and  before  the  existence  of  the  double  chromate  was 
known  and  the  advantage  offered  by  its  use  was  appreciated. 
The  results  were  satisfactory.  The  double  chromate  is 
sufficiently  stable  to  withstand  washing  with  ammonium 
acetate  solution.  It  is  not  decomposed  by  cold  or  hot  water. 

Previous  methods  for  determination  of  lead  by  precipita¬ 
tion  as  chromate  have  stressed  the  importance  of  separating 
lead  from  other  metals  before  proceeding  with  the  precipita¬ 
tion  of  lead  chromate.  However,  Funk  and  Schormuller  (7) 
found  that  lead  could  be  precipitated  quantitatively  from 
solutions  containing  copper,  mercurous,  or  mercuric  ions. 
Karaoglanov  and  Michov  (12)  state  that  lead  can  be  separated 
as  chromate  from  copper,  silver,  nickel,  calcium,  barium, 
strontium,  manganese,  zinc,  cadmium,  aluminum,  and  iron. 
For  this  reason  the  authors  anticipated  no  difficulty  because 
of  the  presence  in  biological  material  of  other  metals  listed 
as  having  insoluble  chromates.  It  seemed  necessary,  how¬ 
ever,  to  establish  specificity  of  a  method  based  on  the  forma¬ 
tion  of  a  double  chromate.  The  results  of  experiments  de¬ 
signed  to  test  possible  interference  from  other  metals  found 
in  biological  material  are  shown  in  Table  II.  Each  metal 
was  added  to  blood  samples  in  amounts  greatly  exceeding 
the  highest  possible  concentration  in  this  or  other  tissues  and 
in  excreta  other  than  feces.  The  results  demonstrate  that 
interference  from  these  sources  is  avoided  and  that  omission 
of  preliminary  isolation  of  lead  is  permissible. 


Table  III.  Analysis  of  Solutions  of  Lead  Acetate 


Lead  Present 

Lead  Found 

Lead  Present 

Lead  Found 

Mg. 

Mg. 

Mg. 

Mg. 

0.0050 

0.0048 

0.0200 

0.0200 

0.0050 

0.0051 

0 . 0300 

0.0299 

0 . 0050 

0 . 0050 

0.0300 

0.0301 

0.0100 

0 . 0098 

0.0300 

0.0300 

0.0100 

0.0099 

0 . 0300 

0.0298 

0.0100 

0.0100 

0 . 0300 

0.0303 

0.0100 

0.0103 

0.0400 

0.0398 

0.0100 

0.0098 

0 . 0400 

0.0400 

0.0100 

0.0101 

0.0400 

0.0402 

0.0100 

0.0100 

0.0400 

0.0405 

0.0100 

0.0102 

0 . 0400 

0.0399 

0 . 0200 

0.0201 

0.0500 

0 . 0498 

0.0200 

0.0198 

0.0500 

0.0502 

0 . 0200 

0 . 0202 

0.0500 

0.0501 

0.0200 

0 . 0204 

0.0600 

0 . 0603 

0 . 0200 

0 . 0200 

0.0600 

0.0600 

0.0200 

0.0201 
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Table  IV.  Recovery  of  Lead  Added  to  Blood 


Lead 

Lead 
Added  to 

Added 

Difference 
between  Added 

Added  to 

Solution 

Lead 

and  Recovered 

No. 

Leada 

Blood 

of  Ash6  Recovered 

Lead 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

0.0060 

0.0011 

0.01 

0  0107 

-0.0004 

2 

0.0060 

0 . 0024 

0.01 

0.0133 

0 . 0009 

3 

0.0060 

0.0036 

0.01 

0.0140 

0 . 0004 

4 

0 . 0060 

0.0042 

0.01 

0.0155 

0.0013 

5 

0.0064 

0 . 0060 

0.01 

0.0154 

-0.0006 

6 

0.0028 

0.0100 

0.0099 

-0.0001 

7 

0 . 0028 

0.0100 

0.0100 

0 

8 

0 . 0028 

0.0100 

0.0100 

0 

9 

0.0028 

0.0100 

0.0101 

0.0001 

10 

0.0028 

0.0100 

0.0100 

0 

11 

0.0028 

0.0100 

0.0098 

-0.0002 

12 

0.0044 

0.0100 

0.0102 

0 . 0002 

13 

0.0064 

0.0120 

0.0115 

-0.0005 

14 

0.0064 

0.0160 

0.0148 

-0.0012 

15 

0.0028 

0 . 0200 

0.0200 

0 

16 

0 . 0044 

0.0200 

0 . 0204 

0 . 0004 

17 

0.0064 

0.0250 

0.0270 

0 . 0020 

18 

0 . 0028 

0.0300 

0.0300 

0 

19 

0 . 0044 

0.0300 

0 . 0304 

0 . 0004 

20 

0.0044 

0 . 0400 

0.0403 

0.0003 

a  Figures  in  second  and  sixth  columns  can  be 
00  cc.  by  multiplying  by  10. 
t  As  described  in  procedure. 

converted  to  mg.  of  lead  per 

Table  V.  Comparison  of  Methods  for  Analysis  of 

Blood 

Lead  Recovery 

Type  of  Blood 

No. 

Diphenylcarbazide  Dithizone 

Mg.  per  100  cc. 

Normal 

5258 

0.015 

0.020 

5128 

0.027 

0.019 

1189a 

0.028 

0.045 

5238 

0.029 

0.049 

888a 

0.031 

0.028 

928 

0.036 

0.045 

858 

0.048 

0.038 

558 

0.049 

0.051 

4138 

0.140° 

0.037“ 

Lead  poisoning 

888b 

0.080 

0.067 

2149 

0.103 

0.092 

1239 

0.110 

0.089 

2189 

0.117 

0.105 

1189b 

0.124 

0.085 

2119a 

0.136 

0.115 

1179 

0.145 

0.145 

2119b 

0.150 

0.128 

1279 

0.167 

0.224 

Av.  0.082 

0.079 

a  Omitted  from  calculation  of  average. 


Analysis  of  Biological  Material 

Table  III  demonstrates  the  suitability  of  the  method  for 
determination  of  lead  in  quantities  found  in  samples  of 
clinical  material  of  a  size  readily  obtainable.  There  is  no 
significant  deviation  from  the  theoretical  at  any  concentra¬ 
tion  of  lead  tested.  It  is  apparent  that  addition  of  0.01  mg. 
of  lead  as  directed  could  be  omitted  when  the  lead  present 
exceeds  this  amount.  The  authors  have  found  it  convenient, 
however,  to  make  this  addition  to  all  unknowns. 

It  is  apparent  from  Table  IV  that  lead  added  to  blood  can 
be  determined  with  sufficient  accuracy  to  enable  the  new 
diphenylcarbazide  method  to  be  used  with  assurance.  Lead 
was  added  in  amounts  to  include  a  wide  range  of  values  en¬ 
countered  in  body  fluids. 

Table  V  shows  a  series  of  analyses  made  for  the  purpose  of 
comparing  the  results  of  the  diphenylcarbazide  method  with 
the  dithizone  method  of  Horwitt  and  Cowgill  (9).  Satis¬ 
factory  agreement  is  shown,  with  one  exception,  in  bloods  of 
both  low  and  high  lead  concentrations.  The  difference  be¬ 
tween  the  averaged  results  is  not  significant.  However,  at 
high  lead  concentrations  the  diphenylcarbazide  method  gives 
slightly  higher  results  than  the  Horwitt  and  Cowgill  method. 
This  is  attributed  to  somewhat  low  recoveries  given  by  the 
latter  in  this  range. 

Table  VI  shows  lead  concentrations  found  by  means  of  the 
new  method  in  blood  of  normal  subjects  and  of  patients  who 
had  had  no  known  exposure  to  lead.  The  average  normal 
value,  0.03  mg.  per  100  cc.,  is  close  to  the  averages  found  in 


larger  groups  by  Kaplan  and  McDonald  (11),  Willoughby 
and  Wilkins  (19),  and  Smith,  Rathmell,and  Marcil  (18)  who 
made  analyses  by  the  dithizone  method.  The  table  includes 
also,  in  the  right-hand  column,  typical  results  obtained  in 
the  presence  of  chronic  lead  intoxication. 

Table  VII  shows  slightly  higher  results  by  the  diphenyl¬ 
carbazide  method  than  by  Fairhall’s  titrimetric  method  (5) 
for  determination  of  lead  in  urine.  However,  it  is  the  ex¬ 
perience  of  the  authors  as  well  as  of  others  that  the  Fairhall 
method  tends  to  give  low  results,  and  the  differences  found  do 
not  exceed  errors  encountered  by  them  in  the  past  in  applying 
the  method  to  analysis  of  urine.  The  upper  limit  of  normal 
urinary  lead  excretion  has  been  established  tentatively  at  0.08 
mg.  per  24  hours.  The  new  method  has  been  used  extensively 
also  for  analysis  of  tissues  and  in  Table  VIII  are  shown 
typical  results  for  kidney.  Because  case  histories  and  other 
evidence  bearing  on  diagnoses  of  certain  of  the  patients  in¬ 
cluded  are  incomplete,  it  is  not  intended  that  the  table  be 
used  as  a  guide  to  post-mortem  diagnosis.  Instead,  it  is 
presented  to  demonstrate  that  tissues  containing  lead  in 
amounts  that  vary  over  wide  limits  can  be  analyzed  without 
difficulty.  Among  other  tissues  that  have  been  examined 
by  means  of  the  new  method  are  brain,  liver,  spleen,  bone, 
fingernails,  hair,  and  pituitary  and  pineal  glands.  Lead  was 
found  in  all  except  fingernails  and  hair. 

While  no  data  are  shown,  the  diphenylcarbazide  method 
has  been  applied  to  the  analysis  of  a  variety  of  foods.  Analysis 
of  feces  by  the  new  method  gave  results  in  close  agreement 
with  those  given  by  the  dithizone  method. 

The  method  has  been  used  for  about  2  years  for  routine 
lead  analysis  in  Philadelphia  General  Hospital,  and  results 
have  correlated  well  with  clinical  findings.  Where  unusual 
or  unexpected  results  were  obtained,  verification  by  means 


Table  VI. 

Blood  Lead  Concentrations  Measured  by 

New  Diphenylcarbazide  Method 

Lead  in 

Normal  Blood 

Lead  Poisoning 

No. 

No. 

Mg./ 100  cc. 

Mg./ 100  cc. 

1 

0.009 

22 

0.060 

2 

0.010 

23 

0.064 

3 

0.014 

24 

0.080 

4 

0.014 

25 

0.080 

5 

0.015 

26 

0.091 

6 

0.015 

27 

0.095 

7 

0.024 

28 

0 . 095 

8 

0.027 

29 

0.098 

9 

0.028 

30 

0.099 

10 

0.029 

31 

0.103 

11 

0.030 

32 

0.110 

12 

0.030 

33 

0.110 

13 

0.031 

34 

0.111 

14 

0.035 

35 

0.117 

15 

0.036 

36 

0.124 

16 

0.038 

37 

0.134 

17 

0.040 

38 

0.136 

18 

0.048 

39 

0.136 

19 

0.048 

40 

0.140 

20 

0.049 

41 

0.146 

21 

0.050 

42 

0.150 

47 

0.028 

43 

0.167 

44 

0.189 

45 

0.235 

46 

0.080 

Mean  0.0295  =*=  0. 

.0029  (standard  error) 

Table  VII. 

Comparison  of 

Methods  for  Analysis  of  Urine 

Diphenylcarbazide 

Fairhall 

No. 

Method 

Method 

Difference 

1 

0.025 

0 . 038 

-0.013 

2 

0.036 

0.040 

-0.004 

3 

0.059 

0.050 

0.009 

4 

0.088 

0.100 

-0.012 

5 

0.140 

0  110 

0.030 

6 

0.203 

0.210 

-0.007 

7 

0.210 

0.207 

0.003 

8 

0.250 

0.200 

0.050 

9 

0.310 

0.240 

0.070 

10 

0.447 

0.375 

0.072 
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Table  VIII.  Analysis  of  Kidney  fob  Lead  by 
Diphenylcarbazide  Method 


Normal  or 

Lead  Poisoning 

No. 

Unexposed0 

No. 

Proved  or  Suspected 

Mg./lOO  g.b 

Mg./lOO  g.b 

1 

0.54 

15 

1.50 

2 

0.55 

16 

1.62 

3 

0.58 

17 

1.65 

4 

0.58 

18 

1.70 

5 

0.58 

19 

2.22 

6 

0.58 

20 

2.27 

7 

0.63 

21 

4.10 

8 

0.68 

22 

4.51 

9 

0.74 

23 

4.60 

10 

0.74 

24 

5.00 

11 

0.90 

25 

5.33 

12 

1.10 

26 

5.80 

13 

1.10 

27 

7.69 

14 

1.13 

28 

14.00 

°  No  recorded  symptoms  attributed  to  lead  and  no  known  recent  exposure. 
b  Mg.  in  100  grams  of  whole  dry  kidney,  medial  slice,  including  cortex  and 
medulla. 


of  the  dithizone  method  has  steadily  increased  confidence  in 
the  new  procedure.  Experience  indicates  that  the  method 
is  suitable  for  use  as  a  diagnostic  aid  in  establishing  the 
presence  of  lead  poisoning  or  absorption  of  lead. 
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Identification  of 

2-Aminoethanol 

BERNHARD  REISER 
Tretolite  Company,  St.  Louis,  Mo. 

IN  AQUEOUS  solution  2-aminoethanol  (ethanolamine, 
monoethanolamine)  can  be  identified  readily  by  reacting 
with  phthalic  acid  and  confirming  the  melting  point,  127°  C., 
of  the  resulting  2-hydroxyethylphthalimide : 

COv 

>NCH2CH2OH 
CO/ 

Procedure.  Mix  equimolar  proportions  of  phthalic  acid  and 
the  2-aminoethanol — for  example,  dissolve  0.166  gram  of  phthalic 
acid  in  hot  water  and  add  it  to  the  aqueous  solution  containing 
0.061  gram  of  2-aminoethanol.  The  concentration  of  2-amino- 
ethanol  in  the  sample  must  be  assumed  or  be  determined  by  some 
means  such  as  titration  with  hydrochloric  acid.  One  cubic 
centimeter  of  1  A  hydrochloric  acid  =  0.061  gram  of  2-amino¬ 
ethanol. 

Evaporate  the  solution  to  dryness  and  heat  the  residue  at 
210°  C.  for  about  5  minutes.  2-Hydroxyethylphthalimide  (2) 
will  be  formed  in  quantitative  yield.  Recrystallize  from  water, 
or,  if  inorganic  impurities  such  as  potassium  chloride  or  sulfate 
are  present,  from  an  anhydrous  solvent  such  as  benzene  or  abso¬ 
lute  alcohol.  The  resulting  diamond-shaped  plates  melt  at 
127°  C. 

Conversely,  this  reaction  can  be  used  for  the  identification 
of  phthalic  acid. 

Identification  by  Oxalic  Acid 

2-Aminoethanol  can  also  be  identified  in  aqueous  solution 
by  reacting  with  oxalic  acid  and  confirming  the  melting  point, 
199-200°  C.  uncorrected  (correction,  +3.8°  C.),  of  the  re¬ 
sulting  salt  formed  by  the  oxalic  acid  and  the  amine 

rcooT— 

[NH3CH2CH2OH]+  LcooJ 

In  addition,  this  salt  may  be  converted  to  N,N'-bis-(2- 
hydroxyethyl)-oxamide,  which  has  a  melting  point  of  168°  C. 
uncorrected  (correction,  +2.4°  C.). 

CO — NHCH2CH2OH 

CO— NHCH2CH2OH 


Pbesented  before  the  Division  of  Biological  Chemistry  at  the  97th  Meeting 
of  the  American  Chemical  Society,  Baltimore,  Md. 


Mortar  and  Pestle  for  Powdering  Glass 

H.  L.  WUNDERLY,  Renziehausen  Laboratory, 
Children’s  Hospital  of  Pittsburgh,  Pittsburgh,  Penna. 

4N  INEXPENSIVE,  convenient,  and  safe  mortar  and 
pestle  for  powdering  glass  have  been  devised  in  this  labo¬ 
ratory.  The  mortar  consists  of  5  inches  of  1-inch  iron  pipe 
(nipple),  on  one  end  of  which  is  screwed  a  pipe  cap,  loosely 
fitted  in  order  to  facilitate  removal  of  the  powdered  glass. 
The  pestle  is  a  16-inch  length  of  0.75-inch  iron  rod,  threaded 
at  one  end  and  fitted  with  a  large  iron  nut  having  a  diameter 
a  little  greater  than  1  inch.  The  nut  is  tightly  adjusted  to 
the  rod  and  trimmed  by  a  silicon  carbide  wheel  to  a  size  that 
will  permit  it  to  be  inserted  with  ease  into  the  mortar.  The 
nut  and  rod  are  ground  at  the  end  until  a  flat  pounding 
surface  is  attained. 


Procedure.  Mix  equimolar  proportions  of  oxalic  acid  and  2- 
aminoethanol — for  example,  dissolve  0.090  gram  of  oxalic  acid  in 
water  and  add  it  to  the  aqueous  solution  containing  0.061  gram 
of  the  2-aminoethanol.  Evaporate  the  solution  to  dryness  and 
heat  the  residue  at  110°  C.  for  5  minutes.  Recrystallize  from  70 
per  cent  alcohol.  The  resulting  elongated  hexagonal  plates  melt 
with  decomposition  at  199-200°  C.,  uncorrected.  The  salt  is 
very  soluble  in  water,  and  insoluble  in  absolute  alcohol  or  glacial 
acetic  acid. 

Analysis  for  CeHieOe^:  calculated,  N  13.20,  oxalic  acid  42.5; 
found,  N  12.65,  oxalic  acid  44.0  per  cent. 

If  heated  past  the  melting  point  to  about  222°  C.,  brisk  boiling 
occurs  with  formation  in  good  yield  of  N,N'-bis-(2-hydroxy- 
ethyl)-oxamide,  melting  point  168°  C.,  uncorrected.  This  ma¬ 
terial,  prepared  in  a  different  manner,  has  been  previously  de¬ 
scribed  ( 1 ). 

This  reaction  may  also  be  used  for  the  identification  of 
oxalic  acid. 
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An  Improved  Mobilometer 

For  Measuring  Consistency  of  Fluid  and  Semifluid  Greases 

K.  C.  COMBES,  C.  S.  FORD,  and  W.  S.  SCHAER 
Standard  Oil  Development  Company,  Standard  Inspection  Laboratory,  Bayonne,  N.  J. 


The  Gardner  mobilometer,  which  is  a 
special  type  of  falling- weight  viscometer,  is 
reasonably  satisfactory  for  determining  the 
consistency  of  fluid  and  semifluid  greases, 
but  has  a  number  of  defects  which  have 
been  corrected  in  a  new  and  improved 
instrument,  designated  as  the  S.  I.  L.  mo¬ 
bilometer. 

A  NEED  has  long  been  felt  for  an  instrument  or  a  method 
for  the  determination  and  expression  of  the  consistency 
of  fluid  and  semifluid  greases  that  are  too  mobile  to  be  tested 
with  the  A.  S.  T.  M.  penetrometer  ( 1 ).  The  latter  gives  satis¬ 
factory  results  for  the  solid  or  heavier  types  of  greases  but 
with  soft  greases  having  penetrations  higher  than  360  the 
results  are  usually  erratic.  Efflux  viscometers  such  as  the 
Saybolt  are  not  suitable  for  testing  these  products,  which  are 


not  true  liquids  and  which  sometimes  change  their  character¬ 
istics  when  heated. 

Torsion  viscometers  such  as  the  MacMichael  (5)  or  Stor- 
mer  {2,  4,  8)  have  been  used  for  testing  fluid  or  semifluid 
greases  but  are  not  usually  regarded  as  entirely  practical  for 
routine  use  in  the  petroleum  industry.  The  Gardner  mobilom¬ 
eter  (3,  6,  7),  which  is  a  special  type  of  falling-weight  viscom¬ 
eter,  has  been  considered  preferable  to  the  torsion  type  of 
instrument,  and  is  rather  extensively  used. 

The  Gardner  instrument  is  supplied  with  a  set  of  three 
perforated  disks  and  may  be  operated  with  a  variety  of  loads, 
so  that  it  is  applicable  to  practically  the  entire  range  of  fluid 
and  semifluid  greases.  As  used  in  the  authors’  laboratory, 
however,  it  was  found  to  have  a  number  of  defects,  and  the 
work  undertaken  to  remedy  them  resulted  in  the  development 
of  a  new  instrument,  which  differs  from  the  Gardner  in  so 
many  respects  that  it  has  been  designated  as  the  S.  I.  L. 
(Standard  Inspection  Laboratory)  mobilometer. 

The  characteristic  features  of  the  S.  I.  L.  mobilometer  are: 

(1)  the  use  of  a  perforated  cone  instead  of  a  perforated  plate 
as  the  part  that  moves  through  the  oil  or  grease  under  test; 

(2)  the  use  of  a  positive  but  almost  frictionless  guide  bearing 
for  the  rod  that  carries  the  cone  and  weights;  and  (3)  a  general 
design  that  permits  rugged,  accurate  construction,  resulting 
in  maximum  ease  and  convenience  in  operation. 

Apparatus 

Figure  1  shows  diagrammatically  the  assembly  of  the  in¬ 
strument.  It  consists  essentially  of  (1)  a  base  plate  with  a 
column  and  side  arm  to  carry  the  split  bearing,  (2)  a  water 
jacket  to  control  temperatures,  (3)  a  cylinder  to  hold  the  sam¬ 
ple  under  test,  and  (4)  a  plunger  assembly  consisting  of  a 
shaft  having  a  carefully  designed  perforated  cone  mounted 
on  the  lower  end  and  a  weight  holder  on  the  upper  end.  An 
accessory  device  shown  in  Figure  2  is  a  “worker”,  consisting 
of  a  perforated  disk  mounted  on  a  rugged  shaft.  Figure  2 
shows  details  of  the  perforated  cone,  the  weight  holder,  and 
the  weights. 

The  cylinder,  which  screws  into  the  base  plate,  is  patterned 
after  the  Gardner  mobilometer  cylinder  and  is  fitted  with  a  re¬ 
movable  bottom  to  facilitate  cleaning.  It  is  made  of  metal 
sufficiently  heavy  to  permit  machining  to  a  uniform  diameter  of 
3.9  cm.  throughout  its  length  of  23  cm.  A  filling  mark  is  in¬ 
scribed  on  the  inside  of  the  cylinder,  20  cm.  from  the  bottom. 
The  cylinders  are  interchangeable  and,  if  desired,  a  number  of 
them  may  be  used  with  one  instrument. 

The  base  plate,  equipped  with  leveling  adjusters,  supports 
a  vertical  rod  and  side  arm  which  in  turn  holds  a  split  bearing 
situated  directly  over  and  5  cm.  (2  inches)  above  the  cylinder. 
The  vertical  support  moves  on  a  pivot,  allowing  the  arm  to  swing 
away  from  the  cylinder.  The  split  bearing  serves  as  a  guide  for 
the  plunger  and  permits  the  removal  of  the  plunger  assembly  for 
cleaning  before  and  after  tests. 

The  plunger  assembly  consists  of  a  light  (15  grams)  or  heavy 
(90  grams)  shaft  having  a  weight  holder  attached  to  one  end  and 
a  removable  cone  attached  to  the  other  end.  The  shafts  are  made 
of  stainless  steel  30.5  cm.  long  and  6.35  mm.  in  diameter,  with  two 
marks  10  cm.  apart  inscribed  thereon.  The  cone  is  made  from  an 
aluminum  shell  having  an  angle  of  75°.  It  is  2.54  cm.  in  height, 
3.8  cm.  in  diameter  at  the  base,  and  has  a  center  shank  for  at¬ 
taching  to  the  shaft.  Two  rows  of  seven  equally  spaced  holes 
are  drilled  parallel  to  the  axis  of  the  cone  and  seven  equally  spaced 
semicircular  recesses  or  notches  are  located  in  the  outer  rim.  The 
holes  of  the  outer  row  are  staggered  in  relation  to  the  notches 
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Projection  of  Worker  and  Cone7  Coney  Shaft  —j  Weight 

Holder/ 


Worker 


H.  7Z 


3  2= 


Plunger  Assembly 


=D 


Adapter  5-Gram  1-Gram  100-Gram 

Typical  Weights 

Figure  2.  Details  of  Plunger  Assembly,  Worker,  and  Weights 


a  second  if  the  bath  temperature  is  maintained 
to  ±0.1°  F.  and  if  the  material  tested  is  homo¬ 
geneous. 

Results.  Table  I  shows  results  of  tests  of 
typical  samples  of  greases  ranging  from  the 
semisolid  to  the  most  fluid  type  and  between 
the  two  limits  of  the  S.  I.  L.  mobilometer. 

Table  II  shows  consistency  numbers  corre¬ 
sponding  to  a  series  of  load-time  figures  and 
eliminates  the  necessity  of  making  computa¬ 
tions  unless  an  unusual  degree  of  precision  is 
necessary.  In  case  it  is  preferred  to  use  a 
chart  instead  of  a  table  to  avoid  computations, 
one  can  be  prepared  by  plotting  two  points 
from  Table  II  on  log-log  paper  and  drawing 
a  straight  fine  through  them. 


and  the  holes  in  the  inner  row.  The  diameters  of  the  holes  and 
the  recesses  are  3.15  and  4.15  mm.,  respectively.  The  diameters 
of  the  circles  passing  through  the  centers  of  the  holes  in  the  inner 
and  outer  rows  are,  respectively,  2.937  and  4.604  cm.  The  total 
weight  of  the  plunger  assembly  is  25  grams  when  the  light  shaft 
is  used  and  100  grams  when  the  heavy  shaft  is  used. 

The  weights,  ranging  from  1  to  300  grams,  are  interlocking 
and  are  recessed  to  fit  the  weight  holder  on  the  plunger  assembly 
and  to  fit  each  other.  They  are  so  designed  that  the  load  will  be 
applied  directly  over  the  center  of  the  plunger,  thus  preventing 
side  pressure  which  would  occur  with  an  unbalanced  load. 

The  worker  consists  of  a  rod  and  perforated  disk.  The  perfora¬ 
tions  are  drilled  to  correspond  with  the  holes  and  notches  in  the 
cone  and  are  of  the  same  size. 

The  bath  is  of  1.9-liter  (2-quart)  capacity  and  has  a  spigot 
located  at  the  bottom  for  drainage  purposes.  It  screws  into  the 
base  plate  and  is  recessed  to  allow  the  cylinder  to  be  screwed  into 
it. 

Procedure 

The  cylinder  is  filled  to  the  20-cm.  mark  with  the  grease  to 
be  examined,  and  the  cylinder  is  placed  in  the  bath  and  brought 
to  the  test  temperature  of  77°  F.  (25°  C.).  The  worker  is  passed 
through  the  grease  with  ten  up  and  ten  down  strokes.  The  time 
per  single  stroke  should  not  be  less  than  about  3  seconds  and  the 
worker  must  be  almost,  but  not  completely,  withdrawn  from  the 
grease  between  strokes,  as  this  may  cause  the  inclusion  of  air 
bubbles.  The  25-gram  plunger  assembly,  without  added  weights, 
is  fitted  into  the  split  bearing  and  the  point  of  the  cone  is  brought 
to  the  surface  of  the  grease. 

The  assembly  is  released  and  the  time  for  the  two  marks  on  the 
shaft  to  pass  a  reference  point  is  recorded  by  means  of  a  stop 
watch.  The  marks  on  the  shaft  are  so  placed  that  the  timing 
period  indicates  the  passage  of  the  cone  through  the  center  por¬ 
tion  of  the  sample  being  tested.  If  this  time  is  32  seconds  or  less, 
three  runs  are  made  and  the  consistency  number  is  calculated 
from  the  formula,  using  the  average  time.  If  the  time  of  passage 
exceeds  32  seconds,  weights  are  added  to  the  plunger  assembly 
until  the  time  of  passage  is  reduced  to  between  30  and  32  seconds. 
Two  additional  determinations  are  made  with  these  added 
weights.  The  average  time  of  the  three  determinations  is  used 
in  calculating  the  consistency  number. 

The  consistency  number  of  the  sample  is  calculated  from  the 
following  formula: 

Consistency  number  =  ..  — 

</L  XT 

L  =  load,  or  weight  of  plunger  assembly  +  grams  added 
T  =  time,  in  seconds 

Data 

Range  of  Instrument.  By  the  use  of  the  above  formula 
arbitrary  values  have  been  calculated  for  products  ranging  in 
consistency  from  an  approximate  A.  S.  T.  M.  penetration  of 
380  to  approximately  300  seconds’  Saybolt  viscosity  at  100°  F. 
From  these  values,  greases  may  be  designated  as  having 
consistency  numbers  from  380  to  1330  as  determined  by  the 
S.  I.  L.  mobilometer,  the  lighter  products  having  the  higher 
consistency  numbers. 

Precision  of  Instrument.  The  times  of  tests  obtained 
with  this  instrument  are  reproducible  to  within  a  fraction  of 


Table  I.  S.  I.  L.  Consistencies  of  Typical  Samples 


Lime  soap 

Time 

Sec. 

31 

Load 

Grams 

510 

Load- 

Time 

Product 

15,810 

Arbitrary 

S.  I.  L.  Con¬ 
sistency 
Numbers 
at  77°  F. 

445 

Soda  soap 

32 

400 

12,800 

471 

Soda  and  lime  soap 

31 

240 

7,440 

540 

Soda  soap 

30 

225 

6,750 

553 

Aluminum  soap 

31 

160 

4,960 

597 

Lime  soap 

31 

155 

4,805 

601 

Soda  and  lime  soap 

30 

125 

3,750 

640 

Lime  soap 

31 

100 

3,100 

670 

Soda  and  lime  soap 

32 

85 

2,720 

691 

Aluminum  soap 

31 

75 

2,325 

720 

Lime  soap 

32 

45 

1,440 

814 

Lime  soap 

30 

32 

960 

900 

Lime  soap 

27 

25 

675 

981 

Lime  soap 

14 

25 

350 

1,158 

Lime  soap  (very  fluid) 

10 

25 

250 

1,255 

Table  II.  Computation  of  S.  I.  L.  Mobilometer 
Consistency 


Load-Time 

Arbitrary  S.  I.  L. 
Consistency 

Load- Time 

Arbitrary  S.  I.  L. 
Consistency 

Product 

Value 

Product 

Value 

200 

1,330 

2,200 

732 

225 

1,290 

2,400 

715 

250 

1,255 

2,600 

701 

275 

1,230 

2,800 

688 

300 

1,205 

3,000 

675 

325 

1,179 

3,200 

666 

350 

1,158 

3,400 

657 

375 

1,137 

3,600 

646 

400 

1,119 

3,800 

637 

425 

1,101 

4,000 

629 

450 

1,089 

4,500 

611 

475 

1,070 

5,000 

595 

500 

1,059 

5,500 

581 

550 

1,032 

6,000 

568 

600 

1,010 

6,500 

557 

650 

990 

7,000 

549 

700 

973 

8,000 

530 

750 

955 

9,000 

515 

800 

940 

10,000 

500 

850 

926 

11,000 

489 

900 

912 

12,000 

479 

950 

900 

13,000 

469 

1,000 

890 

14,000 

460 

1,100 

870 

15,000 

452 

1,200 

850 

16,000 

445 

1,300 

833 

18,000 

428 

1,400 

820 

20,000 

422 

1,500 

805 

22,000 

410 

1,600 

792 

24,000 

401 

1,700 

781 

26,000 

394 

1,800 

770 

28,000 

386 

1,900 

758 

30,000 

379 

2,000 

747 

Summary  and  Conclusions 

The  results  obtained  to  date  on  all  types  of  fluid  and  semi¬ 
fluid  greases  indicate  that  the  S.  I.  L.  mobilometer,  because  of 
its  construction,  is  applicable  not  only  to  the  lightest  type  of 
thickened  mineral  oils  but  also  to  heavy  semifluid  greases 
having  an  A.  S.  T.  M.  penetration  of  about  380.  The  method 
of  reporting  results  in  terms  of  S.  I.  L.  consistency  numbers 
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should  be  helpful  in  understanding  the  relative  fluidity  of 
those  greases  having  consistencies  which  cannot  be  deter¬ 
mined  with  the  A.S.T.M.  penetrometer. 

The  authors  are  also  of  the  opinion  that  this  instrument 
might  be  applied  successfully  to  other  fluid  and  semifluid 
products,  such  as  paints,  varnishes,  emulsions,  etc. 
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Thermoelectric  Absorptiometer  for 

Analytical  Work 

HOBART  H.  WILLARD,  University  of  Michigan,  Ann  Arbor,  Mich.,  AND  GILBERT  H.  AYRES,  Smith  College, 

Northampton,  Mass. 


An  improved  thermoelectric  absorptiom¬ 
eter  employing  thermopiles  has  been 
constructed.  The  thermopiles  are  steady, 
sensitive,  and  rapid,  and  are  used  in  a  bal¬ 
anced  circuit  that  compensates  for  slight 
fluctuations  in  source  intensity.  The  in¬ 
strument  is  rugged  and  compact,  and  is 
capable  of  direct  reading  to  an  accuracy  of 
0.1  per  cent  light  absorption.  The  test 
tubes  used  for  absorption  cells  are  easily 
cleaned  and  dried,  and  are  interchangeable. 
Ten  milliliters  of  liquid  are  sufficient  for  a 
determination . 

The  instrument  has  been  tested,  both 
with  and  without  light  filters,  with  colored 
systems  showing  absorption  in  different 
spectral  regions,  and  a  turbidimetric  deter¬ 
mination  has  also  been  made.  The  maxi¬ 
mum  attainable  accuracy  and  the  optimum 
range  are  discussed  for  the  systems  investi¬ 
gated. 

SEVERAL  years  ago  the  firm  of  Kipp  and  Zonen  of  Delft, 
Holland,  placed  on  the  market  the  Moll  “absorptiometer” 
or  “extinctiometer”  for  the  measurement  of  color  or  turbidity 
of  liquids  ( 8 ). 

The  circuit  of  the  Moll  instrument  is  essentially  the  same  as 
that  given  by  Wilcox  (17)  for  a  balanced  circuit  photoelectric 
colorimeter.  The  thermopiles  are  of  the  Moll  pattern  (9),  and 
consist  of  17  elements;  the  thermopile  resistance  is  10  oluns. 
Under  the  conditions  used  in  the  improved  instrument  described 
below,  the  thermopiles  develop  a  potential  of  about  25  millivolts. 
The  thermopiles  are  very  sensitive  and  free  from  errors;  they 
are  very  rapid — coming  to  equilibrium  in  2  or  3  seconds — and 
hence  have  an  advantage  over  certain  photoelectric  cells  which 
exhibit  a  fatigue  effect  (16,  21)  which  may  disappear  only  after 
several  minutes,  although  a  claim  of  little  or  no  fatigue  has  been 
reported  (4). 

The  Moll  absorptiometer  appears  to  have  been  put  to  very 
little  use.  Van  Tussenbroek  (14)  made  a  comparative  study  of 
various  colorimeters;  he  used  the  Kriiss  colorimeter,  Lovibond 
tintometer,  Hilger-Nutting  spectrophotometer,  Keuffel  and  Esser 
color  analyzer,  and  Moll  absorptiometer,  and  concluded  that  the 
Moll  instrument  gave  the  most  reproducible  results.  He  also 


studied  the  use  of  glass  filters  for  taking  readings  with  different 
wave  lengths  of  light  (15). 

In  spite  of  the  fact  that  the  thermopile  absorptiometer  is  rapid 
and  sensitive,  and  therefore  capable  of  serving  as  a  useful  ana¬ 
lytical  tool,  the  instrument  as  put  on  the  market  has  many 
serious  defects.  The  lamp,  thermopiles,  and  cell  holders  are 
mounted  on  standards  on  an  optical  bench;  each  of  the  five  units 
has  horizontal,  vertical,  and  rotational  adjustments,  and  the  task 
of  keeping  the  units  in  permanent  optical  alignment  during  use 
is  no  small  problem.  The  cell  holders  are  not  provided  with  stops 
to  ensure  that  the  absorption  cells  are  placed  always  in  the  same 
lateral  position;  a  slight  change  in  lateral  position  was  shown  by 
the  authors  to  influence  the  reading.  Furthermore,  different 
absorption  cells  are  not  of  the  same  optical  characteristics,  and 
are  therefore  not  interchangeable.  The  lamp  provided  has  a  long 
filament  and  the  lenses  do  not  provide  for  bringing  all  of  the  light 
beam  onto  the  thermopiles,  so  that  considerable  radiation  is  not 
being  utilized.  The  divided  shunt  can  give  direct  reading  only  to 
the  nearest  1  per  cent;  greater  accuracy  requires  interpolation 
from  galvanometer  readings,  which  is  inconvenient.  The  com¬ 
plete  assembly  suffers  from  lack  of  compactness  and  stability. 

Construction  of  the  Instrument 

The  essential  features  of  construction  of  the  new  instrument 
are  shown  in  Figure  1. 

IF  is  a  6- volt  50-candle-power  small  filament  lamp;  L,  lens 
systems;  S,  shutters,  operated  from  front  panel  of  instrument 
box;  and  F,  light  filters.  A i  and  A2  are  absorption  cells,  consist¬ 
ing  of  20  X  85  mm.  Pyrex  test  tubes  which  fit  snugly  into  brass 
holders;  T i  and  T2,  Moll  thermopiles;  P,  circular  slide-wire  of 
approximately  140  ohms,  scale  graduated  from  0  to  100  and  ca¬ 
pable  of  being  read  (not  estimated)  to  0. 1  per  cent;  G,  pointer- type 
panel-mounting  galvanometer  (G-M  Laboratories,  No.  2561-D); 
and  R,  20-ohm  variable  resistance  for  balancing  slight  inequalities 
in  making  the  zero  adjustment.  The  lamp,  cell  holders,  and 
thermopiles,  in  fixed  positions  for  alignment  in  the  optical  axis  of 
the  system,  are  mounted  on  units  movable  on  a  track  and  are 
locked  in  position  after  adjustment  for  optical  balance.  The 
circuit  used  has  automatic  compensation  for  slight  fluctuations 
in  source  intensity  (10). 

Figure  2  is  a  photograph  of  the  new  instrument.  The  case 
measures  37  X  24  X  12  cm.  The  lamp  housing  and  the  top  and 
bottom  of  the  case  are  provided  with  ventilating  holes;  com¬ 
pressed  air  introduced  through  the  bottom  of  the  case  aids  in 
conducting  away  the  heat  generated  by  the  lamp.  Tests  showed 
that  the  reading  on  a  stable  colored  solution  was  the  same 
whether  the  instrument  was  cool  or  hot;  however,  air-cooling 
would  undoubtedly  be  advantageous  when  measuring  unstable 
systems. 

In  regard  to  cost  of  construction,  the  largest  single  item  for 
parts  is  the  cost  of  the  thermopiles.  In  October,  1939,  Moll 
small-surface  thermopiles  No.  E2  were  quoted  by  Kipp  and 
Zonen  at  45  Dutch  guilders  (approximately  $24)  each,  net;  im¬ 
port  duty  is  assessed  at  40  per  cent.  A  duplicate  of  the  instrument 
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Figure  1.  Diagram  of  Improved  Thermoelectric  Absorptiometer 


most  strongly  absorbed  by  the 
system  being  measured.  In 
order  to  approach  this  condi¬ 
tion,  suitable  filters  can  be 
used;  for  very  accurate  work, 
their  selection  must  be  made 
with  care  (10).  For  use 
with  the  instrument  described 
above,  several  Corning  glass 
filters  were  available;  each 
filter  was  1  mm.  thick,  and 
four  identical  glasses  of  each 
kind  were  provided.  The 
filter  slot  of  the  instrument 
accommodates  two  filter 
frames,  so  that  the  glasses  can 
be  used  singly,  in  pairs  of  the 
same  glass  for  greater  filter 
density,  or  in  pairs  of  different 
filters  for  better  spectral  isola¬ 
tion.  Transmission  curves  for 
the  filters  are  given  by  the 
manufacturer  (5) ;  however, 
the  energy  distribution  of  the 
fight  source  influences  the 
effective  filtering  action.  In 
Table  I  the  absorption  regions 
indicated  were  determined  by 
direct  visual  observation  with 


described  above  is  being  constructed  at  a  total  cost,  for  parts 
only,  of  §140  to  $170  depending  on  the  type  of  galvanometer 
selected. 


a  spectroscope,  using  a  Mazda  lamp  source. 


Table  I.  Characteristics  of  Light  Filters 


Method  of  Operation 

The  test  tubes  used  for  absorption  cells  are  carefully  selected 
for  diameter  to  fit  the  holders,  and  for  freedom  from  imperfec¬ 
tions  in  the  glass.  For  the  purpose  of  matching  the  absorption 
tubes,  a  tube  containing  liquid — for  example,  water,  or  better, 
the  blank  solution  to  be  used  in  a  determination — is  placed  in 
each  cell  holder.  The  optical  system  having  been  brought  pre¬ 
viously  to  approximate  balance  by  adjustment  of  the  units  on  the 
track,  the  electrical  circuit  is  now  brought  to  balance  by  means 
of  the  variable  resistance.  The  tube  on  the  right  is  then  slowly 
rotated,  while  the  galvanometer  circuit  is  closed,  until  a  position 
is  found  at  which  the  galvanometer  shows  little  deflection  on 
slight  rotation  of  the  tube.  This  tube  is  then  marked  with  a  fine 
scratch  to  coincide  with  a  mark  on  the  end  of  the  cell  holder. 
The  tube  on  the  left  is  then  rotated  to  locate  on  it  a  similar  posi¬ 
tion,  and  one  at  which  the  galvanometer  stands  at  zero;  slight 
adjustment  of  the  variable  resistance  may  be  necessary  to  obtain 
the  latter  condition.  Additional  tubes  may  be  marked  in  the 
same  way  against  the  right  tube  serving  as  a  “standard”.  By 
careful  selection  and  matching,  the  various  working  cells  are 
interchangeable  against  the  standard  tube. 

As  in  most  objective  methods,  this  instrument  requires  a  blank 
solution  which  contains  all  components,  in  proper  concentration, 
except  the  one  being  determined.  The  authors’  experience  has 
been  that  absorption  tubes  which  match  when  filled  with  one 
liquid  do  not  necessarily  match  when  filled  with  another.  It  is 
necessary,  therefore,  to  readjust  the  variable  resistance  to  bring 
the  system  into  balance,  when  changing  from  one  series  of  meas¬ 
urements  to  another.  In  fact,  the  zero  setting  is  frequently 
checked  during  a  series  of  measurements  to  be  sure  that  the 
instrument  is  in  proper  adjustment. 

The  instrument  is  calibrated  for  a  determination  by  measuring 
the  absorption  of  a  series  of  solutions  of  known  concentrations, 
from  which  a  calibration  curve  is  constructed.  When  connected 
as  shown  in  Figure  1,  the  reading  of  the  slide- wire  scale  gives  the 
percentage  absorption  by  the  liquid  in  Ai;  by  reversal  of  the  con¬ 
nections  to  the  slide-wire,  the  scale  would  read  percentage  fight 
transmission.  The  former  is  considered  more  simple  in  practice, 
since  low  concentrations  give  low  scale  readings. 

Use  of  Light  Filters 


Corning 

No. 

Description 

227 

Gold  ruby 

246 

Lighthouse  red 

346 

Amber  shade  A 

396 

Light  shade  Aklo 

401  Sextant  green 

430  Dark  shade  blue-green 

556  Signal  blue 

585  Blue  purple  ultra 


Principal  Absorption  Regions 

Some  blue,  considerable  green 
Violet  through  green,  some  yellow 
Some  far  violet 

Far  red,  essentially  a  heat  filter.  Given  by 
maker,  for  2-mm.  thickness  and  Mazda 
source:  transmits  75%  of  visible  radia¬ 
tion,  21%  of  total  radiation 
Violet  and  red,  some  blue  and  orange 
Red,  some  orange  and  violet 
Absorption  bands  in  red,  yellow,  green 
Absorption  bands  in  red,  orange,  green; 
high  transmission  in  violet,  blue,  and  far 
red.  Makers  indicate  high  transmission 
for  infrared  also 


The  thermopile  is  a  nonselective  radiometer  (7) ;  hence  it 
develops  a  potential  which  is  proportional  to  the  total  energy 
absorbed  by  the  receiver.  As  the  radiation  from  an  incandes¬ 
cent  tungsten  filament  consists  mostly  of  the  longer  wave 
lengths,  absorption  measurements  made  without  filters  in¬ 
dicate  the  total  absorption  by  the  solution.  By  the  use  of 
infrared  filters,  the  fight  incident  upon  both  thermopiles  lies 


In  all  objective  colorimetric  methods,  greater  accuracy  and 
sensitivity  are  obtained  by  utilizing  only  that  fight  which  is 


Figure  2.  Thermoelectric  Absorptiometer 


MAY  15,  1940 


ANALYTICAL  EDITION 


289 


CONCENTRATION  OF  METAL.  Maxio'  PER  Ml. 


Figure  3.  Calibration  Curves 

A.  Manganese  as  permanganate,  no  filter 

B.  Manganese  as  permanganate,  396  filter 

C.  Manganese  as  permanganate,  430  filter 

D.  Iron  as  ferric  thiocyanate,  no  filter 

E.  Iron  as  ferric  thiocyanate,  396  filter 

F .  Iron  as  ferric  thiocyanate,  430  filter 

G.  Zinc  with  ferrocyanide  (turbidimetric) 

essentially  in  the  visible  region,  and  although  this  is  a  small 
fraction  of  the  total  radiation  from  the  source,  the  light  reach¬ 
ing  the  thermopiles  after  traversing  the  colored  solution  and 
blank  solution,  respectively,  shows  a  greater  differential  than 
when  no  filters  are  used  (see,  however,  the  exception  noted 
in  the  next  paragraph),  so  that  a  higher  slide-wire  setting  is 
necessary  to  obtain  electrical  balance  of  the  system.  Hence, 
for  a  given  colored  substance  in  solution,  a  steeper  calibration 
curve  is  obtained  by  the  use  of  heat  filters  than  without  them ; 
the  colorimetric  determination  therefore  becomes  more  ac¬ 
curate,  provided  the  instrument  can  be  balanced  with  the  same 
accuracy.  When  the  use  of  filters  reduces  the  total  radiation 
reaching  the  thermopiles  to  a  considerable  extent,  the  gal¬ 
vanometer  current  becomes  less  for  a  given  unbalance  in  the 
circuit;  it  is  then  necessary  to  use  a  more  sensitive  galvanom¬ 
eter — for  example,  G-M  No.  2564-D — in  order  to  obtain  an 
accurate  balancing  by  the  slide-wire.  Similar  considerations 
apply  not  only  to  infrared  filters,  but  also  to  filters  for  isola¬ 
tion  of  spectral  regions  in  which  the  solution  shows  maximum 
absorption. 

When  the  system  being  measured  itself  shows  considerable 
infrared  absorption,  the  above  considerations  regarding  in¬ 
creased  accuracy  by  the  use  of  infrared  filters  do  not  apply; 
in  fact,  the  use  of  such  filters  would  decrease  the  accuracy. 
The  data  on  copper  chloride  and  on  ferrous  sulfate  solutions 
clearly  illustrate  this  point;  for  these  systems,  compared  with 
the  curves  obtained  without  filter,  the  No.  396  filter  gave 
flatter  curves,  whereas  steeper  curves  were  obtained  by  a 
filter  such  as  No.  585  which  has  a  high  red  and  infrared  trans¬ 
mission.  In  all  other  cases  thus  far  measured,  the  use  of  No. 
396  filter  gave  higher  readings,  for  a  given  concentration,  than 
when  no  filter  was  used,  although  the  No.  396  filter  was  not 
necessarily  the  best  one  to  use  from  the  standpoint  of  in¬ 
creased  sensitivity. 

In  the  determinations  outlined  below,  the  indicated  ab¬ 
sorption  by  the  solutions  was  determined  by  visual  observa¬ 
tion  with  a  spectroscope  using  a  Mazda  lamp  source.  Al¬ 
though  a  filter  selection  could  usually  be  made  by  comparing 
the  absorption  by  the  solution  with  the  observed  transmission 
of  the  filters,  the  final  selection  of  a  filter  was  made  by  actually 
measuring  with  the  instrument  the  absorption  of  a  solution  by 
the  use  of  various  filters  or  filter  combinations;  the  filter  or 


combination  giving  the  highest  instrument  reading  was  chosen 
as  being  the  most  suitable. 

Results 

Manganese  as  Permanganate.  Permanganate  standards 
were  made  in  solution  containing  sulfuric  acid,  phosphoric  acid, 
and  potassium  periodate,  so  as  to  simulate  the  conditions  used 
in  the  Willard  and  Greathouse  method  for  manganese  (19).  The 
solutions  show  absorption  of  violet  through  orange  if  concen¬ 
trated,  and  absorption  bands  in  green  if  dilute.  The  data  ob¬ 
tained  are  shown  in  curves  A,  B,  and  C  of  Figure  3.  A  per¬ 
manganate  calibration  curve  has  been  utilized  in  checking  the 
concentration  of  solutions  of  potassium  permanganate,  and  also 
in  determining  the  solubility  of  tetraphenyl  arsonium  perman¬ 
ganate  in  sodium  chloride  solutions  of  various  concentrations 
(18). 

Iron  as  Ferric  Thiocyanate.  The  method  followed  was 
essentially  that  given  by  Snell  and  Snell  (18);  the  standard  solu¬ 
tion  consisted  of  ferric  alum  in  0.5  per  cent  sulfuric  acid.  Con¬ 
centrated  solutions  absorb  all  but  the  red  wave  lengths;  as  the 
concentration  decreases,  absorption  of  orange,  green,  and  blue 
disappears.  As  the  solutions  show  considerable  fading,  colori¬ 
metric  readings  were  made  at  a  definite  time  interval  following 
development  of  the  color.  The  data  are  represented  by  curves 
D,  E,  and  F  of  Figure  3. 

Copper  as  Cupric  Chloride  in  28  Per  Cent  Hydrochloric 
Acid.  The  method  of  Hiittner  (6),  slightly  modified,  was  used. 
In  spite  of  an  indicated  inadvisability  of  trying  to  keep  per¬ 
manent  standards  of  cupric  chloride  in  concentrated  hydrochloric 
acid  (12),  the  standards  in  28  per  cent  hydrochloric  acid  did  not 
change  in  5  months.  The  solutions  are  greenish  yellow  in  color 
and  show  absorption  in  violet,  blue,  and  far  red,  as  well  as  in¬ 
frared.  The  results  are  shown  in  Figure  4,  curves  A,  B,  and  C. 
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Figure  4.  Calibration  Curves 

A.  Copper  as  CuCh  in  28  per  cent  HC1,  no  filter 

B.  Copper  as  CuCU  in  28  per  cent  HC1,  396  filter 

C.  Copper  as  CuCU  in  28  per  cent  HC1,  556  and  585  filters 

D.  Copper  as  cupric-ammonia  complex,  no  filter 

E.  Copper  as  cupric-ammqnia  complex,  396  filter 

F.  Nickel  as  nickel-ammonia  complex,  no  filter 

Copper  as  Cupric- Ammonia  Complex  Ion.  The  stock  stand¬ 
ard  solution  was  cupric  nitrate  prepared  from  metallic  copper. 
Each  solution  of  the  standard  series  contained  20  per  cent  by 
volume  of  concentrated  ammonia.  The  deep  blue  solutions  show 
absorption  in  the  red,  orange,  and  yellow  regions.  Data  are  shown 
as  curves  D  and  E  of  Figure  4. 

Nickel  as  Nickel-Ammonia  Complex  Ion.  The  method  of 
Ayres  and  Smith  (1)  was  used.  Measurements  cannot  be  ex¬ 
tended  above  a  nickel  concentration  of  about  4  mg.  per  ml.  on 
account  of  presence  of  a  small  amount  of  precipitate.  The  solu- 
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tions  are  blue  with  a  tinge  of  violet;  they  show  some  absorption 
in  yellow  and  yellow-green  regions,  and  also  a  little  in  the  violet. 
Curve  F  of  Figure  4  shows  the  results,  readings  being  taken  with¬ 
out  light  filter.  No  filter  of  those  listed  in  Table  I  materially 
changed  the  slope  of  the  curve. 

Cobalt  by  Hydrogen  Peroxide  and  Potassium  Bicarbon¬ 
ate.  By  the  method  of  Blanchetiere  and  Pirlot  (2),  cobalt 
produces  a  green  color  attributed  to  a  hydrocarbonate.  Measure¬ 
ments  cannot  be  extended  above  a  cobalt  concentration  of  4  mg. 
per  ml.  on  account  of  the  development  of  turbidity.  The  solu¬ 
tions  exhibit  absorption  for  all  wave  lengths  except  yellow  and 
green.  Curves  A  and  B  of  Figure  5  represent  the  results. 

Chromium  as  Dichromate.  Standard  series  solutions  con¬ 
sisted  of  potassium  dichromate  in  1  per  cent  acetic  acid.  The 
system  shows  absorption  of  violet,  blue,  and  some  green.  In 
Figure  5,  curves  C  and  D  indicate  that  the  method  is  unsatisfac¬ 
tory  unless  a  more  suitable  light  filter  is  used. 

Chromium  as  Chromate.  The  solutions  consisted  of  potas¬ 
sium  chromate  in  solution  with  0.1  per  cent  potassium  carbonate. 
The  solutions  absorb  violet  and  blue.  Reference  to  Figure  5, 
curve  E,  indicates  that  the  system  is  not  capable  of  accurate 
measurement  by  the  instrument  without  light  filters.  The  best 
filter  available  was  No.  430;  even  with  this  filter  (see  curve  F) 
the  determination  of  chromate  is  inaccurate. 


Figure  5.  Calibration  Curves 

A.  Cobalt  with  H2O2  and  KHCO3,  no  filter 

B.  Cobalt  with  H2O2  and  KHCOa,  396  filter 

C.  Chromium  as  dichromate,  no  filter 

D.  Chromium  as  dichromate,  430  filter 

E.  Chromium  as  chromate,  no  filter 

F.  Chromium  as  chromate,  430  filter 

G.  Iron  as  ferrous  sulfate,  no  filter 

H.  Iron  as  ferrous  sulfate,  396  filter 

I.  Iron  as  ferrous  sulfate,  585  filter 

Iron  as  Ferrous  Sulfate.  The  solutions  were  made  from 
analytical  reagent  ferrous  sulfate  dissolved  in  boiled  water  con¬ 
taining  1  per  cent  sulfuric  acid.  Photometric  readings  showed 
that  the  absorption  by  these  solutions  was  constant  over  a 
period  of  at  least  10  days.  Solutions  below  a  concentration  of 
4  mg.  of  iron  per  ml.  were  practically  colorless.  Observed  spectral 
absorption  was  mainly  in  the  far  red,  with  perhaps  a  little  in  the 
violet.  The  results  are  shown  in  Figure  5,  curves  G,  H,  and  I. 
The  effect  of  the  filters  confirms  the  well-known  fact  that  ferrous 
sulfate  solutions  absorb  in  infrared.  This  case  presents  an  in¬ 
teresting  application  of  the  absorptiometer  in  measuring  a  solution 
which  has  little  visible  color;  although  the  concentration  range 
of  best  accuracy  is  rather  high,  the  curve  with  filter  No.  585  is 
one  of  the  steepest  thus  far  obtained. 

Zinc  with  Potassium  Ferrocyanide.  This  determination  was 
made  in  order  to  show  the  applicability  of  the  instrument  to 
turbidimetric  methods.  The  procedure  was  essentially  that  of 
Bodansky  ( 3 )  as  concerns  the  development  of  the  turbidity.  The 
calibration  curve  shown  in  Figure  3,  G,  was  used  with  satisfactory 
results  in  the  determination  of  zinc  after  separation  from  iron  (20). 

Discussion 

Recently  Ringbom  (11)  has  called  attention  to  the  fact  that 
the  accuracy  which  in  the  hterature  has  been  ascribed  to 
colorimetric  methods  has  been  very  arbitrarily  established, 


and  that  statements  regarding  the  hmits  of  error  and  the  con¬ 
centration  range  of  optimum  accuracy  almost  always  fail  on 
the  basis  of  considerations  involving  the  Lambert-Beer  law. 
The  restrictions  imposed  on  subjective  methods  by  the  limita¬ 
tions  of  the  human  eye  have  been  overcome  by  the  introduc¬ 
tion  of  photoelectric  apparatus;  the  sphere  of  application  of 
colorimetry  has  thus  been  broadened.  There  seems  to  be  a 
rather  prevalent  but  mistaken  notion  that,  even  with  objec¬ 
tive  instruments,  colorimetric  methods  are  applicable  only 
for  the  determination  of  extremely  small  concentrations.  As 
a  matter  of  fact,  objective  methods  may  be  used  also  for  an¬ 
alysis  of  comparatively  large  quantities  of  material  which 
formerly  were  determined  with  satisfactory  accuracy  only  by 
gravimetric  or  titrimetric  processes,  and  often  the  region  of 
greatest  accuracy  occurs  at  a  comparatively  high  concentra¬ 
tion. 

Table  II.  Optimum  Range  and  Maximum  Accuracy 


Optimum 

Maximum 

Determination 

Filter 

Range 

Mg.  metal/  ml. 

Accuracy 

% 

Manganese  as  permanganate 

396 

0.01->0.1 

0.7 

430 

0.004-0.03 

0. 5 

Iron  as  ferric  thiocyanate 

None 

0.001->0.I 

2.3 

396 

0.001-0.02 

0.8 

430 

0.0015-0.006 

0.4 

Copper  as  C11CI2  in  28%  HC1 

None 

0. 1-0.5 

0.4 

396 

0.2-0. 8 

0.6 

556  +  585 

0.08-0.5 

0.3 

Copper  as  cupric-ammonia 

None 

0.3-1. 5 

0.4 

396 

0. 2-1.0 

0.3 

Nickel  as  nickel-ammonia 

None 

2-4 

0.3 

Cobalt  with  H2O2  +  KHCO3 

None 

0.15-0.4 

0.5 

396 

0. 1-0.4 

0.4 

Chromium  as  dichromate 

430 

0.02-0.3 

0.8 

Chromium  as  chromate 

430 

<0.01->10 

1.9 

Iron  as  ferrous  sulfate 

None 

8-30 

0.4 

396 

15— >40 

0.6 

585 

6-30 

0.3 

Zinc  with  ferrocyanide 
(turbidimetric) 

None 

0 . 015-0.05 

0.3 

The  accuracy  with  which  a  given  determination  can  be 
made  is  dependent  upon  the  particular  concentration  range 
selected  for  measurement,  and  upon  the  use  of  a  suitable 
light  filter.  From  a  simple  calibration  curve,  in  which  light 
absorption  (or  transmission)  is  plotted  against  concentration, 
one  can  determine  empirically  the  region  of  greatest  accuracy 
by  noting  in  what  portion  of  the  curve  a  given  error  of  measure¬ 
ment  produces  the  least  percentage  error  on  the  concentration 
represented.  Ringbom  has  shown  that  in  objective  color¬ 
imetry  the  analysis  error  is  at  a  minimum  when  the  light  ab¬ 
sorption  of  the  system  is  63.2  per  cent,  although  the  error  is 
not  much  greater  at  absorptions  between  40  and  80  per  cent. 
These  figures  are  based  upon  considerations  which  assume 
the  validity  of  the  Lambert-Beer  law.  If  a  sufficient  con¬ 
centration  range  has  been  investigated,  a  plot  of  fight  absorp¬ 
tion  against  the  logarithm  of  the  concentration  will  always 
give  a  curve  showing  an  inflection ;  the  point  at  which  this  in- 
'  flection  occurs  represents  the  maximum  accuracy,  since  at  this 
point  the  curve  has  the  greatest  slope.  The  inflection  always 
occurs  at  63.2  per  cent  light  absorption  if  the  Lambert-Beer 
law  holds,  but  may  appear  at  a  lower  or  higher  light  absorp¬ 
tion  for  systems  or  conditions  under  which  the  law  does  not 
apply.  The  analysis  error  is  determined  by  the  formula : 

%  analysis  error  _  230 

1%  absorption  dl 
d  log  c 

The  quotient  ^  ^  g  is  determined  in  per  cent  fight  absorp¬ 
tion  per  logarithmic  unit,  and  the  formula  then  gives  the 
analysis  error  at  any  point  on  the  curve;  as  mentioned 
above,  the  error  is  a  minimum  at  the  point  where  the  curve 
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shows  an  inflection.  If  one  knows  the  accuracy  -with  which  the 
light  absorption  can  be  measured,  the  maximum  attainable 
accuracy  in  the  determination  is  immediately  available. 

The  curves  in  Figures  3,  4,  and  5  are  plotted  according  to 
the  method  suggested  by  Ringbom.  It  will  be  noted  that  in 
most  cases  the  curves  have  a  considerable  linear  portion 
around  the  inflection  point,  so  that  the  maximum  accuracy 
is  attainable  over  a  considerable  concentration  range.  In 
some  cases,  measurements  were  not  followed  to  sufficiently 
high  concentrations  to  indicate  the  inflection  point.  The 
curve  for  the  turbidimetric  determination  of  zinc  indicates 
I  that  the  same  considerations  which  apply  to  the  colorimetric 
methods  also  apply  to  this  turbidimetric  method. 

Table  II  indicates  the  maximum  accuracy  obtainable  in 
the  determinations  previously  described;  the  concentration 
region  over  which  the  maximum  accuracy  applies  is  approxi- 
,  mate  only.  The  maximum  accuracy  is  figured  on  the  knowl¬ 
edge  that  the  instrument  can  be  read  to  an  accuracy  of  0.1 
per  cent  light  absorption.  The  data  in  the  table  are  sufficient 
to  illustrate  the  importance  of  proper  selection  of  light  filter 
and  concentration  range  if  maximum  accuracy  is  to  be  ob¬ 
tained. 

The  results  obtained  with  ferrous  sulfate  indicate  the  pos¬ 
sibility  of  the  application  of  the  thermoelectric  absorpti- 
ometer  in  the  determination  of  substances  which  have  little 
or  no  visible  color,  if  they  show  absorption  in  the  infrared. 
Organic  liquids  seem  to  offer  good  possibilities  along  this  line. 
Preliminary  tests  on  45  organic  liquids  have  shown  character¬ 
istic  differences  between  various  types  of  organic  compounds, 
and  slight  differences  between  compounds  in  a  given  hom¬ 
ologous  series. 

Summary 

An  improved  thermoelectric  absorptiometer  using  a  bal¬ 
anced  circuit  has  been  constructed.  It  is  rugged  and  compact 
and  therefore  portable,  and  is  capable  of  giving  a  direct  read¬ 
ing  to  an  accuracy  of  0.1  per  cent  fight  absorption.  The 
thermopiles  are  sensitive  and  rapid.  The  ease  and  speed  with 
which  the  test  tubes  used  for  absorption  cells  can  be  cleaned 
and  dried,  aid  in  reducing  the  time  required  in  making 
measurements.  Ten  milliliters  of  liquid  are  sufficient  for  a 
determination. 

The  instrument  has  been  tested  with  nine  systems  showing 
a  wide  range  of  visible  color  and  spectral  absorption,  and  a 
turbidimetric  determination  has  also  been  made.  There 
seems  to  be  no  reason  why  it  could  not  be  applied  to  any 
colorimetric  or  turbidimetric  measurement,  as  well  as  to 
measurements  of  colorless  systems  showing  infrared  absorp¬ 
tion.  Although  thus  far  the  instrument  has  been  used  only 
in  series  measurements,  it  would  seem  possible  to  apply  it  in 
comparison  methods  involving  duplication  or  dilution. 
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Modified  Rohrig  Extraction 
Tube 

C.  W.  SULLENS  AND  W.  RANKIN 

Research  Department,  American  Can  Company, 
Maywood,  Ill. 

THE  Roese-Gottlieb  method,  using  a  Rohrig  extraction 
tube,  is  standard  for  estimation  of  fat  in  milk  and  milk 
products  (1).  However,  as  described  by  Bigelow  and  Fitz¬ 
gerald  (£),  it  has  been  criticized  because  of  frequent  failure 
to  give  duplicable  results  and  a  tendency  to  give  low  fat 
values  when  compared  with  other  methods.  The  authors, 
whose  experience  with  the  Roese-Gottlieb  technique  has  been 
principally  in  the  determination  of  fat  in  evaporated  milk, 
have  found  that  this  method  as  executed  by  an  experienced 
technician  will  give  rapid  and  reliable  results. 

Rohrig  tubes  are  closed  during  extraction  of  the  samples 
by  a  stopper  or  by  the  thumb  of  the  operator;  in  the  latter 
case,  the  vent  hole  in  the  wall  of  the  tube  is  closed  by  the  first 
finger.  Occasional  low  results  may  be  explained  either  by 
persistent  adherence  of  fat  particles  to  the  stopper,  or  by  the 
loss  of  sample  through  the  end  of  the  tube  or  the  vent  hole, 
if  the  thumb  or  forefinger  slips  during  extraction  or  during  the 
blowing  down  of  the  tube  after  extraction. 

Loss  of  sample  may  be  due  to  failure  of 
the  operator’s  hand  to  conform  to  the  size 
of  the  Rohrig  tube,  or  to  fatigue  of  the 
thumb  or  forefinger  resulting  from  a  large 
number  of  consecutive  determinations. 

These  difficulties  may  be  largely  ob¬ 
viated  by  use  of  a  modified  form  of  tube 
shown  in  Figure  1. 

A  section  of  a  test  tube,  A,  is  sealed  to  a 
glass  stopcock,  B,  and  this  assembly  is  in 
turn  sealed  to  the  top  of  the  Rohrig  tube,  C. 

The  top  of  the  Rohrig  tube  must  be  drawn 
out  somewhat  to  eliminate  the  hole  in  the  wall 
of  the  tube  and  to  accommodate  the  diameter 
of  the  stopcock.  The  test  tube  has  a  capacity 
of  about  20  ml.  after  sealing;  the  bore  of  the 
stopcock  is  3  mm. 

This  modified  type  of  tube  has  been 
used  successfully  at  this  laboratory  for 
the  past  6  months.  It  permits  more  thor¬ 
ough  mixing  and  shaking  of  the  sample 
and  also  allows  control  of  gas  pressure 
developed  within  the  tube.  By  careful 
manipulation  of  the  stopcock,  the  pres¬ 
sure  may  be  slowly  released  and  the  tube 
blown  down  -without  loss  of  the  sample. 
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An  Automatic  Constant  Flow  Regulator 

for  Low  Gas  Flows 

LESLIE  SILVERMAN,  Department  of  Industrial  Hygiene,  Harvard  School  of  Public  Health,  Boston,  Mass. 


THE  regulator  described  was  designed  to  maintain  a  con¬ 
stant  flow  of  0.5  liter  per  minute  through  gas  recorders 
for  low  concentrations  of  hydrogen  sulfide  and  carbon  bisul¬ 
fide,  but  it  can  also  be  used  for  other  gases  and  vapors.  The 
regulator  will  automatically  compensate  for  increasing  or 
decreasing  line  resistance  and  will  also  take  care  of  variations 
in  voltage  or  water  pressure,  depending  upon  the  suction 
source.  (This  apparatus  was  built  in  conjunction  with  the 
development  of  recorders  by  Philip  Drinker  for  the  American 
Viscose  Corporation.) 

The  apparatus  is  shown  in  Figure  1.  It  consists  of  an  X-type 
inclined  manometer  connected  across  a  capillary  flowmeter  and  a 
by-pass  valve  operated  by  an  electric  relay.  The  manometer  is 
made  of  7-mm.  (4-mm.  inside  diameter)  glass  tubing  with  the 
ends  flared  for  00  rubber  stoppers.  A  piece  of  platinum  wire  is 
fused  into  the  lower  part  of  the  manometer  for  a  contact  and  the 
Nichrome  wires  shown  form  the  other  two  contacts  needed.  The 
flowmeter  is  calibrated  directly  using  a  wet  gas  meter.  Only 
readings  on  the  rising  leg  need  be  taken.  Using  the  ratio  1  to  8 — 
that  is,  the  sine  of  the  angle  is  Vs — it  was  found  that  a  1-mm. 
capillary,  95  mm.  long,  gave  a  rising  leg  deflection  of  about  15 


mm.  on  the  inclined  scale.  With  the  desired  flow  found,  contacts 
B  and  C  are  set  to  within  1  mm.  of  the  mercury  meniscus. 

Motor  Conversion 

A  universal  motor  is  easily  converted  into  a  reversible  motor. 
An  old  Victrola  motor  was  used  here,  but  a  laboratory  slow-speed 
stirrer  or  mixer  can  be  used.  The  brush  leads  are  disconnected, 
the  wires  are  brought  outside  the  housing,  and  two  leads  are 
fastened  to  the  brushes.  A  shunt-wound  motor  can  be  reversed 
in  a  like  manner.  This  gives  four  connections,  as  shown  in  the 
upper  left  of  Figure  1.  When  Fx  is  connected  to  Ai  and  F2  to  A2, 
the  motor  will  run  in  one  direction,  and  when  the  field  leads  are 
interchanged — that  is,  F i  to  A2,  and  F2  to  Ai — it  will  run  in  the 
opposite  direction.  These  leads  are  connected  to  the  relays,  as 
shown  in  Figure  1.  The  relays  operate  in  pairs,  essentially  the 
same  as  double-pole  relays.  When  connection  AB  is  made,  the 
left-hand  pair  closes  and  the  others  close  when  connection  AC  is 
made. 

The  handle  from  a  brass  Hoke  needle  valve,  similar  to  the  con¬ 
trol  valve  shown,  was  removed  and  a  piece  of  0.94-cm.  (0.375- 
inch)  brass  tubing  of  0.31-cm.  (0.125-inch  wall)  was  soldered  to  it. 
This  valve  was  then  coupled  directly  to  the  motor-worm  wheel 
shaft  by  using  a  piece  of  vacuum  hose  and  two  fight  cotter  pins. 
This  gave  a  flexible  coupling,  so  that  the  motor  shaft  and  valve 
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stem  did  not  have  to  be  aligned  exactly.  If  the  valve  sticks,  the 
cotter  pins  will  shear  off  and  prevent  damage  to  the  motor. 
The  valve  base  was  mounted  rigidly,  so  that  it  would  not  turn 
with  the  stem.  In  other  designs,  it  should  be  possible  to  couple 
the  motor  directly  to  the  rheostat  and  thus  get  current,  rather 
than  airflow  regulation. 

Operation 

In  operation  the  desired  flow  is  set  by  the  control  valve  and 
the  by-pass  valve  is  set  approximately  halfway  open.  The 
by-pass  will  then  take  care  of  either  high  or  low  deviations 
from  the  desired  rate. 
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By  using  the  variable  resistance,  the  correct  motor  speed 
can  readily  be  determined.  Too  high  a  motor  speed  will 
cause  continued  oscillation  of  the  manometer;  too  low  a 
speed  will  cause  sluggish  response. 

The  relays  used  were  obtained  from  an  old  piece  of  elec¬ 
trical  equipment  and  operate  directly  from  a  110- volt  source. 
Hence,  condensers  were  placed  across  the  contacts  to  reduce 
arcing;  0.25-mfd.,  110-volt,  is  adequate  capacity.  The  relay 
switch  should  be  opened  when  the  apparatus  is  not  in  use.  A 
small  bottle  can  be  placed  in  the  line  after  the  flowmeter  to 
trap  the  mercury  if  any  relay  contacts  fail  to  open. 
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Laboratory  Electric  Stirring  Motor 

E.  B.  HERSHBERG 

Converse  Memorial  Laboratory,  Harvard  University,  Cambridge,  Mass. 


A  WIDE  variety  of  stirring  motors  is  on  the  market,  and 
yet  few  possess  the  characteristics  desired  in  the  organic 
laboratory.  Small  electric  motors  develop  but  little  power  at 
,ow  speeds  and  direct  drive 
s  usually  unsatisfactory  for 
iny  but  the  lightest  and 
most  constant  loads.  If  the 
character  of  the  mix  changes 
•apidly,  or  if  the  load  is  re¬ 
eased  suddenly,  the  motor 
nay  speed  up  to  a  point 
,vhere  breakage  occurs.  For 
.his  reason  laboratory  stirring 
notors  should  incorporate 
some  type  of  speed-reduc- 
;ion  mechanism  which  al- 
ows  increased  torque  at  low 
speed. 

The  method  of  mechanical 
speed  reduction  is  usually 
she  determining  factor  in 
she  cost,  marketability,  and 
ife  of  a  stirring  motor.  The 
simple  belt  and  pulley  drive 
ievice  has  been  neglected  in 
avor  of  more  exclusive  and 
somplicated  designs  with  pos¬ 
sible  patent  features.  The 
nediocre  results  experienced 
vith  a  number  of  these  over 
i  period  of  several  years 
lave  led  to  the  development 
)f  the  motor  and  pulley  as¬ 
sembly  with  electrical  speed 
sontrol  described  below .  This 
mit  has  been  found  to  be 
rery  satisfactory  for  driv- 
ng  wire  stirrers  (I). 

The  series-wound  motor  is 
mrticularly  suited  for  this 
purpose  because  of  its  favor- 
ible  speed-torque  character- 
stics.  Sparking  at  the 
irushes  has  not  been  found 
so  be  a  serious  fire  hazard 
md  the  ordinary  organic 
aboratory  precautions 


suffice.  Shaded-pole  induction  motors  are  admittedly  safer, 
but  their  essentially  constant  speed  characteristics  make 
them  useful  only  in  connection  with  a  step  pulley  where  a 


Figure  1.  Body 

A.  Push  fit  bearing  seat,  22-mm.  (0.8661-inch,  —0.0000-inch, 

+  0.0008-inch)  bore 

B.  Set  screw,  brass,  3/s  inch,  24  threads,  or  pipe  tap 
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Bore 


Figure  2.  Caps,  Aluminum  Allot  Casting 

few  fixed  speeds  are  sufficient.  Since  the  motor  operates  in  a 
vertical  position,  ball  bearings  are  the  most  satis¬ 
factory  in  sustaining  the  armature  thrust.  An¬ 
other  advantage  of  the  ball-bearing  motor  is  that 
it  requires  grease  only  after  a  year  or  more  of 
normal  duty  and  the  entire  assembly  is  free  from 
lubrication  difficulties.  If  a  sleeve-bearing  motor 
is  used,  as  has  been  done  previously  in  this  labora¬ 
tory,  a  single  ball  between  the  lower  end  of  the 
shaft  and  a  seat  serves  to  take  up  the  thrust.  By 
this  means  it  has  been  possible  to  utilize  the  motors 
salvaged  from  other  types  of  stirrers  in  conjunc¬ 
tion  with  the  same  pulley  assembly,  although  more 
frequent  motor  lubrication  is  required. 

A  4-to-l  pulley  ratio  with  a  0.02-horsepower  motor 
developing  its  rating  at  5000  r.  p.  m.  has  been  found 
the  best  combination  for  average  use.  If  desired,  a 
set  of  step  pulleys  could  easily  be  substituted  for 
greater  speed  flexibility.  The  belt  is  of  the  end¬ 
less  V-type,  of  rubber  and  fabric  construction. 

Round  rubber  belts  tend  to  vibrate  excessively 
and  joined  leather  belting  cannot  be  used  on  so 
short  a  radius  as  the  motor  pulley.  In  previous 
designs  using  leather  belting  the  motor  was  placed 
on  one  end  of  the  rod  and  the  driven  pulley  assembly 
on  the  other.  This  removed  the  motor  to  a  certain 
extent,  but  the  unit  vibrated  and  it  was  discarded 
in  favor  of  the  present  compact  arrangement. 

The  construction  of  the  ball-bearing  pulley  as¬ 
sembly  is  given  in  Figures  1  to  4,  while  the  com¬ 
plete  motor  assembly  is  shown  in  Figure  5,  and  two 
alternate  rheostat  assemblies  in  Figure  6. 

The  ball-bearing  pulley,  C,  Figure  5,  is  clamped 
onto  the  stainless-steel  support  rod,  D.  The  same 
screw  holds  the  clamp  for  the  electrical  leads  from  the 
motor,  relieving  it  from  any  strain  due  to  the  connecting 
cord.  The  author  has  found  it  convenient  to  include  a 
twist-lock  electrical  connector,  E,  close  to  the  motor, 
making  it  possible  to  adjust  the  unit  over  the  work  with¬ 


out  a  tangle  of  wire.  The  locking  feature  then  prevents  accidental 
disengagement.  A  heavy-duty  clamp,  F,  necessary  to  support 
the  weight  at  the  furthest  extension  of  the  rod,  gives  adjustment 
in  two  planes.  As  a  rule  the  shaft  is  connected  to  the  stirrer  with  a 
piece  of  heavy-walled  rubber  tubing,  but  provision  has  been  made 
for  the  use  of  a  chuck  which  may  be  purchased  standard  for  a 
0.61-cm.  (0.25-inch)  shaft.  In  the  author’s  experience  the  first- 
named  method  is  preferable  with  ball-bearing  glass  stirrers  ( 1 ). 

Both  rheostat  assemblies  shown  in  Figure  6  have  been  used 
with  equal  success.  That  on  the  left  has  a  switch  permitting 
stoppage  without  disturbing  the  rheostat  setting,  which  is  an 
advantage  in  inspecting  the  progress  of  a  reaction.  The  rheostat 
on  the  right  incorporates  an  off  position,  so  that  the  circuit  is 
broken  when  the  dial  is  turned  counterclockwise  to  the  stop. 
Each  is  mounted  between  two  pieces  of  hard  asbestos  board  and 
forms  a  unit  detachable  from  the  motor,  a  feature  which  is 
helpful  when  adjusting  either  assembly.  Other  electrical  control 
apparatus,  such  as  autotransformers,  are  convenient  but  rela¬ 
tively  too  expensive  at  the  present  time. 

The  following  specifications  provide  for  the  construction 
of  a  unit  of  the  highest  quality  material,  and  in  some  cases 
alternate  sources  of  equal  reliability  have  been  given.  An 
exhaustive  investigation  has  not  been  made  and  other  re¬ 
liable  makes  should  prove  satisfactory. 

The  construction  of  these  units  has  been  made  possible  by 
the  close  cooperation  of  A.  H.  Gedies,  machinist  of  the  Mal- 
linckrodt  Chemical  Laboratory  at  Harvard. 

Assembly  and  Specifications 

Body  (Figure  1).  The  casting  was  made  of  No.  12  aluminum 
casting  alloy  (8  per  cent  copper,  Aluminum  Co.  of  America, 
Pittsburgh,  Penna.)  by  a  local  foundry.  Both  bearing  recesses 
must  be  machined  within  the  tolerances  given  to  permit  easy  re¬ 
moval  of  the  ball  bearings. 
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Figure  4.  Pulleys  and 
Spring  Bronze  Compres¬ 
sion  Washer 

Upper  pulley,  driven  pulley  ma¬ 
chined  from  aluminum  alloy  casting 

Lower,  motor  pulley  machined  from 
round  stock 


the  bearing,  holding  it  firmly 
against  the  body,  and  at  the 
same  time  compresses  the  felt 
packing  washers  in  the  upper 
recess.  Each  cap  is  held  in 
place  by  two  1.27-cm.  (0.5- 
inch)  screws. 

Ball  Bearings.  Two  single¬ 
row  ball  bearings,  8-mm.  bore, 
22-mm.  outside  diameter,  7 
mm.  wide  (extra-small  type, 
single  row,  deep  groove,  bear¬ 
ing  No.  38,  SKF  Industries, 
Inc.,  440  East  34th  St.,  New 
York,  N.  Y.,  obtained  from 
local  hardware  distributor). 

Sleeve  (Figure  3).  This  is 
machined  from  round  brass 
stock  and  must  conform  to 
-  the  tolerances  given  to  permit 
the  ready  removal  of  the  bear¬ 
ings  without  damage  to  bear¬ 
ings. 

Shaft  (Figure  3).  Cut  from 
0.61-cm.  (0.25-inch)  ground 

polished  finish,  18-8  stainless 
steel  alloy  rod  with  three  flats 
filed  in  it  for  the  large  pulley, 
sleeve,  and  chuck. 

Motor  (Figure  5).  Series- 
wound,  varying  speed,  uni¬ 
versal  motor,  0.02  horsepower, 
5000  r.  p.  m.,  110  volts,  ball¬ 
bearing  (General  Electric  Co., 
Schenectady,  N.  Y.,  Model 
5P35CA1A,  type  P,  frame 
35  C.  If  a  more  powerful 
motor  is  desired,  the  0.033- 
horsepower  motor,  frame  36, 
may  be  substituted.  This  will 
require  a  100-watt  rheostat). 

V-Belt  (Figure  5).  Inside 
diameter  8.9  cm.  (3.5  inches), 
outside  diameter  9.53  cm. 
(3.75  inches),  width  at  outside 
diameter  0.396  cm.  (0.156 


Access  to  the  setscrew  of  the  sleeve 
(Figure  3)  is  through  hole  B  (Figure  1), 
and  this  is  closed  with  a  brass  screw  plug. 
A  tight  fit  is  obtained  by  threading  only 
a  part  of  the  hole  or  by  using  a  pipe 
tap. 

_  Caps  (Figure  2).  Both  caps  are  iden¬ 
tical  and  are  machined  from  castings  of 
the  same  alloy  as  the  body.  The  large 
end  is  faced  and  in  this  case  the  bear¬ 
ing  recess  is  made  slightly  larger  than 
that  in  the  body,  in  order  that  the  caps 
may  be  removed  by  hand.  The  compres¬ 
sion  washer  shown  in  Figure  4  fits  in  this 
recess  above  the  bearing  and  below  the 
felt  packing.  When  the  cap  is  screwed 
down  this  exerts  a  positive  pressure  against 

• 

Figure  5.  Complete  Motor'Assembly 
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Figure  6.  Rheostat  Assemblies 


inch).  Rubber  and  fabric  construction  (Eastman  Kodak  Co., 
Rochester,  N.  Y.,  No.  57012  mechanism  drive  belt  for  Kodascope 
E  or  EE).  This  belt  is  a  replacement  part  on  motion  picture 
projectors. 

Electrical  Connector  (Figures  5 E,  and  6).  Midget  cord 
connector  with  cord  grip  (Harvey  Hubbell,  Inc.,  1930  Thomas 
St.,  Bridgeport,  Conn.,  catalog  No.  7478.  Obtained  from  local 
electrical  supply  shop).  The  male  end  is  connected  to  the  motor 
leads  which  are  clamped  to  the  body  (Figure  5)  and  the  female 
end  to  the  rheostat  with  150  to  180  cm.  (5  to  6  feet)  of  rubber- 
covered  lamp  cord. 

Support  Rod  (Figure  5 D).  The  motor  block  is  drilled  and 
tapped  (0.25-inch  pipe  size)  at  the  center  to  accommodate  the  18-8 


stainless-steel  alloy  rod,  1.27-cm.  (0.5- 
inch)  diameter,  30  cm.  (12  inches)  long. 

Clamp  (Figure  5,  F).  Heavy-duty 
right-angle  clamp  fastener.  By  using 
a  large  swivel  clamp  fastener,  motion  in 
the  third  plane  can  be  obtained  if  de¬ 
sired  (Central  Scientific  Co.,  1700  Irving 
Park  Blvd.,  Chicago,  Ill.,  Catalog  No. 
72315). 

Rheostat  (Figure  6).  A  50-watt, 
400-ohm  rheostat,  with  or  without  an  off 
position  in  the  extreme  counterclock¬ 
wise  position  according  to  the  mounting 
shown,  has  proved  satisfactory  (Hard¬ 
wick,  Hindle,  Inc.,  Newark,  N.  J.,  Type 
B-50).  Previously,  100-watt  rheostats 
(Ohmite  Manufacturing  Co.,  4835 
West  Flournoy  St.,  Chicago,  Ill.,  Model 
K,  400-ohm,  stock  No.  0454)  had  been 
used  for  3  years.  The  smaller  unit,  however,  costs  only  half  as 
much  and  has  shown  no  deterioration  over  a  period  of  6  months, 
though  used  above  the  manufacturer’s  current  rating. 

The  rheostat  is  mounted  between  two  pieces  of  hard  asbestos 
sheet  0.3  cm.  (0.125  inch)  thick,  and  a  8.9-cm.  (3.5-inch)  dial 
plate  calibrated  0°  to  100°  over  325°  is  used  to  indicate  the  set¬ 
ting.  This  may  be  purchased  from  a  local  radio  supply  store.  It 
is  connected  to  the  power  supply  through  60  to  90  cm.  (2  to  3 
feet)  of  lamp  cord  and  a  male  electrical  plug. 
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Thermometer  for  Low  Temperatures 


A.  FARKAS  AND  L.  FARKAS,  Department  of  Physical  Chemistry, 
The  Hebrew  University,  Jerusalem,  Palestine 


WHILE  the  well-known 
vapor  pressure  thermome¬ 
ters  of  Stock  are  the  most  ac¬ 
curate  instruments  for  measur¬ 
ing  low  temperatures,  they  appear 
unhandy  if  the  measurements 
are  to  be  performed  in  a  limited 
space.  The  vapor  pressure 
thermometer  having  the  form 
shown  in  the  accompanying  fig¬ 
ure  eliminates  this  drawback,  and 
has  proved  very  satisfactory  in 
use  in  this  laboratory. 

The  construction  of  parts  A,  B, 
and  C  is  evident  from  the  figure. 
Coil  D  has  a  small  hole  in  its 
end  which  prevents  the  mercury 
in  B  from  entering  tube  C,  while 
it  ensures  communication  between 
Bjand  C.  Tube  E  is  sealed  to  the 
short  glass  rod,  F,  which  in  turn  is 
sealed  inside  tube  A.  The  capil¬ 
lary  tip,  G,  of  tube  E  prevents 
the  escape  of  mercury  from  E  in 
case  the  thermometer  is  kept  in  the 
horizontal  position. 

The  instrument  is  filled  as  fol¬ 
lows:  After  adding  sufficient  mer¬ 


cury,  the  thermometer  is  brought  into  horizontal  position  with 
coil  D  upward  (the  mercury  should  now  reach  the  level  in¬ 
dicated  by  the  dotted  line),  and  is  evacuated.  Then  the  ther¬ 
mometer  is  brought  into  perpendicular  position,  the  thermometric 
substance — e.  g.,  carbon  dioxide — is  admitted  up  to  a  pressure  of 
400  to  500  mm.  and  condensed,  and  the  thermometer  is  sealed  off 
at  a. 

The  thermometer  can  be  calibrated  empirically  or  by  using 
the  known  vapor  pressures  of  the  thermometric  agents.  In 
the  latter  case  the  capillary  depression  of  the  mercury  in  tube 
E  has  to  be  allowed  for. 

One  thermometer  of  the  dimensions  given  in  the  figure  will 
cover  about  15°  to  25°,  depending  on  the  gas  with  which  it  is 
filled.  Ten  thermometers  filled  with  the  substances  listed  in 
the  table  will  cover  nearly  every  range  of  temperature  down 
to  -215°  C. 

Once  a  thermometer  has  been  filled  and  sealed,  it  can  be 
handled  just  like  any  ordinary  mercury  thermometer.  Thus 
it  will  not  be  affected  if  it  is  kept  in  the  horizontal  position. 


Substance  Temperature  Range 
°  C. 


Substance  Temperature  Range 
0  C. 


Pentane 
Butane 
Propane 
Carbon  dioxide 
Ethane 


+  5  to  —  35 

-  35  to  -  73 

-  71  to  -100 

-  93  to  -112 
-112  to  -140 


Ethylene 
Nitric  oxide 
Methane 
Oxygen 
Nitrogen 


-122  to  -150 
-159  to  -175 
-175  to  -188 
-193  to  -205 
-205  to  -215 


Equivalent  Weights  of  Salts  of  Organic  Acids 

Microdetermination  by  Electrodialysis 


KARL  H.  DITTMER  AND  R.  G.  GUSTAVSON,  University  of  Colorado  Chemistry  Department,  Boulder,  Colo. 


METHODS  for  the  determination  of  the  equivalent 
weights  of  salts  of  organic  acids  are  tedious  and  often 
inadequate.  Frequently  organic  acids  must  be  identified  in 
the  form  of  their  salts,  which  seldom  have  definite  melting 
points.  The  determination  of  the  Du  Claux  constants  is  not 
applicable  to  all  organic  salts.  The  method  herein  described 
was  found  suitable  for  the  determination  of  the  equivalent 
weights  of  salts  of  organic  acids,  and  also  offers  a  rapid  means 
for  measuring  the  degree  of  hydration  of  salts  when  the  exact 
composition  of  the  salt  is  desired.  The  apparatus  required  is 
simple  and  easily  made,  and  the  whole  method  with  five 
checks  and  a  blank  takes  less  than  1.5  hours. 


.  Figure  1.  Assembly  op  Electro- 
dialyzing  Unit 

Crosshatching  is  mercury 


The  method  is  a  modification  of  that  proposed  for  the  de¬ 
termination  of  total  bases  in  biological  fluids  by  Adair  and 
Keys  ( 1 ).  The  basic  ions  are  electrodialyzed  through  a  sin- 
tered-glass  membrane,  above  which  stands  negatively 
charged  mercury.  The  base  amalgam  reacts  with  an  ex¬ 
cess  of  standard  acid  which  is  placed  above  the  mercury. 
The  amount  of  base  present  in  the  sample  is  found  by  ti¬ 
trating  the  excess  standard  acid  with  standard  base. 

Description  of  Apparatus 

Figure  1  shows  one  unit  of  six  cells  which  were  connected  in 
parallel  with  direct  current,  the  voltage  varying  between  100 
and  150  volts.  A  voltmeter  and  an  ammeter  were  connected 
for  rough  indications  of  voltage  and  amperage. 

The  cathode  vessel  was  made  by  sealing  a  sintered-glass 
membrane  into  a  cut-off  and  slightly  tapered  15  X  125  mm. 
Pyrex  test  tube.  The  membranes  were  prepared  by  a  method 
similar  to  that  described  by  Kirk  et  al.  (£).  The  purified  ground- 
glass  particles  were  between  0.25  and  0.60  mm.  in  diameter — 
that  is,  those  particles  which  would  pass  through  a  30-mesh 
sieve  but  not  through  a  60-mesh  sieve.  The  molds  for  the  mem¬ 
branes  were  lengths  of  brass  or  nickel  tubing  cut  according  to  the 
thickness  of  the  membranes  desired. 

The  rings  were  placed  on  a  sheet  of  nickel,  filled  with  the 
prepared  glass,  and  baked  for  approximately  15  minutes  at  about 
830°  C.  in  a  small  electric  furnace.  When  wet  instead  of  dry 
glass  was  packed  into  the  rings  less  shrinkage  occurred  in  the 
thickness  and  a  little  more  in  the  diameter,  thus  facilitating  the 
removal  of  the  finished  membranes  from  the  rings.  The  proper 
temperature  for  this  process  was  found  to  correspond  very  nearly 
to  the  temperature  at  which  a  Pyrex  glass  tube  placed  horizon¬ 
tally  in  the  furnace  collapses.  With  a  little  experience,  the 
proper  temperature  and  the  optimum  length  of  baking  time  were 
easily  determined. 

After  the  membranes  were  sealed  into  the  tubes,  they  were 
ground  on  a  Carborundum  stone  to  a  thickness  which  allowed 
easy  passage  of  water  but  retained  the  mercury.  Each  membrane 
was  tested  in  actual  practice  for  defects,  using  a  salt  solution  of 
known  concentration.  Tubes  which  did  not  give  total  recovery 
were  discarded. 

The  anode  vessel  was  made  from  a  25  X  200  mm.  Pyrex  test 
tube  with  a  piece  of  platinum  wire  sealed  in  the  bottom.  The 
Pyrex  glass  and  platinum  wire  seal  were  made  tight  by  the  ap¬ 
plication  of  a  small  amount  of  de  Khotinsky’s  cement. 

The  cathode  vessel  and  the  cathode  electrode  were  held  in 
position  with  split  corks  wrapped  in  lead  foil. 

Preparation  and  Purification  of  Reagents 

Water.  All  water  used  in  preparing  solutions  or  for  washing 
purposes  was  redistilled  from  a  glass  still.  To  remove  all  am¬ 
monia,  a  few  drops  of  phosphoric  acid  were  added  to  each  liter 
of  water  distilled. 

Mercury.  Mercury  for  use  as  the  anode  and  cathode  elec¬ 
trodes  was  purified  by  spraying  it  three  times  through  80  cm.  of 
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5  per  cent  nitric  acid  and  then  through  five  changes  of  pure  dis¬ 
tilled  water.  To  get  the  mercury  into  a  very  fine  spray  it  was 
forced  through  a  coarse  sintered-Pyrex  filter  (Figure  2). 

Standard  Acid.  A  standard  sulfuric  acid  solution  was  pre¬ 
pared  by  diluting  concentrated  acid  and  was  standardized  against 
a  0.05  N  solution  of  anhydrous  sodium  carbonate. 

Standard  Base.  A  saturated  solution  of  sodium  hydroxide 
was  diluted  to  an  approximately  0.05  N  solution  and  standardized 
against  a  standard  hydrochloric  acid. 


Procedure 


The  anode  vessel  was  thoroughly  cleaned  and  rinsed  several 
times  with  redistilled  water  and  from  0.3  to  0.5  cc.  of  pure  mer¬ 
cury  was  added.  As  a  final  precaution  against  traces  of  base, 
the  anode  vessel  containing  the  mercury  was  washed  with  10  cc. 
of  redistilled  water.  This  final  wash  water  was  removed  from 
the  anode  vessel  with  a  finely  drawn-out  glass  siphon  attached 
to  an  aspirator.  Salt  samples  were  added  to  five  of  the  six  anode 
vessels.  The  sixth  one  was  taken  as  a  blank. 

Individual  samples  of  0.3  to  5.0  mg.  of  pure  crystalline  salt 
were  weighed  and  placed  in  each  anode  vessel,  or  an  aliquot  por¬ 
tion  of  a  dilute  solution  of  the  salt  was  measured  into  each  vessel 
by  means  of  a  Rehberg  buret  or  recalibrated  pipets.  The  solu¬ 
tion  was  prepared  of  such  concentration  that  1  to  5  cc.  contained 
between  0.3  and  5.0  mg.  of  the  salt.  The  samples  which  the 
authors  analyzed  were  all  between  0.3  and  5.0  mg.  The  volume 
of  solution  in  the  anode  vessel  was  kept  between  4  and  8  cc., 
regardless  of  the  amount  of  sample  used. 


Table  I.  Effect  of  Time  and  Size  of  Sample  on  Total 

Recovery 


Salt 

Time 

Analyzed 

Dialyzed 

Analyzed 

Recovered® 

Error 

Error 

Min . 

7I/TA7I-* _ _  7 _ A 

0/ 

' 

/O 

Na  acetate 

30 

0.0109 

0.0093 

-0.0016 

14  7 

60 

0.0109 

0.0105 

-0.0004 

3  6 

45 

0.0043 

0.0041 

-0.0002 

4.6 

60 

0 . 0043 

0.0043 

0.0000 

0  0 

90 

0.0651 

0.0651 

0.0000 

0.0 

Na  citrate 

80 

0.0042 

0.0042 

0.0000 

0.0 

Ca  acetate 

60 

0.0040 

0.0040 

0.0000 

0.0 

Ca  lactate 

60 

0.0040 

0.0041 

+0.0001 

2.5 

Zn  acetate 

80 

0.0040 

0.0037 

-0.0003 

7.5 

120 

0.0040 

0.0041 

+  0.0001 

2.5 

“  Milliequivalent  recovered  is  average  of  all  values,  not  best  checks  of 
each  determination. 


Each  cathode  vessel  was  cleaned  between  successive  deter¬ 
minations  by  allowing  it  to  stand  in  aqua  regia  until  any  dark 
coloration  in  the  sintered  glass  had  been  removed.  The  cathode 
vessels  were  put  into  aqua  regia  immediately  after  a  titration  and 
were  ready  to  be  washed  with  water  when  the  next  determination 
was  begun.  The  membranes  were  then  washed  by  forcing  tap 
water  through  them  by  connecting  them  directly  to  the  tap  with 
a  piece  of  rubber  tubing.  This  washing  was  generally  continued 
for  from  3  to  5  minutes  and  was  followed  by  three  more  washings 
with  redistilled  water,  rinsing  inside  and  out.  The  upper  part 
of  the  cathode  tube  was  wiped  dry  with  a  towel,  but  the  lower 
part  and  the  membrane  were  never  touched  with  anything  but 
redistilled  water. 

One  to  1.5  cc.  of  pure  mercury  were  added  from  a  dispensing 
buret  to  each  cathode  vessel.  A  membrane  which  held  1.5  cc. 
of  mercury  above  it  when  sodium  ions  were  dialyzed  did  not  al¬ 
ways  retain  the  same  amount  of  mercury  when  calcium  ions  were 
being  dialyzed.  This  difficulty,  which  may  have  been  due  to  a 
lower  surface  tension  for  calcium  amalgam  than  that  of  other 
base  amalgams,  was  overcome  by  using  0.5  to  0.75  cc.  of  mer¬ 
cury  above  the  membranes. 

An  excess  of  standard  sulfuric  acid,  delivered  from  a  Rehberg 
buret,  was  placed  above  the  mercury.  The  amount  of  sulfuric 
acid  varied  from  0.100  to  1.500  cc.,  depending  upon  the  amount 
of  the  sample  to  be  analyzed.  The  tip  of  the  buret  was  rinsed 
with  a  small  amount  of  water  into  the  cathode  tube.  The  lower, 
outside  part  of  the  tube  and  the  membrane  were  again  rinsed 
with  redistilled  water,  and  the  tube  was  immersed  about  1  cm.  in 
the  solution  of  the  anode  vessel  to  be  analyzed.  The  negative 
electrode  was  rinsed  with  water  and  placed  so  that  the  platinum 
wire  was  just  below  the  surface  of  the  cathode  mercury. 

The  current  was  switched  on  as 
soon  as  the  first  cell  was  prepared.  „  •  i  *  ■  .  . 

The  other  cells  were  successively  Equivalent  weight  — 

prepared,  each  preparation  requiring 
about  5  minutes;  this  is  the  same  length  of  time  required  for  the 
titration  of  the  excess  acid  in  each  cathode  vessel,  making  the  total 
time  of  dialysis  the  same  for  each  cell. 


Figure  2.  Mercury  Washing 
Apparatus 


The  rate  at  which  bubbles  formed 
at  the  electrodes  in  the  2  N  sulfuric 
acid  indicated  the  rate  of  dialysis. 
The  entire  unit  was  gently  shaken 
every  5  or  10  minutes  to  produce 
faster  and  more  complete  dialysis 
rnd  also  to  help  decompose  the  base 
amalgam.  Each  unit  was  dialyzed 
until  no  more  bubbles  formed  in 
the  2  N  sulfuric  acid,  usually  one 
hour.  The  time  for  complete  di¬ 
alysis  varied  with  the  amount  of 
sample  to  be  analyzed,  the  kind  of 
base  ion  present,  and  the  type  of  salts 
analyzed  (Table  I). 

After  complete  dialysis,  the  cathode 
vessel  was  raised  above  the  anode 
solution,  thus  breaking  the  circuit, 
and  the  cathode  electrode  was  rinsed 
with  1  to  2  cc.  of  water  into  the 
excess  acid.  The  base  amalgam  was 
decomposed  by  bubbling  a  current  of 


air  or  dry  oxygen  through  the  mercury  for  1  to  2  minutes. 
One  drop  of  methyl  red  was  added  and  the  excess  acid  titrated 
with  a  standard  sodium  hydroxide  solution,  measured  from  a 
microburet.  The  tip  of  the  buret  was  drawn  out  to  a  fine  point 
and  the  titrations  were  carried  out  under  the  surface  of  the 
acid,  while  the  air  W'as  still  bubbling  through.  The  end  point 
was  found  to  be  the  final  and  permanent  disappearance  of  all 
red  color. 


Table  II.  Equivalent  Weight  Determinations 


Salt 

Weight  of 

Equivalent 

Theoretical 

Equivalent 

Analyzed 

Sample® 

Acid& 

Weights  Found 

Weight 

NaC2H3C>2 

Mg. 

0.3566 

Cc. 

0.30 

82.1. 84.5. 82.1 

81.1.82.1 
84.1,82.5,  84.1 

82.02 

0.8915 

0.3J 

82.02 

1.7830 

0.45 

81.8,82.1 

82.02 

3.5660 

1.00 

81.1,  80.7,81.1 

82.02 

5.3490 

1.40 

82.1,82.1 

82.02 

Na2C4H<06.2H20 

5.0020 

0.90 

115.3, 115.0 

115.03 

NasCeHeOr^HjO 

2.0706 

0.60 

98. 1 

98.02 

0.4141 

0.30 

97.4,98.6 

98.02 

Ca(C2H302)2.H20 

0.8808 

0.30 

84.7,87.5 

88.07 

Ca(C2H302)2.  H2O 

0.3525 

0.30 

88.08,  86.00 

88.07 

Ca(C3H603)2.5H20 

0.6165 

0.30 

88.08 

154.1, 158.1 

154.12 

1.2330 

0.30 

154.1 

154. 12 

Zn(C2Hs02)2. 2H20 

1.0974 

0.30 

110.3, 109.7 

109.73 

°  Samples  are  aliquot  portions  of  dilute  solutions. 

6  0.0555  N  H2SO4  placed  above  mercury  in  cathode  vessel. 


The  equivalent  weight  of  the  salt  was  calculated  by  the 
following  equation : 


mg.  of  salt  sample 


(cc.  of  H2SO4)  (normality  of  acid)  —  (cc.  of  NaOH)  (normality  of  base) 


Representative  values  obtained  for  the  equivalent  weights 
of  salts  tested  are  given  in  Table  II. 
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Summary 

The  equivalent  weights  of  salts  can  be  determined  from 
samples  as  small  as  0.3  mg.  by  the  application  and  modifica¬ 
tion  of  the  Adair  and  Keys  electrodialysis  method  for  total 
bases  in  biological  fluids.  When  the  procedure  was  carefully 
followed,  values  obtained  for  the  equivalents  were  rarely  over 
3  per  cent  from  the  theoretical  values.  A  simple  method  for 


the  preparation  of  sintered-glass  membranes  is  described. 
An  efficient  method  for  dividing  mercury  into  a  very  fine 
spray  is  mentioned. 
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Bomb  for  Determining  Organic  Chlorine 

Lime-Fusion  Method 


WILLIAM  M.  MacNEVIN  AND  WILLIAM  H.  BAXLEY,  Ohio  State  University,  Columbus,  Ohio 


THIS  paper  describes  the  construction  of  a  simple  closed 
metal  tube  or  bomb  and  its  use  in  a  semimicro  modifica¬ 
tion  of  the  classical,  but  little  used,  lime-fusion  method  (2) 
for  the  determination  of  organic  chlorine.  The  investigation 
was  undertaken  to  find  a  method  for  determining  organic 
chlorine  which  would  require  only  simple  and  easily  attain¬ 
able  apparatus  and  at  the  same  time  would  be  as  rapid  as  any 
of  the  new  methods  now  in  use. 

Investigation  of  the  literature  (2)  on  the  various  methods 
for  determining  organic  chlorine  revealed  that  the  chief  limi¬ 
tation  of  the  classical  lime-fusion  method  which  was  always 
conducted  in  an  open  glass  tube,  was  that  easily  volatile 
samples  escaped  before  reacting  with  the  calcium  oxide.  The 
results  were  therefore  often  low.  This,  together  with  the  re¬ 
quirement  of  a  large  amount  of  calcium  oxide  in  each  deter¬ 
mination,  is  considered  to  be  the  principal  reason  for  lack  of 
general  popularity  of  the  classical  method. 

Recently  it  has  been  shown  in  this  laboratory  ( 1 )  that  if  a 
closed  metal  tube  is  used,  easily  volatile  organic  fluorides  are 
quantitatively  decomposed  by  heating  with  calcium  oxide. 
It  has  therefore  seemed  logical  to  apply  this  principle  to  the 
determination  of  the  other  halogens  in  organic  combination. 


Apparatus 

The  bomb  consists  of  a  hollow  cylinder  of  cold-rolled  steel  open 
at  one  end  and  of  the  approximate  dimensions  shown  in  Figure  1. 
The  open  end  is  flanged  and  may  be  closed  by  a  combination  of 
threaded  collar,  A,  and  plug,  B.  ( A  and  B  are  standard  brass 
fittings  used  in  the  refrigeration  industry  and  may  be  obtained 
from  any  refrigerator  supply  house.  The  hollow  cylinder  can  be 
turned  from  a  bar  of  cold-rolled  steel.  Exact  dimensions  do  not 
appear  important.  Most  laboratory  supply  houses  are  also  able 
to  provide  the  complete  assembly.)  A  soft  copper  disk  placed 
between  plug  B  and  the  inner  flange  of  the  neck  of  the  bomb  serves 
as  a  washer  and  provides  a  tight  fit.  (Cold-rolled  sheet  copper 
may  be  softened  by  heating  to  near  redness  and  quenching  in 
water.) 


C°PPer  Collar  A 


Plutf  B 


Figure  1.  High-Temperature  Calcium  Oxide  Bomb 


The  bomb  is  sealed  by  turning  plug  B  into  collar  A  and  is  con¬ 
veniently  done  by  clamping  A  in  a  vise  and  using  a  wrench  to 
tighten  B.  The  bomb  is  clamped  to  a  ring  stand  in  a  horizontal 
position  and  is  heated  with  a  Pittsburgh  or  Meker  burner.  A 
metal  screen  is  placed  between  the  operator  and  the  bomb  because 
of  a  remote  possibility  of  an  explosion.  However,  on  no  occa¬ 
sion  has  there  been  any  evidence  of  dangerous  pressure  during 
heating.  Observation  of  the  bomb  while  heating  is  accomplished 
by  the  use  of  a  small  mirror  standing  at  the  back  of  the  desk.or 
hood. 


Scale 

Figure  2.  Introduction  of  Solid  Sample  into 
Bomb 


A  long-stemmed  weighing  tube 
of  the  approximate  dimensions  in¬ 
dicated  in  Figure  2  is  required  for 
introducing  solid  samples  into  the 
bomb.  Liquid  samples  are  drawn 
up  in  previously  weighed  thin- 
walled  glass  bulbs  (Figure  3)  which 
are  then  sealed  off. 

Porcelain  Gooch  microcrucibles 
with  asbestos  mats  have  been  used 
for  filtering  the  silver  chloride.  They  have  sufficient  capacity 
for  amounts  of  precipitate  up  to  130  mg.  When  used  with  the 
Wintersteiner  filtering  microapparatus  (3),  the  process  of  filtering 
and  drying  the  precipitate  requires  not  more  than  25  minutes. 

The  balance  used  in  this  work  was  an  Ainsworth  of  semimicro 
type,  with  a  sensitivity  of  0.05  mg.  per  division  of  the  pointer 
scale.  The  weights  were  calibrated  to  the  nearest  0.01  mg.  All 
weighings  were  made  to  the  nearest  0.01  mg. 

Reagents 

Calcium  oxide  was  prepared  by  heating  analytical  reagent 
quality  calcium  carbonate  at  900°  C.  for  2  hours,  and  after  cool¬ 
ing  was  stored  in  a  desiccator  containing  Drierite.  The  diameters 
of  most  of  the  particles  ranged  from  5  to  10  n.  About  1.5  grams 
are  required  for  each  determination. 

The  nitric  acid,  silver  nitrate,  and  potassium  nitrate  were  of 
analytical  reagent  quality. 

Distilled  water  free  from  chloride  was  used  for  preparing  all 
solutions.  Several  blank  determinations  with  usual  amounts  of 
all  reagents  failed  to  show  any  trace  of  chloride  as  indicated  by 
turbidity  after  24  hours’  standing. 

Procedure 

The  bomb  is  cleaned  by  washing  with  water  and  acetone  and 
drying  in  a  blast  of  air.  Calcium  oxide  is  added  until  the  bomb 
is  about  one-third  full  (Figure  1).  Enough  sample  to  give  not 
less  than  8  mg.  of  silver  chloride  is  introduced  by  means  of  the 


o 


I 


Scale 

Figure  3.  Sample 
Bulb  for  Liquids 
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Table  I.  Determination  of  Organic  Chlorine 


Com¬ 

bus¬ 

Weight 

Weight 

Cl 

tion 

of 

of 

Cl 

Theo¬ 

Sample 

Period 

Sample 

AgCl 

Calcd. 

retical 

Min. 

Mg. 

Mg. 

% 

% 

Monochloroacetic  acid, 

5 

12.38 

18.40 

36.77 

37.53 

C2H.O2CI 

10 

14.38 

21.80 

37.50 

15 

13.49 

20.55 

37.68 

20 

8.38 

12.66 

37.37 

20 

35.43 

53.58 

37.41 

/3-Hydroxy  trichlorobutyric 

20 

27.69 

57.55 

51.41 

51.26 

acid,  C4H5O3CI3 

20 

18.44 

38.53 

51.69 

20 

20.39 

42.57 

51.65 

Chloroacetophenone, 

20 

12.09 

11.12 

22.75 

22.95 

C6H6COCH2CI 

20 

8.78 

8. 13 

22.91 

p-Chloroacetanilide, 

10 

8.85 

7.03 

19  65 

20.90 

CsHaONCl 

15 

11.80 

10.01 

20.99 

20 

11.92 

10.04 

20.84 

20 

9.25 

7.75 

20.73 

p-Nitrobenzyl  chloride, 

20 

28.14 

23.18 

20.38 

20.66 

C7H6O2NCI 

20 

9.77 

8.23 

20.84 

p-Chloronitrobenzene, 

20 

14.54 

13. 15 

22.37 

22.51 

C6H4O2NCI 

20 

9.07 

8.26 

22.53 

Carbon  tetrachloride,  CCI4 

20 

13.93 

52.21 

92.71 

92.20 

20 

35.33 

131.31 

91.94 

Tetrafl  uorotetrachloropro- 

20 

9.05 

20.63 

56.39 

55.87 

pane,  C3CI4F4 

20 

13.82 

31  38 

56.17 

Tertiary  butyl  chloride, 

20 

5.98 

9.25 

38.26 

38.30 

C4H9CI 

20 

7.45 

11.51 

38.22 

a-Chloronaphthalene, 

20 

16.93 

14.79 

21.61 

21.80 

C10H7CI 

20 

13.17 

11.61 

21.81 

p-Dichlorobenzene,  C6H4CI2 

20 

22.51 

42.21 

46.39 

48.24 

35 

20.78 

39.52 

47.05 

20 

24.38 

47.65 

48.35“ 

20 

15.35 

30.06 

48 . 44“ 

Hexachlorobenzene,  CeCU 

20 

10.68 

32.34 

74.91“ 

74.71 

20 

12.25 

37.05 

74.82“ 

Research  compounds 

C18H25O12CI 

20 

44.65 

13.49 

7.47“ 

7.56 

20 

40.79 

12.23 

7.42“ 

C19H13O3CI 

20 

12.10 

5.28 

10.79 

10.93 

20 

18.96 

8.27 

10.79 

C24H14O2CI2 

20 

19.61 

13.80 

17.41 

17.50 

30 

26.36 

18.91 

17.75 

40 

30.39 

21.54 

17.53 

20 

27.06 

19.21 

17.56“ 

“  100  mg.  of  KOH3  were  added  to  calcium  oxide. 


weighing  tube.  More  calcium  oxide  is  added  until  after  gentle 
tapping  on  its  bottom  end,  the  bomb  is  about  two-thirds  full. 
The  copper  washer  is  put  in  place,  the  various  parts  of  the  bomb 
are  assembled,  and  B  is  turned  tightly  into  A.  The  contents  of 
the  bomb  are  well  shaken,  after  which  the  bomb  is  again  tapped 
to  settle  the  mixture  toward  the  bottom  end.  It  is  then  ready 
for  heating. 

The  lower  two  thirds  of  the  bomb  is  heated  to  dull  redness  over 
a  burner  for  20  minutes.  After  cooling  under  the  water  tap,  the 
bomb  is  opened  and  inverted  over  a  250-ml.  beaker  containing 
50  ml.  of  water,  and  the  contents  are  removed  by  gentle  tapping. 
Traces  of  calcium  oxide  which  adhere  to  the  walls  of  the  bomb 
are  removed  by  rinsing  several  times  with  small  amounts  of  hot 
water. 

The  covered  beaker  with  contents  is  kept  cool  in  a  pan  of  water 
and  concentrated  nitric  acid  is  added  until  the  solution  is  acid; 
usually  3  to  5  ml.  are  sufficient.  The  solution  is  filtered  through 
filter  paper  to  remove  carbon  and  the  filter  is  well  washed  with 
hot  water.  The  volume  at  this  point  should  not  exceed  125  ml. 
One  milliliter  of  5  per  cent  silver  nitrate  is  added  slowly  with 
stirring  and  the  precipitate  is  coagulated  by  heating  nearly  to 
boiling.  A  test  for  complete  precipitation  is  now  made  by  adding 
another  drop  of  silver  nitrate  solution. 

After  cooling  the  solution  in  an  ice-water  bath  to  about  room 
temperature,  the  precipitate  is  filtered  on  a  weighed  Gooch  micro- 
or  semimicro  crucible  with  an  asbestos  mat.  Fifty  milliliters  of 
0.5  per  cent  nitric  acid  solution  are  used  in  small  portions  for  wash¬ 
ing.  A  policeman  is  used  to  remove  traces  of  adhering  precipi¬ 
tate.  The  precipitate  is  dried  to  constant  weight  at  225°  to 
250°  C.  If  microcrucibles  are  used,  10  minutes’  heating  is  suf¬ 
ficient. 

For  liquid  samples,  the  sealed  bulb  containing  the  unknown  is 
placed  between  the  two  layers  of  calcium  oxide.  Shaking  is  of 
no  value  in  this  case,  since  the  sample  can  escape  only  after  the 
bulb  has  burst  on  heating. 

Discussion 

The  results  of  the  analysis  of  fifteen  organic  compounds  of 
widely  different  nature  are  given  in  Table  I.  All  samples 
used  were  tested  for  purity  by  observing  some  indicative 


property  such  as  melting  or  boding  point.  In  general  the 
accuracy  obtained  is  sufficient  for  the  organic  chemist,  who  is 
usually  interested  in  determining  the  number  of  cldorine 
atoms  in  a  molecule. 

The  results  with  monochloroacetic  acid  and  with  p-chloro- 
acetanilide  show  that  less  than  20  minutes’  heating  time  is  in¬ 
sufficient. 

Three  nitrogen  compounds  were  included  in  the  group  of 
compounds  analyzed  in  order  to  see  whether  cyanide  formation 
might  lead  to  appreciable  errors.  Apparently  it  does  not. 

The  results  for  the  four  volatde  liquids  are  in  excellent 
agreement  with  the  theoretical  and  indicate  the  advantage  of 
using  the  closed  tube  rather  than  the  open  tube  of  the  earlier 
workers.  The  technique  of  handling  liquid  samples  is  con¬ 
sidered  important.  By  sealing  the  bulb  containing  the  sam¬ 
ple,  the  escape  of  vapor  is  prevented  untd  the  calcium  oxide 
has  reached  a  fairly  high  temperature.  Only  then  is  enough 
pressure  generated  within  the  bulb  to  burst  it. 

Some  unburned  carbon  is  always  left  and  has  to  be  filtered 
from  the  nitric  acid  solution  of  the  oxide.  In  most  cases  this 
carbon  does  not  retain  any  chlorine.  However,  the  authors’ 
results  indicate  that  whenever  more  than  one  chlorine  atom 
is  attached  directly  to  a  benzene  ring,  it  is  difficult  to  remove 
all  of  the  chlorine  without  the  use  of  an  oxidizing  agent.  The 
addition  of  about  100  mg.  of  potassium  nitrate  to  the  bomb 
has  been  found  to  oxidize  the  carbon  sufficiently  so  that  sat¬ 
isfactory  chlorine  values  are  obtained.  Consequently,  addi¬ 
tion  of  potassium  nitrate  is  recommended  in  every  case  where 
the  condition  of  the  halogen  is  unknown  or  where  the  ratio 
of  carbon  to  chlorine  is  high. 

The  outstanding  difference  between  this  method  and  that 
of  Carius  is  in  the  comparatively  short  time  required  to  ob¬ 
tain  a  result.  For  a  single  determination  about  1.25  hours 
are  required.  If  two  bombs  are  available  and  several  deter¬ 
minations  are  made,  the  average  time  may  be  cut  to  50 
minutes. 

When  this  method  is  compared  with  that  using  the  Parr 
bomb,  the  principal  differences  are:  (1)  the  bomb  may  be 
assembled  at  a  relatively  small  cost;  (2)  decomposition  is 
attained  by  using  a  higher  temperature  with  no,  or  at  most  a 
trace  of,  oxidizing  agent;  (3)  the  reagents  are  comparatively 
easier  to  keep  and  are  less  dangerous  to  handle ;  (4)  less  pres¬ 
sure  is  generated  than  in  the  Parr  bomb,  and  the  bomb  is 
therefore  easier  to  seal. 

The  application  of  this  high-temperature  calcium  oxide 
bomb  to  other  determinations  is  in  progress  in  this  laboratory. 

Summary 

A  simple  bomb  has  been  constructed  for  carrying  out  the 
decomposition  of  organic  chlorides  by  the  lime-fusion  method. 
The  satisfactory  determination,  on  a  semimicro  scale,  of  chlo¬ 
rine  in  fifteen  organic  compounds  including  four  liquids  is 
described. 

The  use  of  a  closed  metal  tube  instead  of  an  open  glass  tube 
as  formerly  used  extends  the  application  of  the  lime-fusion 
method  to  volatile  liquids.  The  bomb  is  recommended  in 
organic  elementary  analysis  for  the  determination  of  chlorine 
in  preference  to  the  Carius  method,  especially  where  time  is  an 
important  factor. 

Literature  Cited 

(1)  Henne,  A.  L.,  and  Renoll,  M.  W.,  J.  Am.  Chem.  Soc.,  61,  2489 

(1939). 

(2)  Meyer,  H.,  “Analyse  und  Konstitutions-Ermittlung  organischer 

Verbindungen”,  p.  167,  Berlin,  Julius  Springer,  1938. 

(3)  Wintersteiner,  O.,  Mikrochemie,  2,  14  (1924). 

This  work  was  done  in  partial  fulfillment  of  the  requirements  for  the  degree 
of  master  of  science  at  The  Ohio  State  University. 


Microgravimetric  Determination  of  Active 
Hydrogen  by  the  Grignard  Reagent 

Application  to  Analysis  of  Impregnated  Paper  Insulating  Tapes 

R.  N.  EVANS,  J.  E.  DAVENPORT,  AND  A.  J.  REVUKAS 
Research  Bureau,  Consolidated  Edison  Company  of  New  York,  Inc.,  Brooklyn,  N.  Y. 


THE  application  of  the  Grignard  reagent  to  the  determina¬ 
tion  of  active  hydrogen  in  compounds  is  frequently  re- 
erred  to  as  the  Zerewitinoff  (S’)  method.  Recently  the  use 
jf  the  Grignard  reagent  for  the  study  of  the  rate  of  formation 
if  oil  deterioration  products  has  been  reported  by  Larsen  (4), 
Balsbaugh  and  Oncley  (2),  and  Assaf  and  Gladding  (1). 
These  authors  employ  a  volumetric  method  and  determine 
the  excess  of  reagent  at  the  end  of  the  test  in  order  to  compute 
the  quantity  of  reagent  entering  into  an  addition  reaction. 
An  excellent  review  and  description  of  the  volumetric  pro¬ 
cedure  are  given  by  Niederl  and  Niederl  (<?). 

The  method  described  in  this  paper  employs  a  more  pre¬ 
cise  weight  procedure  in  which  the  evolved  methane  is  burned 
to  carbon  dioxide  and  water,  which  are  absorbed  in  micro¬ 
chemical  absorption  tubes.  By  taking  advantage  of  the 
fact  that  a  Grignard  reagent  such  as  n-butylmagnesium  halide 
yields  four  times  the  weight  of  carbon  dioxide  per  unit  volume 
of  hydrocarbon  compared  with  methyl  magnesium  halide,  a 
considerable  increase  in  precision  may  be  obtained.  The 
weights  of  carbon  dioxide  and  water  formed  on  combustion 
prove  the  composition  of  the  hydrocarbon  evolved  from  the 
Grignard  reagent  and  thus  avoid  the  uncertainty  of  other  un¬ 
known  gases  which  may  be  included  in  the  volume  measure¬ 
ment. 

The  apparatus  is  the  same  as  that  employed  in  the  deter¬ 
mination  of  water  in  impregnated  paper  insulating  tapes  (S),  ex¬ 
cept  that  cell  E  is  replaced  by  the  two  cells  shown  in  Figure  1. 
The  novel  features  are  the  introduction  of  the  reagent  into  the 
reaction  chamber  through  a  serum  rubber  stopper  commonly  em¬ 
ployed  in  the  medical  laboratory,  by  means  of  a  syringe  fitted 
with  a  stainless  steel  needle,  and  the  use  of  two  reaction  cells  in 
series,  permitting  siphoning  the  reagent  onto  the  sample  without 
air  contamination.  The  siphoning  is  accomplished  by  momen¬ 
tarily  releasing  the  pressure  in  the  train  by  turning  the  three-way 
stopcock  in  the  nitrogen  line.  The  reaction  cells  were  heated 
by  air  baths  described  by  Master  (5) .  The  rate  of  gas  flow  was 
approximately  1  liter  per  hour  for  the  combined  gases  at  the  exit 
end  of  the  train. 

Two  complete  trains  were  used  in  the  experimental  work  to 
be  described.  It  was  thus  possible  to  carry  out  a  blank  de¬ 
termination  under  duplicating  conditions  in  experiments 
which  required  the  trains  to  be  opened  momentarily  to  the  air. 
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Figure  1.  Alternate  Cell  foe 
Grignabd  Reaction 


Water  and  a  dilute  aqueous  solution  of  phosphoric  acid  stored 
in  an  atmosphere  of  nitrogen  were  used  in  different  experi¬ 
ments  to  determine  the  excess  reagent. 

Most  of  the  preliminary  experiments  with  known  com¬ 
pounds  were  carried  out  at  elevated  temperatures  in  accord¬ 
ance  with  general  practice.  In  some  cases  confusing  side 
reactions  occurred  at  100°  C.  and  the  desired  reaction  was 
obtainable  only  at  a  reduced  temperature. 

Preparation  of  Grignard  Reagent 

The  reagent  was  made  by  distilling  at  reduced  pressure  iso¬ 
amyl  ether  from  methyl  magnesium  iodide  into  a  flask  to  which 
some  magnesium  turnings  had  been  added.  Nitrogen  after 
passage  over  hot  reduced  copper  oxide,  Ascarite,  and  Dehydrite 
was  admitted  to  the  flask.  By  means  of  the  serum  rubber  stop¬ 
per  and  syringe,  a  weighed  amount  of  distilled  methyl  iodide 
was  slowly  added  and  the  reaction  was  controlled  by  immersion 
in  an  ice-water  bath.  The  solution  was  refluxed  in  vacuo  as  the 
hydrocarbon  gases  were  removed  by  the  pump.  This  solution 
served  as  a  concentrated  stock  solution.  In  another  flask,  the 
more  dilute  reagent  was  prepared  by  adding  the  stock  solution  to 
isoamyl  ether  distilled  from  methyl  magnesium  iodide,  using  the 
serum  rubber  stopper  and  syringe.  Both  solutions  were  stored 
in  the  dark  under  purified  nitrogen  controlled  by  a  mercury 
piston. 


Table  I.  Stability  of  Grignahd  Reagent 


(Temperature  100° 

C.) 

Nitrogen 

H2O 

COi 

H2O/CO2 

Remarks 

Liters 

1 

Mg. 

0.09 

Mg. 

0. 14 

Experiment  A 
0.6 

814  mg.  of  solution  of  reagent 

1 

4.37 

5.37 

0.818 

in  isoamyl  ether  to  cell  2  by 
syringe 

Added  607  mg.  of  solution  of 

i 

0.08 

0.12 

0.7 

palmitic  acid  in  isoamyl 
ether  to  cell  2  by  syringe 

i 

2.42 

2.98 

0.812 

Added  1  ml.  of  H2O 

0.75 

0.16 

0.25 

Experiment  B 
0.6 

835  mg.  of  solution  of  reagent 

0.50 

0.06 

0.09 

0.7 

in  isoamyl  ether  to  cell  2  by 
syringe 

1.50 

0.16 

0.21 

0.8 

Added  774  mg.  of  solution  of 

0.50 

0.03 

0.05 

0.6 

benzophenone  in  isoamyl 
ether  to  cell  2  by  syringe 

1.0 

9.38 

11.55 

0.812 

Added  1  mi.  of  H2O 

Theoretical  for  CELi 

0.819 

Stability  of  Grignard  Reagent 

In  Table  I,  two  typical  experiments  illustrate  the  test  pro¬ 
cedure  as  well  as  the  extent  of  decomposition  of  the  reagent. 
The  ratio  of  water  to  carbon  dioxide  during  the  periods  before 
and  after  the  addition  of  the  sample  often  deviates  from  the 
theoretical  value  for  methane.  This  deviation  may  be  due 
to  the  passage  of  traces  of  isoamyl  ether  through  the  liquid 
air  trap  or  to  a  slight  decomposition  of  the  reagent.  In  actual 
magnitude,  the  weights  of  carbon  dioxide  and  water  obtained 
were  small,  but  greater  than  the  blank  on  the  train  when  the 
reagent  was  absent.  This  effect  and  its  bearing  on  the  re¬ 
agent  added  are  receiving  further  study.  Experiments  in 
which  the  water-carbon  dioxide  ratio  did  not  correspond 
closely  to  the  theoretical  value  for  methane  were  rejected. 
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Table  II.  Action  of  Grignard  Reagent  on  Water 


Experiment 

Nitrogen 

Tem¬ 

pera¬ 

ture 

/ — CH4  Evolved — x 
Found  Theory 

Deviation 
from  1  Mole 

Liters 

0  C. 

Millimole 

% 

1“ 

2 

100 

0.131 

0.110 

+  19 

2b 

2 

100 

0. 101 

0.075 

+35 

3“ 

2 

100 

0.117  0.090 

+30 

4C 

1 

25 

0.049 

0.060 

-18 

2 

25 

0.059 

0.060 

-1 

3 

25 

0.064 

0.060 

+7 

21 

100 

0. 113 

0.060 

+88 

hi 

1 

25 

0.114  0 . 058  e 

+97 

2  Reagent  added  by  syringe  to  cell  2.  Water  added  in  capillary  to  cell  1. 
Reagent  siphoned  back. 

t>  Reagent  added  by  syringe  to  cell  2.  Water  added  in  capillary  to  cell  1. 
Water  distilled  from  cell  1  to  cell  2. 

c  Reagent  added  by  syringe  to  cell  2.  Water  added  in  capillary  to  cell  2 
through  bore  of  stopcock  K  (Figure  1). 

d  Reagent  added  by  syringe  to  cells  1  and  2.  Isoamyl  ether  containing 
known  amount  of  water  added  by  syringe  to  cell  1  through  modified  stopper. 

e  Concentration  of  water  in  isoamyl  ether  was  determined  independently 
by  weight  method  (S),  correction  being  applied  for  water  due  to  combustion 
of  ether. 


Action  of  Grignard  Reagent 

On  Water.  One  of  the  first  substances  to  be  tried  out  was 
water.  In  Table  II,  the  experimental  results  indicate  that 
the  second  hydrogen  in  the  water  molecule  is  active  toward 
the  Grignard  reagent,  as  illustrated  by  the  following  equa¬ 
tion: 

H20  a  .OH 

CH3Mg  I  — >  CH4  T  +  Mg< 


CHaMgl  a 

- ^  CH4|  +  MgO  .  Mgl2 

In  experiment  4  (Table  II),  since  a  solid  hygroscopic  prod¬ 
uct  is  formed  in  the  reaction,  the  total  added  water  does  not 
have  intimate  contact  with  the  Grignard  reagent  which  is 
periodically  forced  around  the  bend  in  cell  2  by  the  carrier  gas, 
nitrogen.  Experiment  5  (Table  II)  was  designed  to  ensure 
an  excess  of  reagent  at  the  zone  of  reaction.  A  dilute  solution 
of  water  in  isoamyl  ether  was  added  by  syringe  to  cell  1 
through  the  stopper,  modified  so  that  it  was  equipped  with  a 
serum  rubber  stopper  and  stopcock.  In  this  way  the  water 
sample  was  dropped  directly  into  the  bulk  of  the  Grignard 
reagent  and  the  reaction  went  to  completion  in  1  hour  at  room 
temperature. 

On  Unimpregnated  Papers.  Preliminary  experiments 
were  carried  out  on  sulfate  cable  paper  tapes,  5  mils  in  thick¬ 
ness.  The  results  in  Table  III  substantiate  the  work  of  Wood 
(7) .  The  water  by  weight  was  determined  independently  on 
the  alternate  combustion  train  as  previously  reported  ( 3 ). 
The  data  show  clearly  that  the  water  when  removed  from 
the  paper  behaved  toward  the  Grignard  reagent  as  recorded 
in  Table  II  but  that  when  the  water  was  combined  with  the 
paper  it  behaved  as  if  only  one  hydrogen  were  active— i.  e., 
as  an  alcohol.  Although  the  amount  of  methane  evolved  is 
small,  calculation  of  the  free  hydroxyl  per  unit  of  CsHioOs 
from  the  first  experiment  indicates  that  one  hydroxyl  in  200 
is  active,  whereas  in  the  third  experiment  the  ratio  is  1  to 
1000.  No  correlation  between  the  reagent  added  and  other 
groups  in  the  cellulose  molecule  was  attempted. 

On  Organic  Acids.  The  normal  reaction  of  the  Grignard 
reagent  on  acids  consists  of  the  evolution  of  one  mole  of 
methane  and  the  addition  of  an  equivalent  mole  of  methane 
as  indicated  in  the  following  equation : 

OMgl 

i  /Ch3  a 

— cf  +  2  CHsMg  I — ^  — C<  +  CH4  | 

X)H  M  >  Mgl 

The  results  in  Table  IV  bring  out  that  at  elevated  tem¬ 
peratures  an  acid  irrespective  of  type  gave  high  results  at 


100°  C.  for  the  methane  evolved,  but  that  at  25°  C.  results 
corresponding  to  theory  may  be  obtained.  This  phenomenon 
was  entirely  distinct  from  that  described  previously  in  the 
behavior  of  water  toward  the  Grignard  reagent,  since  a  blank 
determination  following  the  addition  of  the  acid  sample 
invariably  yielded  negligible  quantities  of  carbon  dioxide 
(cf.  Table  I).  A  trace  of  peroxide  was  found  to  be  present  in 
the  abietic  acid  recrystalhzed  from  n-pentane,  but  this  fact 
could  not  account  for  the  similar  results  with  the  National 
Bureau  of  Standards  benzoic  acid.  The  addition  reaction 
gave  extremely  erratic  results  which  did  not  correspond  to 
theory  in  any  case.  The  effect  of  time,  temperature,  and 
steric  hindrance  may  be  expected  to  influence  the  yield  of 
ketones  synthesized  from  the  interaction  of  acid  and  Grignard 
compound. 

On  Miscellaneous  Compounds.  The  reaction  of  methyl 
magnesium  iodide  was  carried  out  on  a  single  member  of  the 
following  classes  of  organic  compounds:  alcohol,  ester, 
ketone,  and  peroxide.  The  results  listed  in  Table  V  indi¬ 
cated  that  the  state  of  purity  of  the  compound  was  the  chief 
factor  of  uncertainty  in  obtaining  theoretical  results  except 
in  the  case  of  peroxides.  The  benzoyl  peroxide  type  of  the 
latter  class  of  compounds  gave  results  which  could  be  ex¬ 
plained  only  by  a  deep-seated  decomposition  of  the  Grignard 
reagent  or  oxidation  of  the  benzene  nucleus  to  form  a  phenol 
with  the  subsequent  evolution  of  methane.  It  would  be 
extremely  unsafe,  however,  to  generalize  on  the  application 
of  the  reagent  as  an  analytical  tool  based  on  the  results  of  the 
tests  on  the  selected  compounds  in  Table  V. 


Table  III.  Action  of  Grignard  Reagent  on  Unimpregnated 

Cable  Paper 


(Equivalent  millimoles  of  CH4.  Temperature  100°  C.) 


Nitrogen 

Liters 

Weight 
of  Sample 
Mg. 

Grignard 

Evolved, 

Found 

Water 

by 

Weight 

Devia¬ 

tion 

% 

Remarks 

2.5 

105 

0.458 

0.448 

+2.2 

Reagent  in  cell  2, 
50%  humidity,  pa¬ 
per  cell  1,  siphoned 
reagent  from  cell  2 
immediately  after 
addition  of  paper 

2.5 

102 

0.625 

0.425 

+47 

Reagent  cell  2,  50% 
humidity,  paper  cell 
1,  water  distilled 
from  cell  1  to  cell  2 

3 

282 

0.005 2 

Paper  dried  18  hours 
at  105°  C.  in  cell  1. 
Added  reagent  to 
cell  2  and  siphoned 
back  to  cell  1. 

2  0.02  mole  added  to  paper  sample  in  this  experiment. 


Table  IV.  Action  of  Grignard  Reagent  on  Acids 

(Equivalent  millimoles  of  CH4) 


Tem¬ 

Grignard  Evolved 

Grignard  Added 

pera¬ 

Devia¬ 

Theory 

Devia¬ 

Substance 

ture 

Found 

Theory 

tion 

Found 

(1  Mole) 

tion 

0  C. 

% 

% 

Cyclohexane2 

carboxylic 
acid  as  re¬ 
ceived 

100 

0.127 

0.116 

+9 

0.112 

0.116 

-3.5 

Abietic  acid*> 

crystallized 
from  n-pen- 

100 

0. 196 

0. 177 

+  11 

0.009 

0.177 

-97 

tane 

100 

0.102 

0.090 

+  13 

0.004 

0.090 

-96 

Palmitic  acid2 
as  received 
Acetic  acid2 

100 

0.119 

0.093 

+28 

0.159 

0.093 

+71 

crystallized 

100 

0. 133 

0.105 

+27 

0.133 

0.105 

+27 

Benzoic  acid& 

100 

0. 144 

0. 119 

+21 

0.202 

0. 119 

+70 

fused 

25 

0. 159 

0.167 

-4.0 

0. 130 

0.167 

-22 

25 

0. 125 

0.128 

-2.5 

0.096 

0. 128 

-25 

a  Reagent  added  to  cell  2.  Acid  dissolved  in  isoamyl  ether  and  added  by 
syringe  to  cell  2. 

b  Acid  added  to  cell  1  at  25°  C.  and  reagent  added  to  cell  2.  Siphoned 
reagent  from  cell  2  to  cell  1. 
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Table  V.  Miscellaneous  Compounds 

(Equivalent  millimoles  of  CH<.  Temperature  100°  C.) 

Grignard  Evolved  Grignard  Added 


Substance 

Found 

Theory 

Found 

Theory 

n-Butanol  over0 
CaO 

0.100 

0.096 

0.008 

n-Butanol  over& 
activated  AI2O3 

0.173 

0.172 

Nil 

Benzophenone& 
as  received 

0.006 

0.114 

0.115 

Benzophenone' 
reerystallized 
from  pentane 

Nil 

0.  126 

0.123 

Ethyl  benzoate* 
distilled 

0.004 

0.162 

0. 162  (2  moles) 

Benzoyl  peroxide' 

0.060 

0.083  (1  mole) 

0.287 

0. 249  (3  moles) 

0  Added  in  capillary  to  cell  1  and  distilled  into  reagent 

in  cell  2. 

&  Substance  dissolved  in  isoamyl  ether  and  added  by  syringe  to  reagent  in 
cell  2. 

*  Added  to  cell  1  and  siphoned  back  reagent  from  cell  2. 


Conclusion 

A  microgravimetric  Zerewitinoff  method  is  described  which 
has  numerous  advantages  over  the  volumetric  procedure. 
The  preliminary  tests  show  that  theoretical  results  may  be 
obtained  for  the  active  hydrogen  content  of  a  typical  organic 
compound  at  25°  C.  in  the  absence  of  certain  types  of  per¬ 
oxides.  It  appears  unlikely,  however,  that  arbitrary  condi¬ 


tions  of  time  and  temperature  can  be  set  to  include  all  com¬ 
pounds  containing  active  hydrogen.  The  presence  of  acids 
renders  the  measurement  of  the  quantity  of  reacting  reagent 
without  evolution  of  methane  extremely  inaccurate.  It  was 
concluded  that  the  method  showed  promise  for  the  deter¬ 
mination  of  Grignard  evolved  of  oil  and  oil-impregnated  paper 
samples  but  that  no  correlation  between  known  groups  with 
the  Grignard  added  could  be  expected. 
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A  Semimicro-Dumas  Method  for 
Difficult  Compounds 

ANTHONY  R.  RONZIO,  University  of  Colorado,  Boulder,  Colo. 


A  procedure  is  given  for  the  determination 
of  nitrogen  in  carbon  compounds  which 
form  methane  and  tars  upon  pyrolysis.  A 
special  nitrometer  for  use  in  this  procedure 
is  described. 

ORGANIC  compounds  which  form  tars,  graphitic  car¬ 
bon,  or  methane  upon  pyrolysis,  present  difficulties 
when  analysis  is  attempted  by  the  standard  Dumas  method. 
The  following  modification  of  the  method  previously  published 
by  the  author  (5)  has  given  satisfactory  results  on  this  class 
of  compounds  for  the  past  2  years,  in  the  hands  of  both  the 
author  and  others. 

Spies  and  Harris  ( 6 )  and  Hayman  and  Adler  (S)  have  pro¬ 
posed  methods  for  burning  tar-  and  graphite-forming  com¬ 
pounds.  The  large  amounts  of  copper  acetate  required  by  the 
procedure  of  Hayman  and  Adler  for  the  larger  semimicro¬ 
sample  introduces  difficulties  in  burning  the  sample  at  a  slow 
and  uniform  rate,  and  for  this  reason  preference  is  given  to  the 
method  of  Spies.  The  greater  quantity  of  potassium  chlorate 
necessary  to  burn  the  larger  sample  makes  the  use  of  boats 
out  of  the  question.  Mixing  the  potassium  chlorate  with 
cupric  oxide  gives  satisfactory  combustions. 

Precipitated  manganese  dioxide  made  according  to  the 
method  of  ter  Meulen  (7),  after  having  been  heated  to  500° 
to  600°  C.  in  a  stream  of  purest  carbon  dioxide,  will  quanti¬ 
tatively  burn  methane  to  carbon  dioxide  and  water  at  500° 
to  600°  C.  Although  ter  Meulen  uses  manganese  dioxide  in 
place  of  copper  oxide  for  the  Dumas  nitrogen,  he  seems  to  be 
unaware  of  the  oxidizing  power  of  manganese  dioxide  toward 


methane  at  a  higher  temperature  than  he  recommends  (400° 
to  450°  C.). 

The  combustion  tube  is  made  of  Supremax  glass.  Figure  1 
shows  the  arrangement  of  the  burners  and  the  dimensions  of 
the  various  fillings.  Sections  a,  h,  and  l  are  copper  spirals,  and  b 
is  a  section  of  iodine  pentoxide  (60-mesh).  Section  c  is  10-mesh 
pumice,  which  serves  to  insulate  the  hot  copper  oxide  (60-mesh), 
d,  from  the  iodine  pentoxide.  Section  e  is  40-mesh  copper  re¬ 
duced  by  hydrogen,  which  is  followed  by  section/,  platinized  asbes¬ 
tos,  and  section  g,  manganese  dioxide  pretreated  in  the  following 
manner:  The  freshly  precipitated  and  washed  manganese  di¬ 
oxide  is  allowed  to  dry  in  Petri  dishes,  the  lumps  are  broken  up 
with  a  razor  blade  and  screened,  and  the  product,  >20-  to  <  40- 
mesh,  is  saved. 

A  Supremax  combustion  tube  40  cm.  long  is  filled  with  this 
hydrated  manganese  dioxide  and  heated  to  500°  to  600°  C. 
while  a  steady  stream  of  purest  carbon  dioxide  flows  through  the 
tube  at  a  rate  of  2  or  3  bubbles  per  second.  This  treatment  is 
continued  for  4  to  6  hours.  At  the  end  of  this  time  the  tube  is 
allowed  to  cool  and  is  emptied.  This  manganese  dioxide  is  then 
used  to  fill  the  combustion  tube,  [ter  Meulen  states  (7)  that 
manganese  dioxide  decomposes  at  450°  C.  During  the  heating, 
quantities  of  oxygen  are  given  off,  but  the  oxide  remains  a  deep 
chocolate  brown.  The  appearance  of  a  pale  brown  oxide  indi¬ 
cates  that  too  high  a  temperature  has  been  used  and  the  product 
is  worthless.]  The  carbon  dioxide  used  was  obtained  from  a 
Kipp  generator  equipped  with  a  mercury  valve.  Treated  marble 
chips  and  dilute  hydrochloric  acid  were  used  to  generate  the  gas. 

Section  i  is  40-mesh  copper  reduced  by  hydrogen  and  is  re¬ 
newed  for  each  analysis  as  specified  by  Spies  and  Harris  ( 6 ). 
Section  j  consists  of  sample  and  fine  copper  oxide  mixed  in  the 
usual  manner.  Section  k  is  a  mixture  of  fine  copper  oxide  and 
0.1  to  0.15  gram  of  potassium  chlorate.  The  part  indicated  as 
m  is  heated  by  a  hollow  mortar  containing  boiling  xylene  as  de¬ 
scribed  in  a  previous  paper  (5).  The  long  burner,  p,  is  placed  as 
shown,  while  r  and  s  are  movable  burners.  The  various  sections 
should  be  separated  from  each  other  by  small  wads  of  asbestos 
(not  shown). 
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Figure  1..  Combustion  Tube 


In  carrying  out  the  analysis,  the  reduced  copper,  i,  the  sample, 
j,  the  potassium  chlorate-copper  oxide  mixture,  k,  and  the  copper 
spiral,  l,  are  introduced  in  the  order  given.  After  the  tube  has 
been  freed  of  air  in  the  usual  manner,  the  mortar  burner  and  the 
long  burner  are  ignited.  A  Pyrex  beaker  is  slipped  over  the  end 
of  the  long  burner  as  far  as  o  to  prevent  premature  burning  of  the 
sample.  When  the  tube  has  come  to  full  heat  and  microbubbles 
appear  in  the  nitrometer,  burner  r  is  ignited,  the  beaker  is  re¬ 
moved,  and  the  sample  is  burned  by  gradually  moving  r  away 
from  the  long  burner. 

When  the  sample  has  been  burned,  burner  s  is  ignited.  Burn¬ 
ers  r  and  s  are  then  simultaneously  moved  toward  the  long  burner 
at  such  a  rate  as  to  generate  the  oxygen  evenly.  A  rate  of  one 
bubble  per  second  is  usually  sufficient.  When  gases  cease  to  be 
evolved,  the  tube  is  swept  free  of  nitrogen  at  a  rate  of  two  bubbles 
per  second.  The  nitrogen  collected  in  a  (see  Figure  2)  is  trans¬ 
ferred  to  c  and  allowed  to  stand  over  the  yellow  phosphorus  until 
no  more  fog  forms.  It  is  then  transferred  to  d  and  the  volume 
read  after  a  lapse  of  2  to  3  minutes.  This  stage  of  the  procedure 
follows  that  of  Parker  (4)  and  Foxwell  (2),  who  used  it  to  deter¬ 
mine  nitrogen  in  coke. 

In  a  few  instances  the  results  were  low  in  spite  of  the 
greatest  care  in  carrying  out  the  combustion.  The  solution 
of  this  difficulty  is  as  follows: 

The  tube  is  cooled,  and  the  copper  oxide-potassium  chlorate 
section  and  the  cupric  oxide  sample  section  are  emptied  into  dif¬ 
ferent  evaporating  dishes.  Into  each  dish  0.1  to  0.15  gram  of 
finely  powdered  potassium  chlorate  is  put,  and  each  mixture  is 
ground  thoroughly  by  means  of  a  small  glass  pestle.  The  mix¬ 
tures  are  again  placed  in  the  tube  and  the  combustion  is  carried 
out  as  if  a  new  analysis  were  being  made.  The  nitrogen  from  the 
two  combustions  is  collected  and  the  volume  measured. 

One  exceedingly  difficult  compound,  belonging  to  the  above- 
mentioned  class,  required  four  such  treatments  for  complete 
combustion.  Such  compounds  are  rare,  however,  and  one 
procedure  as  described  will  give  satisfactory  results  with  the 
majority  of  compounds. 


Table  I.  Analyses  of  Pyrimidines 


(Analyses  performed  by  L.  P.  Ferris,  II. 

Weight  of  samples, 

9  to  20  mg.) 

. - Nitrogen  Determined - 

Dumas 

(Pregl, 

LOs 

Spies- 

MnOs 

type) 

Harris 

method 

Theory 

Compound  % 

% 

% 

% 

2  -  Methyl  -  5  -  n  -  butyl  -  4,6-  15.14 

15.32 

15.38 

dihydroxypyrimidine  15.10 

15.49 

12.40 

•  ■  • 

14.00 

15.02 

2  -  Methyl  -  5  -  n  -  amyl  -  4,6- 

14.66 

14  .’32 

14.'  29 

dihydroxypyrimidine 

14.65 

14.33 

2  -  Methyl  -  5  -  ethyl  -  4,6-di- 

18.60 

18.09 

18i  i9 

hydroxypyrimidine 

. . . 

18.28 

. . . 

No  definite  directions  can  be  given  as  to  the  rate  of  burning. 
In  general  the  more  methane  a  compound  forms  during  the 
analysis,  the  slower  must  be  the  burning  of  the  sample.  The 
manganese  dioxide  filling  gradually  loses  its  reactivity  toward 
methane,  and  should  be  renewed  after  about  15  to  20  analyses. 
More  time  is  required  to  remove  the  last  traces  of  nitrogen 
than  is  necessary  with  a  standard  filled  tube.  The  analysis 
will  require  about  1.5  hours  for  a  single  combustion  procedure. 


At  times  during  the  analysis  a 
sudden  evolution  of  gas  may  occur, 
and  may  carry  small  quantities  of 
oxygen  past  the  reduced  copper.  Also, 
some  compounds  require  several  po¬ 
tassium  chlorate  combustions  to  be 
burned  completely.  For  these  reasons 
the  nitrometer  described  in  Figure  2 
is  recommended  for  this  procedure. 


Parts  a ,  b,  and  d  are  the  nitrometer, 
phosphorus  tube,  and  gas  buret.  The 
stick  of  yellow  phosphorus,  c,  is  in  buret 


b,  and  is  pushed  up  by  glass  rod  g,  as  it  is  consumed.  The  iron 
rods,  e  and  /,  are  used  to  support  the  leveling  bulbs  for  the  gas 
buret  and  the  phosphorus  tube.  The  solution  used  to  fill  nitrometer 
a  is  50  per  cent  potassium  hydroxide.  The  confining  liquids  in  the 
phosphorus  tube,  b,  and  the  gas  buret,  d,  are  distilled  water. 
Care  should  be  taken  in  the  transfer  of  gases  that  no  potassium 
hydroxide  be  allowed  to  flow  into  b,  as  this  would  cause  the  for¬ 
mation  of  phosphine.  The  potassium  hydroxide  reservoir  for 
a  is  of  the  desk-top  type. 

The  results  obtained  on  several  members  of  a  series  of 
pyrimidines  which  could  not  be  successfully  analyzed  by  the 
author’s  previously  published  method  are  shown  in  Table  I. 
Some  of  the  compounds  are  tar-forming  and  also  give  methane 
on  pyrolysis.  The  compounds  mentioned  by  Craig  ( 1 )  were 
also  analyzed  by  this  procedure. 

Literature  Cited 

(1)  Craig,  D.,  J.  Am.  Chem.  Soc.,  60,  1458  (1938). 

(2)  Foxwell,  G.  E.,  Gas  World  (Coking  Sec.),  2—4  (1924). 

(3)  Hayman,  D.  F.,  and  Adler,  S.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  9, 

197  (1937). 

(4)  Parker,  A.,  Gas  J.,  150,  624  (1920). 

(5)  Ronzio,  A.  R.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  8,  122  (1936). 

(6)  Spies,  J.  R.,  and  Harris,  T.  H.,  Ibid.,  9,  304  (1937). 

(7)  Thorpe,  J.  F.,  and  Whiteley,  M.  A.,  “Students’  Manual  of  Or¬ 

ganic  Chemical  Analysis”,  p.  249,  New  York,  Longmans, 
Green  and  Co.,  1925. 


Systematic  Qualitative  Organic  Microanalysis 

Determination  of  the  Refractive  Index  of  Liquids 

HERBERT  K.  ALBER  AND  J.  T.  BRYANT 

Microchemical  Laboratory,  Biochemical  Research  Foundation  of  the  Franklin  Institute,  Philadelphia,  Penna. 


THE  determination  of  the  refractive  indices  of  liquid  and 
solid  compounds  is  very  important  in  any  systematic 
scheme  of  qualitative  organic  analysis — e.  g.,  the  micro- 
analytical  scheme  described  by  Alber  (1).  V arious  procedures 
for  measuring  the  refractive  index  by  means  of  the  microscope 
are  available  for  minute  amounts  of  material  ( 6 ,  7).  For  the 
purposes  of  qualitative  organic  microanalysis  a  satisfactory 
method  in  the  authors’  opinion  should  meet  the  following 
requirements:  (1)  An  accuracy  within  ±0.001  is  all  that  is 
usually  necessary  in  the  method  of  identification  of  an  un¬ 
known  organic  compound,  since  small  amounts  of  impurities 
or  changes  of  1°  C.  in  the  temperature  of  the  laboratory  will 
influence  the  fourth  decimal  place  to  a  considerable  extent. 
(2)  Special  emphasis  should  be  placed  on  liquid  samples  in 
view  of  the  dearth  of  data  on  the  refractive  index  of  organic 
solids.  (3)  The  amount  of  liquid  used  for  one  determination 
must  not  exceed  10  cu.  mm.  and  should,  at  least  to  a  large 
extent,  be  recoverable  unchanged  after  the  determination. 
(4)  Manipulation  should  be  easy,  allowing  quick  determina¬ 
tions;  a  time  limit  of  10  minutes  appears  reasonable  if  one 
considers  the  small  amounts  to  be  measured.  (5)  The  total 
range  of  refractive  indices  should  extend  from  that  of  water 
to  at  least  2.00. 

During  recent  years  the  authors  systematically  tested  several 
methods  with  numerous  compounds  of  varying  constitution. 
Without  doubt,  the  most  convenient  instrument  for  the  deter¬ 
mination  of  refractive  indices  is  the  Abbe  refractometer,  but  it 
requires  about  50  to  100  cu.  mm.  of  liquid  sample,  and  has  a 
limited  range.  In  some  cases,  the  volume  can  be  reduced  to 
about  10  cu.  mm.  by  distributing  the  liquid  on  a  15  X  10  mm. 
piece  of  fine  tissue  paper — e.  g.,  Japanese  lens  paper — and  placing 
it  between  the  prisms.  Under  these  conditions  the  recovery  of 
the  substance  is  rather  difficult.  The  dipping  refractometer  of 
Zeiss  can  be  equipped  with  an  auxiliary  prism  designed  by  Pregl 
(17)  and  a  diaphragm,  allowing  measurements  on  about  20  cu. 
mm.  of  the  liquid  sample  with  an  accuracy  of  a  few  units  in  the 
fifth  decimal  place;  unfortunately,  this  instrument  is  expensive. 

The  “schlieren”  method  of  Emich  and  co-workers  (4,  6,  9,  19) 
is  a  true  microprocedure,  since  one  is  able  to  determine  the 
refractive  index  on  a  few  cubic  millimeters  of  the  liquid  with  a 
sensitivity  of  about  0.0001.  This  qualitative  method  has  been 
adapted  for  quantitative  measurements  by  Alber  and  von 
Renzenberg  (5)  and  has  been  found  by  Mayrhofer  (15)  to  be  very 
useful  in  pharmaceutical  analysis.  With  inexpensive  apparatus 
results  accurate  to  within  ±0.0005  can  be  obtained,  but  the 
recovery  of  the  sample,  distributed  in  a  larger  amount  of  a  refer¬ 
ence  liquid,  involves  too  many  difficulties  for  frequent  use.  Also, 
a  considerable  number  of  standard  liquids  with  An  =  0.0250 
must  be  available  to  cover  the  range  of  refractive  indices  en¬ 
countered  in  qualitative  organic  analysis. 

Methods  involving  the  use  of  a  microscope  possess  certain  ad¬ 
vantages  for  the  microanalyst.  The  Becke-line  method  (6,  7), 
the  sensitivity  and  accuracy  of  which  have  been  carefully  studied 
by  Saylor  (18),  can  be  applied  to  liquids  if  a  few  particles  of  a 
glass  powder  with  known  refractive  index  are  immersed  in  about 
5  cu.  mm.  of  the  unknown  liquid.  If  the  refractive  indices  of  the 
glass  and  sample  are  close,  an  average  accuracy  of  0.003  can  be 
obtained  on  unknown  organic  liquids  under  ordinary  laboratory 
conditions.  Unfortunately,  it  is  rather  difficult  to  obtain 
sets  of  glass  powders  with  closely  graded  refractive  indices. 
Kofler  (13,  14)  has  recommended  a  set  of  16  powders  differing 
in  refractive  index  by  0.02  to  0.03  and  covering  the  range  from 
1.4339  to  1.8052.  In  testing,  this  procedure  was  found  im- 
ractical  with  volatile  and  viscous  substances,  the  difficulties 
eing  caused  by  the  several  additions  and  removals  of  glass  par¬ 
ticles  necessary  to  bring  the  refractive  indices  to  a  match. 

Wright  (20)  gave  a  splendid  review  of  methods  for  single 
“drops”  of  liquids  as  used  in  connection  with  petrographic 


work,  but  the  special  apparatus  required  is  not  easily  available 
The  method  of  Jelley  (10)  applies  the  smallest  amounts  of  liquid 
of  any  known  method,  0.1  cu.  mm.  being  mentioned;  apparently 
it  is  accurate  to  within  ±0.001.  Since  the  apparatus  was  not 
available  at  the  time  of  the  authors’  investigations,  the  modified 
form  suggested  by  Edwards  and  Otto  ( [8 )  was  tested,  which  gave 
results  accurate  to  only  ±0.004  on  10-cu.  mm.  liquid  samples. 
Kirk  and  Gibson  (11)  came  to  the  same  conclusion,  and  then 
developed  a  method  which  correlates  the  change  of  depth  of 
focus  with  a  change  in  refractive  index  of  the  liquid.  This 
method  was  published  after  completion  of  the  authors’  experi¬ 
mental  work,  and  could  not  be  included  in  this  report;  but  it 
seems  that  the  procedure  is  equivalent  in  accuracy  and  ease  of 
manipulation  to  the  one  described  below. 

The  procedure  finally  adopted  was  that  of  Nichols  (16), 
who  kindly  cooperated  in  the  construction  of  a  microrefrac- 
tometer  with  a  capacity  of  from  6  to  7  cu.  mm.,  which  meets 
the  above  requirements  and  is  easier  to  manipulate  than  the 
corresponding  macroinstrument  for  100  to  200  cu.  mm. 
(According  to  a  private  communication,  smaller  cells  with 
5-cu.  mm.  capacity  have  since  been  constructed.) 

Description  of  Microrefractometer 

For  details  the  reader  is  referred  to  the  original  article  by 
Nichols  (16).  Two  prisms,  G  and  Gh  of  the  same  refractive  index, 
N  =  Nh  are  cemented  into  a  metal  ring  and  covered  with  the 
unknown  liquid,  L,  of  refractive  index  AT  2  to  be  determined 
(Figure  1).  Light  strikes  the  fine  line  Y',  drawn  across  the  base 
of  the  prisms,  passes  undeviated  through  the  prisms,  and,  upon 
entering  L,  is  deviated,  depending  upon  the  difference  in  the  re¬ 
fractive  indices.  In  the  case  of  an  assumed  smaller  refractive 
index  of  the  liquid  (AT*  <  Ni  or  N),  the  path  of  light  will  resemble 
the  schematic  drawing  of  Figure  1;  lines  Z  and  Zx  are  produced 
by  passing  through  the  surface  of  the  liquid,  formed  by  a  cover 
glass  The  angle  between  Z  and  Zx  measures  the  double  devia¬ 
tion  of  the  light  beam  and  is  directly  proportional  to  the  An 
between  glass  prisms  and  liquid,  the  distance  of  Z  from  Z 1  being 
determined  with  a  microscope  at  the  virtual  lines  Z  and  Z\  , 

best  at  points  1  and  2.  ,  ,,  A  ,, 

In  the  actual  microrefractometer  (obtainable  through  the  Arthur 
H.  Thomas  Co.,  Philadelphia,  Penna.)  the  two  tiny  prisms  are 
mounted  in  a  metal  ring  5  mm.  in  diameter,  the  upper  rim  of 
which  is  above  the  top  of  the  prisms.  A  slide,  40  X  80  X  3  mm., 
carries  two  independent  cells,  having  prisms  with  refractive  indices 


Figure  1.  Schematic  Presentation  of  Plane  of  Light 
Passing  through  Cell 

L  Liauid  with  lower  refractive  index  than  that  of  prisms  O  and  Gi 
Ni  >  Nt,  N  >  Ni,  N  =  Ni 
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of  1.52  and  1.72,  respectively.  (The  experiments  in  this  study 
were  carried  out  with  a  cell  of  n  =  1.75;  glass  prisms  of  this 
refractive  index  are  no  longer  obtainable.)  Below  the  prisms  is 
drawn  a  fine  line  which  is  viewed  through  the  microscope.  For 
greater  accuracy  or  for  use  with  very  volatile  liquids,  the  cells 
can  be  surrounded  by  a  water  jacket  cemented  to  the  glass  shde- 

Procedure 

The  instrument  is  best  calibrated  by  means  of  several 
stable  liquids  of  known  refractive  index — e.  g.,  mixtures  of 
paraffin  and  Halowax  oils  (standards  1  to  5  in  Table  I) . 

Table  I.  Refractive  Index  Determination  of  Liquids  at 

28°  C. 


(For  this  series  of  experiments  a  cell  marked  1.75  was  used.) 


Microrefractometer 

Abb6 

Readings 

n  found 

Refrac¬ 

Error  in 

in 

from  graph 

tometer 

Units  of 

Liquids  Tested 

divisions 

or  table 

Readings 

O.OOx 

Standard  1  (1.4803,  21°  C.) 

19.0 

1.479 

1.4779 

+  1 

Standard  2  (1.5198,  21°  C.) 

16.4 

1.517 

1.5174 

Standard  3  (1.5508,  21°  C.) 

14.2 

1.548 

1.5482 

Standard  4  (1.5972,  21°  C.) 

10.9 

1.595 

1.5952 

Standard  5  (1.6348,  21°  C.) 

8.3 

1.633 

1.6333 

. . . 

Isobutyl  alcohol 

24.6 

1.398 

1.3968 

+  l' 

Diethyl  oxalate 

24.0 

1.407 

1 . 4059 

+  1 

Oleic  acid 

20.4 

1.458 

1.4578 

Cyclohexanol 

20.1 

1.462 

1.4618 

Cyclohexane 

19.8 

1.468 

1.4681 

Benzyl  alcohol 

15.0 

1.536 

1 . 5362 

Nitrobenzene 

14.3 

1.547 

1.5475 

-i 

Bromoform 

11.5 

1.587 

1 . 5877 

-l 

a-Bromonaphthalene 

6.6 

1.657 

1 . 6547 

+  2 

In  making  a  measurement,  the  liquid  is  transferred 

into  the 

cell  by  means  of  a  capillary  pipet,  so  that  the  liquid  forms  a  con¬ 
vex  meniscus  above  the  rim.  A  cover  glass  is  slipped  into  place, 
care  being  taken  that  no  bubbles  are  formed.  The  microscope 
should  allow  a  magnification  of  from  X  80  to  140.  The  ocular 
is  provided  with  a  scale,  or,  better,  with  a  filar  micrometer.  The 
tube  length  of  the  microscope  must  be  the  same  throughout  all 
experiments.  The  microscope  is  sharply  focused  on  the  two  lines 
and  the  distance  between  them  measured  on  the  micrometer  scale. 
The  number  of  divisions  (or  the  corresponding  millimeters)  is 
entered  as  the  abscissa,  the  corresponding  refractive  index  as 
the  ordinate,  and  the  value  plotted.  By  using  at  least  four 
liquids  of  known  refractive  index  a  straight  line  is  obtained, 
the  slope  of  which  depends  upon  applied  constants — i.  e.,  mag¬ 
nification,  size  of  divisions  in  millimeters,  and  refractive  index  of 
the  cell.  Both  cells  are  calibrated  in  this  manner,  so  that  the 
whole  range  from  the  refractive  index  of  water  to  about  2.00  is 
available.  Since  the  change  in  refractive  index  with  temperature 
is  known  (see  Table  I),  one  can  derive  similar  lines  for  other  tem¬ 
peratures,  or  can  interpolate  all  the  values  for  increasing  refrac¬ 
tive  indices  and  prepare  a  table,  from  which  the  refractive 
index  can  be  read  directly. 

After  the  measurement  most  of  the  liquid  is  removed  from  the 
cell  by  means  of  a  capillary  pipet  and  the  rest  is  washed  out  with 
a  suitable  solvent.  As  standard  procedure  washing  the  cover 
glass  and  cell  with  a  stream  of  absolute  alcohol  from  the  one- 
piece  wash  bottle  of  Alber  (£),  and  following  this  with  ether,  are 
recommended.  The  last  traces  of  ether  are  removed  with  a 
stream  of  filtered  air  which  is  directed  from  a  fine  capillary  tip 
onto  the  cell.  Since  this  procedure  results  in  a  marked  cooling 
of  the  cell,  3  to  5  minutes  should  elapse  before  another  determina¬ 
tion  is  started.  One  complete  determination  can  be  easily  car¬ 
ried  out  in  about  6  to  8  minutes. 

Experimental 

It  was  the  authors’  intention  to  measure  under  rather  un¬ 
favorable  conditions,  so  as  to  approach  the  circumstances  of 
an  occasional  test  carried  out  in  the  course  of  a  qualitative 
identification— e.  g.,  temperatures  of  from  27°  to  31°  C.  and 
relative  humidities  of  from  75  to  90  per  cent  prevailing. 

The  absolute  purity  of  the  selected  liquids  was  considered  to 
be  of  minor  importance,  and  therefore  they  were  used  as  ob¬ 
tained  from  commercial  sources.  The  determinations  were 
carried  out  simultaneously  with  the  microrefractometer  and  an 
Abbe  refractometer  placed  beside  the  microscope;  thus,  all  errors 
due  to  changes  in  temperature  were  reduced.  The  range  of 
refractive  indices  was  from  1.347  to  1.654,  'which  was  best  covered 
by  using  the  cell  marked  1.75.  The  microscope  was  a  Leitz 
instrument,  with  objective  No.  3  (X  10.75)  and  a  Reichert  eye¬ 
piece  X  13,  giving  a  magnification  of  about  X  140.  The  micro¬ 
scope  tube  length  was  held  constant  at  170  mm.  Under  these 


conditions  one  division  of  the  scale  in  the  eyepiece  micrometer 
corresponded  to  0.019  mm.,  and  0.1  division  could  be  estimated. 
Since  the  lines  of  the  authors’  refractometer  as  observed  through 
the  microscope  had  a  width  of  about  0.3  division,  it  was  neces¬ 
sary  to  take  the  readings  on  the  corresponding  edges  of  the  fines. 
This  uncertainty  in  the  reading  seems  to  be  responsible  for  the 
major  part  of  the  error  of  this  method.  When  exact  focus  has 
been  attained  there  is  no  parallax  and  results  can  be  easily 
duplicated. 

Table  I  shows  some  of  the  results  obtained.  The  mean 
deviation  between  the  two  methods  was  calculated  from  over 
100  determinations  to  be  —0.0002;  the  maximum  deviation 
observed  was  ±0.002  in  two  cases  only,  one  of  which  is  re¬ 
ported  in  Table  I.  In  general,  an  accuracy  within  ±0.001 
in  the  determination  of  the  refractive  index  can  be  safely 
assumed. 

With  white  light  no  difficulties  have  been  encountered  with 
dispersion,  especially  if  lower  magnifications  ( X  80)  were  used 
(eyepiece  X  8  and  objective  X  10  as  recommended  by  Nichols, 
16).  Only  a  few  slightly  colored  liquids  have  been  tested 
up  to  the  present. 

With  controlled  fight  and  temperature  conditions  the  ac¬ 
curacy  can  be  increased  to  within  ±0.0005,  in  comparison 
with  the  Abbe  refractometer,  the  measurements  of  which 
are  assumed  to  be  accurate  to  ±0.0001.  Sodium  filters, 
Eastman  Kodak  Company,  No.  64  or  73,  are  placed  before 
the  fight  source  and  give  ample  fight  of  uniform  wave  length. 
The  water  jacket  previously  mentioned  keeps  the  tem¬ 
perature  constant  to  within  0.5°  C. 

The  refractive  index  of  the  standard  liquids  was  deter¬ 
mined  at  three  temperatures,  21.0°,  26.2°,  and  28.0°  C.,  the 
average  deviation  per  1  °  C.  change  in  temperature  being  about 
0.0003;  the  results  of  the  determination  at  two  tempera¬ 
tures  are  given  in  Table  I.  Thus  it  was  possible  to  calculate 
and  prepare  graphs  or  tables  for  any  desired  temperature. 

Determinations  of  the  refractive  index  at  elevated  tem¬ 
peratures  can  be  carried  out  with  the  help  of  Kofler’s  hot 
stage  {12).  However,  it  is  not  advisable  to  work  above  55° 
to  60°  C. 

In  order  to  prove  that  the  accuracy  was  about  the  same  in 
both  the  1.52  and  1.75  cells,  several  liquids  were  tested 
at  about  the  same  time  in  each  of  the  two  cells  and  in  the 
Abbe  refractometer;  the  results  of  these  experiments  are 
reported  in  Table  II.  The  cell  marked  1.52  is  recommended 
to  be  used  for  refractive  indices  below  1.40  and  above  1.65, 
the  cell  marked  1.75  (in  newer  instruments  1.72)  for  refrac¬ 
tive  indices  between  1.40  and  1.65  and  from  1.85  to  2.00. 


Table  II.  Comparison  of  Accuracy  of  Two  Cells  at  28°  C. 

Cell  Marked  1.52  Cell  Marked  1.75 

Read-  Read¬ 
ings  n  Abbe  ings  n 

in 

found 

Error 

Re¬ 

in 

found 

Error 

Liquids 

divi¬ 

from 

in 

fractom¬ 

divi¬ 

from 

in 

Tested 

sions 

graph 

O.OOx 

eter 

sions 

graph 

O.OOx 

Ethyl  alcohol 

14.9 

1.360 

+  1 

1.3584 

27  3 

1.359 

+  1 

Heptaldehyde 

10.1 

1.413 

-1 

1.4143 

23.3 

1.416 

+2 

Ethylene  glycol 
Di-n-butyl 

8.8 

1.427 

-1 

1.4285 

22.6 

1.427 

-2 

phthalate 
/9-P  h  e  n  y  1  a  t  e 

3.2 

1.489 

... 

1.4891 

18.4 

1.488 

-1 

bromide 

-2.6° 

1.553 

. . . 

1.5532 

13.9 

1.553 

. . . 

®  This  indicates  displacement  of  lines  from  their  undeviated  positions  in 
direction  opposite  from  that  in  the  other  cases  (ordinarily  designated  with  +). 

In  a  special  series  of  experiments,  the  capacity  of  the  cells 
was  determined  as  6.2  and  7.0  cu.  mm.,  after  the  cover  glass 
had  been  slipped  in  place.  Approximately  8  cu.  mm.  of  the 
unknown  liquid  were  needed,  since  a  small  amount  was  dis¬ 
placed  by  the  cover  glass.  The  recovery  after  the  determina¬ 
tion  was  about  5  cu.  mm.  Liquids  of  varying  viscosities, 
vapor  pressures,  surface  tensions,  etc.,  were  examined.  The 
recovered  samples  were  used  later  for  specific  gravity  deter¬ 
minations  by  the  milligram  procedure  of  Alber  {!),  micro 
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boiling  point  determinations,  quantitative  elementary  analysis, 
or  the  preparation  of  derivatives  for  further  identification 
(3).  No  changes  in  the  cement  were  noticed  after  these 
investigations,  as  established  by  photographic  recording, 
but  care  should  be  taken  that  liquids  with  a  marked  solvent 
action  do  not  remain  in  contact  longer  than  absolutely  neces¬ 
sary  for  the  determination. 

Useful  application  of  the  microrefractometer  may  be  made 
in  the  determination  of  refractive  indices  of  solid  compounds. 
After  carrying  out  the  Becke-line  test  with  consideration  of 
the  details  stressed  by  Saylor  {18),  frequently  only  10  to  20 
cu.  mm.  of  immersion  liquid  remained,  which  were  best  meas¬ 
ured  in  the  microrefractometer.  Satisfactory  results  are 
assured,  since  the  accuracies  of  both  methods  (±0.001)  are 
equivalent. 


Literature  Cited 


(1) 

(2) 

(3) 

(4) 

(5) 


Alber,  H.  K.,  J.  Franklin  Inst.,  226,  813  (1938). 

Alber,  H.  K.,  Mikrochemie,  18,  92  (1935). 

Ibid.,  25,  167  (1938). 

Alber,  H.  K.,  Z.  anal.  Chem.,  90,  87  (1932). 

Alber,  H.  K.,  and  von  Renzenberg,  M.,  Ibid.,  86,  114  (1931). 


(6)  Benedetti-Pichler,  A.  A.,  and  Spikes,  W.  F.,  “Introduction  to  the 

Microtechnique  of  Inorganic  Qualitative  Analysis”,  p.  41, 
Douglaston,  N.  Y.,  Microchemical  Service,  1935. 

(7)  Chamot,  fi.  M.,  and  Mason,  C.  W.,  “Handbook  of  Chemical 

Microscopy”,  2nd  ed.,  Vol.  I,  p.  358,  New  York,  John  Wiley 


&  Sons,  1938. 

(8)  Edwards,  A.  E.,  and  Otto,  C.  E.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

10,  225  (1938). 

(9)  Emich,  F.,  Monatsh.,  50,  269  (1928);  53/54,  312  (1929). 

(10)  Jelley,  E.  E.,  J.  Roy.  Microscop.  Soc.,  54,  234  (1934);  Abridged 

Sci.  Pub.  Kodak  Research  Lab.,  No.  537H,  17,  18  (1935). 

(11)  Kirk,  P.  L.,  and  Gibson,  C.  S.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  11, 

403  (1939). 

(12)  Kofler,  L.(  Mikrochemie,  15,  242  (1934). 

(13)  Kofler,  L.,  Ibid.,  22,  241  (1937). 

(14)  Kofler,  L.,  and  Ruess,  H.,  Chem.  Erde,  11,  590  (1938). 

(15)  Mayrhofer,  A.,  and  co-workers,  Pharm.  Presse,  Wiss.-prakt. 

Heft,  37,  130  (1932);  Scientia  Pharm.,  5,  105  (1934);  Pharm. 
Monatsh.,  17,  41  (1936). 

(16)  Nichols,  L.,  Natl.  Paint  Bull.,  1,  12-13  (February),  14  (March, 

1937);  editorial,  Ibid.,  1,  5  (1937). 

(17)  Pregl,  F.,  Fermentforschung,  2,  63  (1917). 

(18)  Saylor,  Ch.  P.,  J.  Research  Natl.  Bur.  Standards,  15,  277  (1935). 

(19)  Schally,  E.,  Monatsh,  58,  399  (1931). 

1201  Wrieht.  F.  E.,  J.  Wash.  Acad.  Sci.,  4,  269  (1914). 


Presented  before  the  Division  of  Microchemistry  at  the  99th  Meeting  of 
the  American  Chemical  Society,  Cincinnati,  Ohio. 


Improvement  of  Formald oxime  Colorimetric 

Method  for  Manganese 

C.  P.  SIDERIS 

Pineapple  Producers  Cooperative  Association,  Honolulu,  Hawaii 


THE  author’s  formaldoxime  colorimetric  method  for 
manganese  (1)  was  found  inadequate  by  Wiese  and  John¬ 
son  {2)  and  in  more  recent  studies  also  by  the  author  in  bio¬ 
logical  materials  high  in  phosphates.  However,  the  interfer¬ 
ence  of  phosphates  can  be  eliminated  by  precipitation  with 
Pb++  in  acetic  acid  solutions  and  the  original  method  may  be 
employed  with  very  satisfactory  results. 

Method  of  Procedure 

An  aliquot  of  5  ml.  of  the  acidified  (hydrochloric  acid)  solu- 
tion  of  the  ashed  biological  materials  is  titrated  with  N  sodium 
hydroxide  using  methyl  red  as  indicator  (and  the  volume  oi 
sodium  hydroxide  required  is  recorded).  This  aliquot  ls  dis¬ 
carded,  because  the  indicator  (methyl  red)  will  interfere  with  the 
accuracy  of  the  results  of  the  colorimetric  determination  A 
new  aliquot,  preferably  10  ml.,  is  placed  in  a  graduated  50-mi. 
centrifuge  tube  or  other  container  and  a  calculated  volume  oi 
N  sodium  hydroxide  is  added,  based  on  the  titration  value  ob¬ 
tained  with  methyl  red.  The  sample  is  then  acidified  with  2  ml. 
of  a  20  per  cent  solution  of  acetic  acid. 

The  neutralization  of  hydrochloric  acid  with  sodium  hydroxide 
favors  the  formation  of  ferric  and  manganic  phosphate  pre¬ 
cipitates.  However,  the  addition  of  acetic  acid  to  the  mixture 
dissolves  the  manganic  phosphate  precipitate  but  not  that  oi 
ferric  phosphate.  Excess  phosphate,  with  plant  tissues  ot  a  high 
phosphorus  content,  is  removed  by  the  addition  of  0.5  ml.  ot  a 
5  per  cent  solution  of  lead  acetate.  The  mixture  is  agitated, 
allowed  to  stand  for  10  minutes,  and  then  treated,  to  remove 
excess  lead,  with  1  ml.  of  a  20  per  cent  solution  of  sodium  suit  ate. 
After  30  minutes  the  mixture  is  either  centrifuged  or  filtered. 
A  10-ml.  aliquot  of  the  centrifugate  or  filtrate  is  neutralized 
with  40  per  cent  sodium  hydroxide,  3  to  4  drops  of  the  formal¬ 
doxime  reagent  are  added,  and  then  more  of  the  40  per  cent 
sodium  hydroxide  solution  until  the  pigment  develops  (1).  lhe 
addition  of  sodium  cyanide  as  stated  in  the  original  publication 
( i )  is  not  necessary.  Ferric  chloride  need  not  be  added  to  the 
standard  if  the  removal  of  iron  from  the  unknown  was  com¬ 
plete.  The  final  volume  of  the  unknown  and  of  the  standard 
is  made  to  either  15  or  20  ml.  in  a  graduated  test  tube  or  in  a 
volumetric  flask. 


Reagents 

A  5  per  cent  solution  of  lead  acetate,  Pb(CH3COO)2 . 3H20,  and 
a  20  per  cent  solution  of  sodium  sulfate,  Na2S04 . 10H>O. 


Table  I. 

Manganese  Recovered 

FROM 

Solutions 

Con- 

TAINING 

Known  Amounts  of  Manganese  and  Phosphate 

Mn 

Present 

PO, 

Treatment— 

Pb 

sol 

Mn 

Found 

Differ- 

Recovery  ence 

Mg. 

Mg. 

Ml. 

Ml. 

Mg. 

% 

% 

0  01 

0.100 

0.5 

1.0 

0.0096 

96.0 

-4 

0  01 

0.100 

0.5 

1.0 

0 . 0098 

98.0 

—  2 

0  01 

0.050 

0.5 

1.0 

0.0100 

100.0 

0 

0  01 

0.050 

0.5 

1.0 

0.0098 

98.0 

—  2 

0  01 

0.025 

0.5 

1.0 

0.0100 

100.0 

0 

0  01 

0.025 

0.5 

1.0 

0.0096 

96.0 

—  4 

0  01 

0.010 

0.5 

1.0 

0 . 0096 

96.0 

—  4 

0  01 

0.010 

0.5 

1.0 

0.0100 

100.0 

0 

0  005 

0.050 

0.5 

1.0 

0 . 0050 

100.0 

0 

0  005 

0.050 

0.5 

1.0 

0.0048 

96.0 

—  4 

n  oi 

0 

0.5 

1.0 

0.0100 

100.0 

0 

0  01 

0 

0.5 

1.0 

0.0096 

96.0 

—  4 

0  01 

0 

0.5 

1.0 

0.0096 

96.0 

—  4 

O  01 

0 

0 

0 

0.0100 

100.0 

0 

O  OI 

0 

0 

0 

0.0100 

100.0 

0 

0  005 

0 

0 

0 

0.0050 

100.0 

0 

0.005 

0 

0 

0 

0 . 0050 

100.0 

0 

The  precision  of  the  method  may  be  evaluated  from  the 
data  reported  in  Table  I,  which  show  that  the  method  can  be 
used  very  successfully  with  biological  materials  containing 
interfering  amounts  of  P04“  and  Fe+++  after  both  sub¬ 
stances  have  been  removed  according  to  the  above  procedure. 
In  a  10-ml.  volume  of  sample  containing  from  0.005  to  0.01 
mg.  of  manganese  in  the  presence  of  0.010  to  0.100  mg.  of 
phosphate  the  average  error  was  2  per  cent. 
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Microtitration  of  Selenium 

As  Applied  to  Abnormal  Amounts  of  Selenium  in  Urine 


GRANT  WERNIMONT  AND  F.  J.  HOPKINSON,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


THE  volumetric  determination  of  very  small  amounts 
of  selenium  has  been  successfully  carried  out  by  Mathews, 
Curl,  and  Osborn  (5),  who  used  an  iodine-thiosulfate  method 
and  determined  the  end  point  electrometrically.  Later,  Curl 
and  Osborn  (S)  used  starch  to  determine  the  end  point  with 
somewhat  less  precise  results.  The  method  reported  here  is 
simpler  than  either  of  these  methods,  and  gives  results  of 
about  the  same  precision  as  the  electrometric  method. 

Method 

The  organic  matter  in  a  100-ml.  sample  of  urine  was  destroyed 
with  concentrated  sulfuric  acid  in  the  presence  of  mercury.  The 
selenium  was  separated  from  the  digestion  mixture  by  distillation 
in  the  presence  of  hydrobromic  acid  and  then  precipitated  (using 
sulfur  dioxide  and  hydroxylamine  hydrochloride),  filtered, 
washed,  and  redissolved  in  a  solution  of  hydrobromic  acid  and 
bromine.  The  bromine  was  destroyed  and  an  excess  of  stand¬ 
ard  sodium  thiosulfate  was  added  along  with  a  little  potas¬ 
sium  iodide.  The  unused  sodium  thiosulfate  was  titrated  with 
standard  potassium  iodate  using  the  dead-stop  method  (2,  6,  7) 
for  determining  the  end  point. 

Reagents 

Sodium  Thiosulfate.  A  standard  0.1  TV  solution  was  made 
by  dissolving  25.0  grams  of  the  c.  p.  crystals  in  freshly  boiled  and 
cooled  distilled  water  to  make  1  liter  of  solution.  This  solution 
was  standardized  against  c.  p.  potassium  dichromate  after  it  had 
stood  for  24  hours.  It  was  stored  in  a  glass-stoppered  bottle  in  a 
cool  place  and  remained  standard  for  several  weeks  without  the 
addition  of  any  preservative. 

Standard  0.001  TV  sodium  thiosulfate  was  made  up  daily  by 
diluting  exactly  10  ml.  of  0.1  TV  solution  to  1  liter  with  freshly 
boiled  and  cooled  distilled  water.  It  was  found  that  this  solution 
would  remain  standard  for  at  least  36  hours.  One  milliliter  of 
0.001  TV  sodium  thiosulfate  equals  19.74  micrograms  of  selenium. 

Potassium  Iodate.  Potassium  biniodate,  c.  p.,  was  recrystal¬ 
lized  twice  from  water  and  the  crystals  were  dried  in  an  electric 
oven  at  105  °  C.  A  standard  0. 1  TV  solution  was  made  by  dissolving 
3.250  grams  of  the  dry  crystals  in  water  to  make  1  liter  of  solu¬ 
tion.  Standard  0.001  TV  solution  was  made  by  diluting  exactly 
10  ml.  of  0.1  TV  solution  to  1  liter.  The  dilute  solution  was  stand¬ 
ardized  daily  against  freshly  prepared  0.001  TV  sodium  thiosulfate 
using  the  dead-stop  method  and  the  same  amounts  of  all  reagents 
as  were  used  in  titrating  the  selenium.  The  ratio  of  this  solution 
to  various  0.001  TV  sodium  thiosulfate  solutions  made  by  diluting 
0.1  TV  sodium  thiosulfate  remained  constant  for  many  days, 
showing  that  dilute  solutions  of  potassium  iodate  do  not  deterio¬ 
rate. 

Potassium  iodide  (free  from  iodate),  5  per  cent  solution  pre¬ 
pared  fresh  daily 

Sodium  sulfite,  5  per  cent  solution 
Phenol,  U.  S.  P.,  5  per  cent  by  volume  in  water 
Hydrobromic  acid-bromine  solution,  30  per  cent  hydrobromic 
acid  containing  1  per  cent  of  liquid  bromine  by  volume 

Hydrobromic  acid-bromine  solution,  48  per  cent  hydrobromic 
acid  containing  1  per  cent  of  liquid  bromine  by  volume 
Sulfur  dioxide,  liquid,  in  a  steel  tube 
Hydroxylamine  hydrochloride,  Eastman  reagent  No.  340 
Standard  Solution  of  Selenium.  Selenium  dioxide  was  pre¬ 
pared  from  c.  p.  selenium  by  dissolving  the  metal  in  concentrated 
nitric  acid,  evaporating  the  solution  to  dryness,  and  twice  sub¬ 
liming  the  solid  selenium  dioxide.  The  calculated  weight  of  dry 
selenium  dioxide  (0.1405  gram)  was  dissolved  in  water  containing 
5  ml.  of  0.5  TV  sodium  hydroxide  and  the  whole  diluted  to  make 
1  liter  of  solution.  One  milliliter  contained  100.0  micrograms  of 
selenium. 

Dead-Stop  End  Point 

The  apparatus  (Figure  1)  consisted  of  two  platinum  wire 
electrodes  hooked  up  as  shown  in  Figure  2.  The  electrodes 
were  made  by  sealing  small  loops  of  platinum  wire  into  short 


pieces  of  4-mm.  soft-glass  tubing.  It  was  found  that  the 
electrodes  sometimes  developed  microscopic  cracks  around 
the  seal  which  made  them  useless  for  detecting  the  end  point. 
When  the  cracks  were  closed  in  a  flame,  the  electrodes  re¬ 
gained  their  original  sensitivity.  Erratic  behavior  was  ob¬ 
served  when  the  platinum  was  not  completely  immersed  in 
the  solution. 

The  dead-stop  end-point  apparatus  was  used  as  follows: 

The  solution  of  sodium  thiosulfate,  to  be  titrated,  was  made  up 
to  about  25  ml.  in  a  125-ml.  beaker  and  1  ml.  of  potassium  iodide 
solution  was  added.  The  beaker  was  placed  in  the  apparatus 
and,  with  mechanical  stirring,  the  rheostat,  R,  was  adjusted  so 
that  a  small  current  was  flowing  through  the  electrodes  as  was 
indicated  by  the  displacement  of  the  galvanometer  reading  from 
its  rest  point  by  several  scale  divisions.  The  potential  between 
the  electrodes  was  usually  about  100  millivolts.  Standard  0.001  TV 
potassium  iodate  was  added  steadily  until  the  galvanometer  began 
to  show  deflections.  As  the  end  point  was  approached,  the 
galvanometer  showed  a  temporary  deflection  after  each  drop  of 
reagent  was  added.  At  the  end  point,  one  drop  of  reagent 


Figure  1.  Dead-Stop  End-Point  Apparatus 
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Table  I.  Titration  of  Solutions  of  Selenium 
(1  ml.  of  0.000994  N  Na2S203  =  19.62  micrograms  of  selenium) 


KIOj 

KlOa 

n  000994 

0.000966 

0.001008 

Net 

N 

N 

N 

Na2S203 

Se  Found 

Se  Added 

Different 

Ml. 

Ml. 

Ml. 

Ml. 

- Micrograms 

9  00 

1.34 

7.64 

149.9 

150.0 

-0.1 

9  00 

1.50 

7.54 

147.9 

150.0 

-2.1 

8  00 

1.65 

6.33 

124.2 

125.0 

-0.8 

7  00 

2.00 

4.97 

97.5 

100.0 

—  2.5 

7  00 

2.02 

5.04 

98.9 

100.0 

—  1 . 1 

5  00 

l.i4 

3.84 

75.3 

75.0 

+0.3 

5  00 

1. 17 

3.86 

75.7 

75.0 

+0.7 

4  00 

1.43 

2.55 

50.0 

50.0 

0.0 

4  00 

1.50 

2.54 

49.8 

50.0 

-0.2 

3  00 

1.65 

1.33 

26.1 

25.0 

+  1.1 

3  00 

1.75 

1.30 

25.5 

25.0 

+  0.5 

2  00 

1.38 

0.60 

11.8 

10.0 

+  1.8 

2  00 

1.52 

0.52 

10.2 

10.0 

+  0.2 

1.00 

0.61 

0.38 

7.5 

5.0 

+  2.5 

Table  II.  Precipitation  and  Titration  of  Selenium 

(1  ml.  of  0.000994  N  Na2S2C>3  =  19.62  micrograms  of  selenium) 


Na&Oa 

KIOs 

KlOa 

Net 

0.000994 

0.000994 

0.001008 

N 

N 

N 

Na2S203 

Ml. 

Ml. 

Ml. 

Ml. 

9.00 

1.45 

7.55 

9.00 

;  , 

+  38 

7.60 

7.06 

L98 

5.08 

7.00 

1.94 

5.03 

5.00 

i.’i5 

,  . 

3.85 

4.00 

1.43 

2.57 

4.00 

+  47 

2.51 

3.00 

1.65 

,  . 

1.35 

2.00 

1.50 

0.48 

2.00 

1 !  35 

0.65 

Found  Se  Added  Difference 


148.1 

—Micrograms— 

150.0 

-1.9 

149.1 

150.0 

-0.9 

99.7 

100.0 

-0.3 

98.7 

100.0 

-1.3 

75.5 

75.0 

+  0.5 

50.4 

50.0 

+0.4 

49.2 

50.0 

-0.8 

26.5 

25.0 

+  1.5 

9.4 

10.0 

-0.6 

12.8 

10.0 

+  2.8 

caused  a  permanent  galvanometer  deflection  of  3  to  5  scale  di¬ 
visions,  and  further  addition  of  potassium  iodate  sent  the  gal¬ 
vanometer  reading  completely  off  the  scale.  The  end  point  was 
sharp  and  reproducible,  so  that  0.05  ml.  of  excess  0.001  N  potas¬ 
sium  iodate  solution  could  be  detected  in  50  ml.  of  titration  mix¬ 
ture. 

The  dead-stop  apparatus  is  simple  to  assemble  and  con¬ 
venient  to  operate.  Various  authors  have  used  it  successfully 
{9,  10),  although  one  author  ( 1 )  failed  to  get  satisfactory  re¬ 
sults  with  it. 


Experimental  Procedure 

The  first  series  of  experiments  was  made  by  measuring  various 
amounts  of  standard  selenium  solution  from  a  10-ml.  buret  into 
150-ml.  beakers  containing  3  ml.  of  30  per  cent  hydrobromic  acid- 
bromine  solution  and  15  ml.  of  water.  Sodium  sulfite  was  added, 
dropwise,  until  the  color  of  bromine  was  almost  gone.  (If  too 
much  sodium  sulfite  was  accidentally  added,  the  bromine  color 
was  restored  with  a  few  drops  of  hydrobromic  acid-bromine 
solution.)  The  last  trace  of  bromine  was  removed  with  2  to  3 
drops  of  phenol  solution. 

Standard  0.001  N  sodium  thiosulfate  was  then  added  to  the 
solution,  so  that  2  to  3  ml.  were  present  in  excess.  After  the  addi¬ 
tion  of  1  ml.  of  potassium  iodide  solution,  the  excess  sodium  thio¬ 
sulfate  was  immediately  titrated  with  0.001  N  potassium  iodate 
using  the  dead-stop  method  to  determine  the  end  point.  The  re¬ 
sults  of  two  series  of  experiments  are  given  in  Table  I. 

A  second  series  of  analyses  was  made  in  which  various  amounts 
of  standard  selenium  solution  were  measured  from  a  10-ml. 
buret  into  150-ml.  beakers  containing  40  ml.  of  30  per  cent  hy¬ 
drobromic  acid-bromine  solution.  Gaseous  sulfur  dioxide  was 
passed  slowly  through  the  solutions  until  the  bromine  was  just 
destroyed,  avoiding  an  excess.  One-half  gram  of  solid  hydroxyl- 
amine  hydrochloride  was  added  to  each  beaker  and  the  mixtures 
were  warmed  for  10  minutes  on  the  steam  bath.  After  the  mix¬ 
tures  had  cooled  for  2  hours,  the  red  selenium  was  filtered  off 
through  a  No.  1  porous-bottomed  porcelain  crucible  and  washed 
thoroughly  with  distilled  water.  Three  1-ml.  portions  of  hydro¬ 
bromic  acid-bromine  solution  were  poured  through  the  filter, 
which  was  then  washed  with  six  to  eight  2-ml.  portions  of  distilled 
water. 

The  filtrate  and  washings  were  collected  in  the  original  beaker, 
and  treated  first  with  sodium  sulfite  solution  and  then  with  phenol 
solution  to  destroy  the  bromine.  The  analyses  were  completed 
as  described  above.  The  results  of  two  series  of  experiments  are 
found  in  Table  II. 


The  last  series  of  analyses  was  made  using  100-ml.  samples  of 
urine  to  which  various  amounts  of  standard  selenium  solution 
were  added  from  a  10-ml.  buret.  Twenty-five  milliliters  of 
concentrated  sulfuric  acid  were  added  to  each  sample  (in  300-ml. 
Kjeldahl  flasks)  along  with  0.7  gram  of  mercuric  oxide  and  several 
glass  beads.  The  flasks  were  heated  over  a  gas  flame  until  the 
water  was  evaporated  and  the  organic  matter  completely  de¬ 
stroyed  (about  3  hours).  The  clear  solutions  were  transferred  to 
300-ml.  flat-bottomed  flasks  using  60  ml.  of  distilled  water  to 

wash  out  the  Kjeldahl  flasks. 
Twenty-five  milliliters  of  con¬ 
centrated  sulfuric  acid  were 
added  to  each  distilling  flask 
along  with  50  ml.  of  48  per 
cent  hydrobromic  acid- 
bromine  solution,  and  the 
ground  joint  was  moistened 
with  concentrated  sulfuric 
acid.  The  flasks  were  then 
attached  to  small  Liebig  con¬ 
densers  similar  to  those  used 
by  Robinson  et  al.  {11)  and 
the  mixtures  distilled  until  35 
to  40  ml.  of  distillate  col¬ 
lected.  The  distillate  was 
treated  by  the  same  proce¬ 
dure  as  was  used  in  the  second 
series  of  analyses.  The  re¬ 
sults  are  given  in  Table  III. 

Discussion 

It  is  believed  that  this 
method  is  capable  of  giving 
results  as  precise  and  as  ac¬ 
curate  as  any  method  re¬ 
ported  in  the  literature.  As 
little  as  3  micrograms  of 
selenium  can  be  positively 
identified  by  its  character¬ 
istic  red  color  on  the  filter 
pad.  The  precision  is  about 
±  2  micrograms  in  the  range 
2  to  150  micrograms  and 
the  accuracy  is  within  these 
limits.  On  the  basis  of  a 
100-ml.  sample,  the  method 
is  sensitive  to  0.02  part  per 
million,  which  is  sufficient 
for  the  present  purpose.  It 
is  believed  that  increased 
sensitivity  may  be  attained 
by  starting  with  a  large 
sample,  say  1  liter,  rather  than  by  using  more  dilute  reagents. 

The  method  has  been  used  satisfactorily  for  determining 
up  to  2000  micrograms  by  taking  an  aliquot  portion  of  the 
hydrobromic  acid-bromine  distillate  for  the  final  titration. 

Two  alternate  methods  of  making  the  titration  were  tried 
and  abandoned  in  favor  of  the  one  used. 

1.  Potassium  iodide  solution  was  added  to  the  selenite  solu¬ 
tion  after  the  bromine  had  been  destroyed  with  phenol,  and  the 
liberated  iodine  was  titrated  directly  with  standard  sodium  thio- 


B 


Figure  2.  Wiring  Diagram 

B.  1.5-volt  dry  cell 
E.  Platinum  electrode 
G.  Leeds  &  Northrup  galvanom¬ 
eter  of  enclosed  lamp  and 
Beale  type.  Sensitivity,  0.025 
microampere  per  scale  di¬ 
vision 

R.  Potentiometer-type  rheostat 
of  about  1500  ohms'  resistance 


Table  III.  Determination  of 
(1  ml.  of  0.001087  N  Na2S20a 


Selenium  in  Urine 

21.46  micrograms  of  selenium) 


Se  Found 


Net 

Na2S2C>3 

Ml. 


N  a2S203 

KIO3 

0.001087  N 

0.001004 

Ml. 

Ml. 

9.00 

2.14 

8.00 

2.44 

7.00 

2.56 

5.00 

1.67 

4.00 

1.78 

3.00 

1.93 

2.00 

2.16 

7.02 

150.6 

5.75 

123.4 

4.64 

99.6 

3.46 

74.3 

2.36 

50.6 

1.22 

26.2 

0.01 

0.2 

Se  Added 

Difference 

Micrtgrams- 

150.0 

+0.6 

125.0 

-1.6 

100.0 

-0.4 

75.0 

-0.7 

50.0 

+0.6 

25.0 

+  1.2 

0.0 

+0.2 
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sulfate  solution.  The  dead-stop  end  point  was  not  so  sharp  nor 
so  reproducible  when  iodine  was  titrated  with  sodium  thiosulfate 
as  when  sodium  thiosulfate  was  titrated  with  potassium  iodate 
in  the  presence  of  potassium  iodide. 

2.  Potassium  iodide  solution  was  added  to  the  selenite  solu¬ 
tion  as  above  and  the  iodine  was  reduced  with  standard  sodium 
thiosulfate  solution.  The  excess  sodium  thiosulfate  was  then 
titrated  with  potassium  iodate  solution. 

In  these  titrations,  red  selenium  was  precipitated  and  the 
results  were  not  so  precise  as  when  selenium  was  not  present. 

However,  it  will  sometimes  be  necessary  to  finish  a  titration 
by  method  2.  If  sufficient  sodium  thiosulfate  is  not  added  to 
react  with  all  the  selenite  in  an  unknown,  iodine  and  selenium 
will  be  formed  wffien  potassium  iodide  solution  is  added  just 
before  the  final  titration.  In  such  a  case  it  is  necessary  to 
continue  the  addition  of  standard  sodium  thiosulfate  until  no 
iodine  remains  and  then  finish  the  titration  in  the  presence  of 
a  small  amount  of  selenium.  No  corrections  are  necessary 
because  one  mole  of  selenite  reacts  wdth  4  equivalents  of 
sodium  thiosulfate  in  one  case  and  liberates  4  equivalents  of 
iodine  in  the  other. 

The  recommended  procedure  gave  satisfactory  results  when 
selenium  was  precipitated  from  all  solutions  of  hydrobromic 
acid  'which  contained  between  20  and  35  per  cent  of  hydro¬ 
bromic  acid  by  weight.  (Dudley,  4,  recommends  25  to  30 
per  cent  of  hydrobromic  acid.)  The  complete  precipitation 
of  selenium  required  two  hours.  It  was  found  that  filtration 
may  be  delayed  as  long  as  24  hours,  with  100  per  cent  re¬ 
covery  of  the  selenium  added. 

The  results  given  in  Table  III  show  that  there  is  no  loss 
of  selenium  during  the  Kjeldahl  digestion  in  the  presence  of 
mercury.  Sreenivasan  and  Sadasivan  {12)  have  shown  that 
selenium  is  oxidized  to  selenic  acid  by  hot  concentrated  sul¬ 
furic  acid  in  the  presence  of  mercury.  In  this  form  it  is  ap¬ 
parently  not  volatile. 

Destruction  of  the  organic  matter  in  urine  with  ammonium 
persulfate  according  to  the  method  of  Duret  ( 5 )  was  also  tried. 


Selenium  was  oxidized  to  selenic  acid  during  this  digestion 
and  100  per  cent  of  the  selenium  was  recovered  in  every  case. 
The  method  was  abandoned,  however,  after  several  rather 
violent  explosions.  The  explosions  seemed  to  be  spontaneous 
and  in  the  gaseous  phase  throughout  the  reflux  condenser.  No 
glassware  was  ever  shattered. 

No  mention  has  been  found  in  the  literature  of  the  danger 
of  explosions  while  using  the  persulfate  in  the  wet  way  to  de¬ 
stroy  organic  matter.  It  is  quite  possible  that  in  this  case 
volatile,  unstable  organic  peroxy  compounds  were  formed. 

Summary 

A  new  method  for  titrating  very  small  amounts  of  selenium 
has  been  shown  to  give  good  results  when  applied  to  solutions 
containing  known  amounts  of  selenium,  and  when  used  to 
determine  small  amounts  of  selenium  in  urine. 
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Determination  of  Minute  Amounts 

of  Potassium 

Iodometric  Evaluation  of  the  Cobaltinitrite  Precipitate,  Using  Ceric  Sulfate 
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SMALL  amounts  of  potassium  are  usually  determined 
titrimetrically  by  precipitation  with  sodium  cobaltinitrite, 
followed  by  solution  of  the  washed  precipitate  in  a  known 
excess  of  an  oxidizing  reagent.  Potassium  permanganate  was 
originally  used  and  continues  to  be  used  as  the  oxidant  for 
dissolving  the  precipitate,  its  excess  being  determined  by 
titration  with  standard  sodium  oxalate.  More  recently  (3) 
the  excess  permanganate  has  been  determined  iodometrically, 
a  procedure  capable  of  detecting  very  small  quantities  of 
potassium. 

Harris  and  others  (2,  5)  have  pointed  out  that  the  use  of 
ceric  sulfate  instead  of  potassium  permanganate  is  ad¬ 
vantageous.  When  potassium  permanganate  is  used,  a  pre¬ 
cipitate  of  hydrated  manganese  dioxide  is  often  formed,  which 
necessitates  the  addition  of  an  excess  of  sodium  oxalate  to 
effect  its  solution,  after  which  the  end  point  is  reached  by  an 


additional  titration  with  permanganate.  This  difficulty  is, 
of  course,  not  encountered  when  ceric  sulfate  is  used.  Ceric 
sulfate  solutions  are  more  stable  and  consequently  require 
fewer  standardizations. 

Brown,  Robinson,  and  Browning  (2)  have  lately  published 
a  procedure  using  ceric  sulfate  for  dissolving  the  precipitate 
of  sodium  potassium  cobaltinitrite.  The  excess  ceric  sulfate  is 
titrated  with  ferrous  ammonium  sulfate,  using  o-phenanthro- 
line  ferrous  complex  as  indicator.  Using  this  procedure, 
potassium  in  amounts  ranging  from  0.2  to  1.0  mg.  could  be 
detected  with  an  average  error  of  2  per  cent. 

A  variation  of  the  ceric  sulfate  procedure  applicable  to  very 
small  amounts  of  potassium  has  been  developed  and  used  for 
over  2  years.  An  excess  of  potassium  iodide  is  added  to  the 
excess  ceric  sulfate  and  the  iodine  liberated  is  titrated  with 
standard  sodium  thiosulfate  using  starch  as  indicator.  Be- 
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cause  of  the  sharpness  of  the  end  point,  very  dilute  solutions 
of  sodium  thiosulfate  can  be  used  for  the  back-titration  and 
potassium  in  amounts  as  small  as  0.02  mg.  can  be  determined 
accurately.  This  method  has  all  the  advantages  of  others 
where  ceric  sulfate  is  employed,  in  addition  to  the  sensitivity 
of  iodometric  titrations. 


Reagents 


Sodium  Cobaltinitrite  Reagent,  prepared  according  to 
Kramer  and  Tisdall  ( 6 ).  Solution  A.  Cobalt  nitrate  crystals 
(25  grams)  are  dissolved  in  50  cc.  of  water  and  to  this  solution  are 

added  12.5  cc.  of  glacial  acetic  acid. 

Solution  B.  Sodium  nitrite  (potassium-free,  120  grams)  is  dis¬ 
solved  in  180  cc.  of  water,  giving  a  total  volume  of  about  220  cc. 
To  all  of  Solution  A  are  added  210  cc.  of  Solution  B.  An  evolu¬ 
tion  of  nitric  oxide  gas  occurs  at  once.  Air  is  drawn  through  the 
solution  until  all  the  gas  has  passed  off.  The  reagent  is  placed 
in  an  ice  chest  and  filtered  each  time  before  using.  It  will  keep 
at  least  a  month,  usually  2  or  3  months.  . 

Ceric  Sulfate.  About  4.5  grams  of  anhydrous  ceric  sulfate 
are  dissolved  in  500  ml.  of  distilled  water  to  which  100  ml.  of 
concentrated  sulfuric  acid  have  been  added.  The  solution  is 
diluted  to  1000  ml.  This  solution,  which  is  approximately  0.01 
N,  should  be  standardized  before  use  with  standardized  sodium 

thiosulfate.  „  .  ,  , ,  .  , 

Sodium  Thiosulfate,  0.002  N,  prepared  by  the  dilution  of  a 
0  1  N  solution.  The  latter  is  prepared  by  dissolving  25  grams  ol 
hydrated  sodium  thiosulfate  in  1  liter  of  freshly  boiled  and  cooled 
water,  and  adding  0. 1  gram  of  anhydrous  sodium  carbonate.  1  his 
solution  is  diluted  500  times  to  prepare  the  0.002  N  solution, 
which  should  be  standardized  before  use  with  0.01  N  potassium 


Potassium  Iodide  Solution.  An  approximately  1  per  cent 
solution  is  prepared  and  kept  in  a  small  glass-stoppered  dropping 
bottle.  It  is  discarded  when  the  addition  of  starch  solution 
shows  it  to  contain  free  iodine. 

Starch  Solution,  0.2  per  cent.  Two  grams  of  starch  are  dis¬ 
solved  in  1  liter  of  boiling  water  and  about  10  mg.  of  mercuric 
iodide  are  added.  When  cool  the  solution  is  kept  in  a  glass-stop¬ 
pered  bottle  in  a  refrigerator. 


Procedure 

A  0.5-ml.  aliquot  of  the  potassium  solution  is  placed  in  a  15-ml. 
centrifuge  tube  previously  cleaned  with  cleaning  mixture,  0.5 
ml.  of  precipitating  reagent  is  added  drop  wise  and  with  shaking, 
and  the  contents  of  the  tube  are  thoroughly  mixed  and  allowed 
to  stand  for  1  hour  at  a  temperature  of  from  20°  to  25°  C.  The 
precipitate  is  firmly  packed  in  the  bottom  of  the  tube  by  centrifug¬ 
ing  for  about  10  minutes  at  about  2000  r.  p.  m.  The  supernatant 
liquid  is  removed  by  aspiration  and  the  sides  of  the  tubes  are 
washed  with  5  ml.  of  distilled  water,  care  being  exercised  not  to 
disturb  the  precipitate.  The  tube  is  recentrifuged  at  the  same 
speed  for  about  2  minutes  and  the  supernatant  liquid  again 
aspirated.  This  procedure  is  repeated  twice  more  (making  4 
centrifugations  in  all). 

One  milliliter  of  the  ceric  sulfate  reagent  is  added  (more  than 
this  for  amounts  of  potassium  greater  than  0.06  mg.)  and  the  tube 
is  heated  in  a  water  bath  for  2  or  3  minutes,  until  the  precipitate 
dissolves.  The  solution  is  cooled  to  room  temperature,  1  drop 
of  the  potassium  iodide  reagent  is  added,  and  it  is  titrated  with 
standardized  sodium  thiosulfate,  a  few  drops  of  starch  solution 
being  added  near  the  end  point.  The  end  point  is  very  sharp 
and  easily  visible  in  daylight.  At  the  same  time  1  ml.  of  the  ceric 
sulfate  solution  is  titrated  with  the  standardized  sodium  thio¬ 
sulfate. 


Calculation 


Mg.  of  K  =  6.95  NY 
N  =  normality  of  Na2S203 

Y  =  difference  in  ml.  of  Na^SjCh  required  to  titrate  equal 
amounts  of  Ce(SOj)2  before  and  after  addition  of  the 
sodium  potassium  cobaltinitrite  precipitate 


amounts  ranging  from  0.030  to  0.02  mg.,  the  average  error  is 
-3.5  per  cent;  with  even  smaller  amounts  the  error  increases, 
being  -10  per  cent  between  0.020  and  0.010  mg.  and  -20  per 
cent  for  smaller  amounts.  This  increase  in  error  may  be  due 
to  incompleteness  of  precipitation  or,  more  likely,  to  the 
solubility  of  the  precipitate  in  the  wash  water.  The  use  of 
organic  solvents  alone  and  mixed  with  water  as  wash  reagents 
did  not  improve  the  results. 


Table  I.  Recovery  of  Potassium  from  Solutions 
of  Potassium  Chloride 


Potassium  Present 

Potassium  Recovered 

Mg. 

Mg. 

% 

0.1200 

0.1190 

99 

0.1200 

0.1188 

99 

0.1100 

0.1122 

102 

0.1100 

0.1108 

101 

0.1000 

0.0997 

100 

0.1000 

0.1007 

101 

0 . 0900 

0.0908 

101 

0.0900 

0.0908 

101 

0.0800 

0.0806 

101 

0.0800 

0.0797 

100 

0.0700 

0.0709 

101 

0 . 0700 

0.0698 

100 

0 . 0600 

0.0595 

99 

0.0600 

0.0598 

100 

0 . 0500 

0.0499 

100 

0.0500 

0.0505 

101 

0.0400 

0.0413 

103 

0 . 0400 

0.0391 

98 

0.0360 

0.0366 

•  102 

0.0360 

0.0364 

101 

0.0300 

0.0297 

99 

0.0300 

0.0289 

96 

0.0240 

0.0231 

96 

0.0240 

0.0230 

96 

0.0200 

0.0191 

96 

0.0200 

0.0191 

96 

The  factor  6.95  used  in  the  calculation  of  the  potassium  in 
the  precipitate  is  empirical.  It  was  noted  by  Drushel  (4)  and 
others  and  proved  by  Brown,  Robinson,  and  Browning  (2) 
that  in  the  titration  of  the  nitrite  in  the  precipitate,  the  cobalt 
is  reduced,  accounting  for  one  equivalent  of  the  nitrites,  the 
other  eleven  being  accounted  for  by  the  oxidizing  reagent, 
ceric  sulfate  in  this  case.  If  the  precipitate  has  the  com¬ 
position  K2NaC0(N02)6  as  determined  by  Adie  and  Wood  ( 1 ), 
the  stoichiometric  factor  is  7.10  when  the  action  of  the  cobalt 
is  considered.  This  theoretical  factor,  however,  is  very  rarely 
obtained,  owing  to  the  variable  composition  of  the  precipitate. 
Temperature  of  precipitation,  manner  of  precipitation  he., 
rate  of  addition  of  precipitating  reagent,  volume  in  which 
precipitation  occurs,  and  length  of  time  for  precipitation 
ratio  of  sodium  to  potassium  in  the  solution  analyzed,  and  the 
analyst’s  technique  are  all  important  in  the  determination  of 
the  proper  factor  to  be  used.  It  is  advisable  for  each  experi¬ 
menter  to  ascertain  his  own  factor  after  a  number  of  re¬ 
coveries  have  been  run.  Once  determined,  the  factor  has  been 
found  to  remain  remarkably  constant. 
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Discussion 

The  results  of  a  number  of  recoveries  of  potassium  from 
solutions  of  potassium  chloride  are  given  in  Table  I.  In 
determinations  involving  more  than  0.06  mg.  of  potassium,  2 
ml.  of  ceric  sulfate  solution  were  used.  A  study  of  the  table 
reveals  that  from  0.036  to  0.120  mg.  of  potassium  can  be  re¬ 
covered  with  an  average  error  of  +0.5  per  cent.  With 


Correction.  In  the  article  on  “Estimation  of  Submicro¬ 
quantities  of  Calcium”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  118 
(1940)1,  first  line  on  page  118  following  the  heading  “Method” 
and  in  the  fifth  line  on  page  119  the  words  “bromophenol  blue” 
should  have  been  used  instead  of  “bromothymol  blue”. 

Albert  E.  Sobel 
1.  Allen  Kaye 


New  Research  Laboratory  of  Standard  Oil 

Company  of  California 

R.  A.  HALLORAN,  Standard  Oil  Company  of  California,  San  Francisco,  Calif. 


IN  DESIGNING  the  research  laboratory  building,  the 
first  requisite  was  the  greatest  possible  working  area  for 
a  given  floor  space.  This  required  relatively  narrow  and  long 
laboratory  rooms,  a  type  of  construction  which  is  difficult  to 
light  and  ventilate.  The  decision  to  depend  entirely  upon 
artificial  light  introduced  the  problem  of  removing  the  heat 
generated  by  the  electric  lights  necessary  to  provide  20  foot- 
candle,  shadowless  illumination.  Since  the  ventilating  air 
would  require  cooling  to  absorb  this  heat  and  provide  an 
even  room  temperature,  it  was  decided  that  washing  the  air 
would  justify  the  additional  expense.  Temperature  regula¬ 
tion  is  facilitated  by  the  use  of  few  windows,  the  resulting 
economy  of  construction  helping  in  part  to  offset  the  expense 
of  the  ventilating  system. 

The  first  floor  includes  a  library  and  reference  room,  two 
low-temperature  rooms,  one  operating  at  32  °  F.  and  the  other 
at  —  20°  F.,  a  glass  blower’s  room,  a  locker  and  shower  room, 
a  chemical  dispensary,  a  maintenance  and  designs  office,  a 
glassware  washroom,  and  twelve  large  laboratory  rooms. 
These  are  constructed  in  pairs  with  an  office  for  the  labora¬ 
tory  supervisor  between  each  two  rooms.  Lead-covered  work 
benches  line  the  two  boundary  partitions  between  each  pair 
of  laboratories  and  occupy  the  central  portion  of  each  room. 
Desks  are  built  into  both  sides  of  the  partition  between  each 
pair  of  laboratories.  All  utility  lines  for  the  benches,  such  as 
gas,  air,  steam,  vacuum,  electricity,  and  water,  are  concealed 


behind  the  wall  benches  or  along  the  middle  section  of  the 
central  benches.  Each  laboratory  contains  a  fume  cabinet, 
provisions  for  sample  storage  and  chemical  supplies,  and 
shelves  for  incoming  or  outgoing  samples.  The  walls  are 
equipped  with  fittings  that  permit  setting  up  a  wide  variety 
of  small  or  large  apparatus  without  marring  the  wall  or  mak¬ 
ing  it  less  serviceable  for  future  installations  and  without 
building  special  bases  or  stands. 

The  second  floor  contains  thirty  private  and  general 
offices  arranged  around  the  outer  walls.  Typewriter  noise 
is  reduced  in  the  general  stenographic  office  by  a  sound¬ 
proofed  ceiling.  The  central  portion  of  this  floor  is  occupied 
by  a  sound-proofed  conference  room,  two  electrical  and 
physical  laboratories,  a  photographic  laboratory,  a  spectro- 
chemical  laboratory,  and  the  air-conditioning  and  ventilating 
system. 

The  ventilating  system  draws  air  from  outside  the  building 
through  a  water-spray  washer  situated  on  the  roof.  Washed, 
tempered  air  is  circulated  by  three  blowers  delivering  ap¬ 
proximately  16,000  cubic  feet  per  minute  to  the  second  story 
and  29,000  cubic  feet  per  minute  to  the  laboratories  and  other 
first-floor  rooms.  Air  exhausted  from  the  laboratories  is  not 
recirculated.  Each  laboratory  is  provided  with  independent 
control,  so  that  room  temperatures  may  be  regulated  in  ac¬ 
cordance  with  the  varying  amount  of  heat  generated  by  gas 
burners  and  other  heat  sources. 
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Pasting  and  Identification  of  Starches 

WILLARD  L.  MORGAN,  Arnold,  Hoffman  &  Co.,  Providence,  R.  I. 


When  starches  are  heated  with  water, 
the  cloudy  suspensions  gradually  become 
translucent  as  pasting  occurs.  A  photo¬ 
electric  method  is  used  to  follow  this 
change  at  various  temperatures,  and  char¬ 
acteristic  curves  for  each  type  of  starch  are 
secured.  Besides  indicating  the  nature  of 
the  starch,  the  curves  show  progress  and 
completion  of  pasting.  Modified  starches 
show  progressive  alterations  in  the  curves. 

By  simple  mathematical  relations  the 
curves  may  be  applied  to  analysis  of  mix¬ 
tures  of  starches. 

STARCH,  aside  from  its  chemical  conversion  to  sugars,  is 
primarily  used  because  of  its  thickening  value.  Thus, 
in  the  pasted  or  cooked  condition  it  is  used  in  such  foods  as 
mayonnaise,  pie  fillings,  soups,  and  candies,  as  adhesives,  as 
paper  and  laundry  sizes,  as  yarn  sizes  and  cloth  finishes,  and 
as  the  carrier  in  textile  printing  pastes.  For  all  these  uses 
troubles  are  avoided  and  maximum  thickening  value  is  se¬ 
cured  only  by  complete  pasting. 

The  starches  used  in  these  applications  are  frequently  mix¬ 
tures  of  several  raw  or  modified  starches,  such  compounding 
resulting  from  the  desirable  close1  adjustment  of  the  proper¬ 
ties  of  the  starch  pastes  to  the  requirements  of  the  work  to 
be  done.  Determining  the  types  and  amounts  of  starches 
present  in  such  starch  mixtures  is  consequently  difficult. 
Microscopic  examination  of  the  size  and  shape  of  the  grain, 
preferably  slightly  stained  with  iodine,  has  been  the  usual 
first  step  in  such  analyses.  The  microphotographs  of  Sjos- 
trom  (4)  and  Lane  and  Eynon  ( 3 )  are  very  helpful,  but  dif¬ 
ferentiation  is  at  best  difficult  and  requires  considerable  ex¬ 
perience  and  care,  as  can  be  seen  by  studying  Figure  1  which 
shows  a  mixture  of  equal  parts  of  corn  and  tapioca  starches. 

Having  determined  the  kinds  of  starches  present,  viscosity 
measurements  on  the  cooked  pastes  will  give  an  idea  as  to 
whether  the  starches  used  were  raw  or  modified  by  dextriniz- 
ing  or  other  treatment.  Deciding  on  the  extent  of  modifica¬ 
tion  has  generally  been  difficult  and  uncertain. 

Pasting  of  Raw  Starches 

When  starches  are  heated  in  water,  the  suspensions  gradu¬ 
ally  become  translucent  as  pasting  occurs.  In  1937  Cook  and 
Axtmayer  (2)  used  a  photoelectric  cell  to  measure  the  changes 


occurring  with  some  tropical  starches.  The  author  has  found 
this  method  highly  useful  in  studying  the  cooking  characteris¬ 
tics  of  starches  and  as  an  analytical  tool.  By  means  of  ap¬ 
paratus  which  gradually  raises  the  temperature  at  the  rate  of 
2.5°  C.  per  minute,  the  change  in  transparency  is  followed 
with  a  photoelectric  cell  and  microammeter,  as  shown  in 
Figure  2. 

The  meter  circuit  is  shunted  by  a  resistance  sufficient  to  make 
the  readings  over  the  50-microammeter  scale  a  linear  function  of 
the  foot-candles  of  illumination.  The  light  source  is  a  100-watt 
projection  bulb,  used  with  a  collimating  lens,  so  that  an  approxi¬ 
mately  parallel  beam  of  light  passes  through  the  screen  and  past¬ 
ing  tube  and  onto  the  photocell.  The  current  for  the  light  source 
is  brought  in  through  a  constant  voltage  regulator  in  order  to 
secure  a  constant  light  intensity.  The  illumination  is  initially 
adjusted,  just  before  a  determination  by  use  of  slide-wire  resistor, 
to  a  standard  value  of  250  microamperes  or  500  foot-candles. 
A  filter  just  in  front  of  the  cell,  capable  of  cutting  the  light  down 
to  10  per  cent,  is  used  at  this  time  and  the  test  tube  is  filled  with 
water. 


Figure  1.  Mixed  Corn  and  Tapioca 
Starches 


The  test  requires  only  0.33  gram  of  sample,  the  starch  being 
rubbed  up  quickly  in  65  cc.  of  water  and  poured  into  the  large 
test  tube.  The  small  stirrer  is  then  turned  on  and  the  heating 
of  the  glycerol  bath  started.  At  the  rate  of  heating  given,  a  test 
is  generally  completed  in  about  0.5  hour. 

As  can  be  seen  in  Figure  3,  plotting  the  values  of  the  tem¬ 
perature  of  the  paste  against  the  transparency  gives  curves 
which  are  characteristically  different  for  the  various  raw 
starches. 

Positive  identification  of  single  raw  starches  becomes  easy 
and  certain,  inasmuch  as  the  initial  pasting  temperatures  and 
location  and  nature  of  the  curve  vary  considerably  with  the 
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Figure  2.  Photopasting  Apparatus 


Figure  3.  Pasting  of  Raw  Starches 

Pasting  begins  at:  white  potato,  55° ;  wheat,  56°;  tapioca  A,  61°;  rice, 
63-70°;  corn,  64°;  sweet  potato,  64-67°;  sago,  69.5-70°;  Florida 

arrowroot,  72°  C. 


different  starches.  The  initial  past¬ 
ing  temperatures,  as  shown  by  the 
point  at  which  the  curve  rises,  corre¬ 
spond  to  the  first  appearances  of  past¬ 
ing  as  shown  by  decrease  in  number 
of  granules  showing  polarization  under 
the  microscope.  However,  detection 
of  the  start  of  pasting  directly  under 
the  microscope,  which  has  been  used 
to  some  extent  to  characterize  starches, 
is  subject  to  several  errors  which  lead 
to  discordant  results,  as  shown  by  Als- 
berg  and  Rask  ( 1 ). 

The  initial  suspensions  of  the  larger 
grained  starches  at  the  low  dilution  of 
0.5  per  cent  are  less  opaque  than  the 
smaller  grained  cereal  starches  (Figure 
3).  The  breaking  apart  of  small 
granules  of  sago  and  arrowroot  as 
the  individual  grains  gives  a  prelimi¬ 
nary  increase  in  opacity 'just  prior  to 
the  beginning  of  pasting.  This  is 
characteristic  of  these  and  other  sticky 
types  of  starches.  The  tuber  type  of 
starch  shows  steeper  pasting  curves  than  the  grain  starches — 
that  is,  they  become  pasted  over  a  shorter  temperature 
range.  The  curves  clearly  show  the  greater  transparency 
characteristic  of  tapioca,  potato,  and  other  tuber-starch 
pastes.  The  need  for  high-temperature  cooking  for  com¬ 
plete  pasting  in  making  paper  or  textile  sizes  or  pastes  is 
apparent  in  these  curves.  Too  low  cooking  temperature  in 
the  industrial  pasting  of  starches  is  the  source  of  consider¬ 
able  trouble. 

Microscopically  wheat  starch  in  polarized  fight  shows  two 
types  of  grains,  this  evidently  being  the  explanation  for  the 
two  sections  of  its  pasting  curve.  In  general,  as  samples  of  a 
starch  are  withdrawn  at  various  stages  of  the  pasting  opera¬ 
tion  and  examined  microscopically,  the  smaller  grains  are  the 
last  to  paste.  The 
general  location  of 
the  curves  indi¬ 
cates  such  a  rela¬ 
tion. 

On  Figure  4  the 
difference  in  the 
two  curves  shown 
for  raw  rice 
starches  appears 
to  be  connected 
with  the  grain  size 
distribution. 
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Figure  5.  Opac¬ 
ity  of  Unpasted 
Starches 
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Figure  6.  Pasting  of  Corn  Dextrins  and  Thin-Boiling 

Starches 


Duplicate  tests  on  a  single  starch  generally  give  very  closely 
checking  curves.  Various  samples  of  raw  cornstarch  show 
the  same  pasting  curve.  A  new  type  of  cornstarch  termed 
“waxy  corn”,  isolated  from  a  new  breed  of  corn,  is  shown 
through  the  courtesy  of  one  of  the  large  starch  companies; 
this  starch  pastes  completely  over  a  very  narrow  temperature 
range  below  80°  C.,  making  it  desirable.  Furthermore,  as 
the  curve  indicates,  it  is  like  the  sweet  potato  and  tapioca 
starches  in  paste  characteristics.  The  two  samples  of  sweet 
potato  from  the  Laurel,  Miss.,  plant  were  secured  a  year 
apart.  Raw  tapiocas  are  available  in  several  grades  and,  as 
starch  users  are  aware,  vary  somewhat  in  their  character¬ 
istics.  The  pasting  curves,  while  of  the  same  type,  also  show 
variations. 

Pasting  of  Modified  Starches 

In  considering  the  graphs  here  presented,  particularly 
those  for  modified  starches,  it  is  best  to  keep  in  mind  when 
attempting  to  place  quantitative  values  that  these  curves 
represent  less  and  less  starch  as  the  fight  transmitted  in¬ 
creases. 

Thus  in  Figure  5  the  relationship  of  transparency  to  amount 
of  starch  in  suspensions  of  unpasted  starch  is  shown  to  be  a 
hyperbolic  or  inverse  ratio  function.  For  the  simpler  pasted 
starches  this  type  of  relationship  also  appears  to  be  true. 

In  Figure  6  the  form  of  the  raw  starch  curve  is  still  found 
in  the  acid  thin-boiling  starch  curves,  samples  of  two  manu¬ 
facturers  being  shown.  The  initial  pasting  temperature  and 
the  general  location  of  the  curve  have,  however,  shifted  up¬ 
wards.  Dextrinization  has  a  greater  effect,  the  curves  show¬ 
ing  decided  shifts  to  lower  initial  pasting  temperatures  and 
greater  final  clarities,  and  the  shifts  being  progressive  with 
the  increasing  degree  of  dextrinization  as  shown  by  the  figures 
for  solubles.  The  90  thin-boiling  starch  which  had  also  been 
dextrinized  shows  an  interesting  curve  indicating  both  types 
of  treatments. 

Similar  shifts  in  the  curves  are  found  as  tapioca  is  progres¬ 
sively  dextrinized  to  higher  degrees  (Figure  7).  Modification 


Figure  7.  Pasting  of  Tapioca  Dextrins 


Figure  8.  Pasting  of  Oxidized  Cornstarches 


of  starch  by  oxidative  treatments  likewise  gives  curves  with 
progressive  shifting  locations  (Figure  8).  With  tapioca 
starch,  increasing  degree  of  oxidative  treatment  also  shifts 
the  starch  to  earlier  pasting  and  greater  paste  clarity  (Fig¬ 
ure  9). 

It  is  apparent  in  Figures  6  to  9  that  such  modification  leads 
to  easier  pasting  and  to  completion  of  pasting  at  relatively 
low  temperatures  offering  advantages  for  some  types  of 
commercial  applications.  Thus  only  the  least  modified 
oxidized  cornstarch  needs  to  be  cooked  beyond  80°  C.  As 
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the  body  or  viscosity  of  pastes  of  equal  strength  decreases 
with  the  degree  of  modification,  the  relative  thickening  values 
of  a  series  of  similar  starches  are  broadly  indicated  by  the 
location  of  the  photopasting  curve.  This,  however,  is  true 
only  for  comparisons  of  starches  of  similar  types.  From  such 
curves  the  degree  of  modification  can  be  determined  more 
exactly  than  by  viscosity  methods.  The  method  obviously 
answers  the  question  of  whether  two  starches,  such  as  two 
samples  of  raw  cornstarch,  are  identical. 


Figure  9.  Pasting  of  Oxidized  Tapiocas 


Figure  10.  Analysis  of  Mixed  Starches 


At  80°  C. 

T 

1  /T 

Raw  wheat ) 

Raw  corn  ) 

17.0  ma. 

0.0588 

0 . 0588 

Raw  tapioca 

33.0 

0.0303 

Extreme  difference 

0.0285 

Unknown  sample 

21.5 

0 . 0465 

0.0465 

Lower  difference 

0.0123 

_  ,  .  0.0123 

%  tapioea  =  0285  =  43% 

Duplicate  of  unknown:  20  raw  wheat,  40  raw  corn,  40  raw  tapioca 


Analysis  of  Starch  Mixtures 

The  use  of  the  photopasting  method  of  examination  in  the 
analysis  of  a  complex  starch  mixture  is  shown  in  Figure  10, 
which  also  gives  the  curves  for  raw  corn,  wheat,  and  tapioca 
found  by  microscopic  examination.  Chemical  tests  and 
absence  of  color  indicated  no  modification  of  the  individual 
starches.  Assuming  that  the  curve  for  the  sample  represents 
the  additive  resultant  of  the  three  starches  present  each  acting 
independently,  we  proceed  to  calculate  the  composition  as 
shown  in  the  graph.  As  the  quantities  of  starch  represented 
by  a  given  light  transmission  are  proportional  to  the  reciprocal 
of  the  light  transmission,  these  figures  are  used  in  the  cal¬ 
culations. 

At  80°  C.  the  corn  and  wheat  curves  cross — each  has  the  same 
degree  of  opacity — and  we  can  consider  the  mixture  as  made 
up  of  two  components:  tapioca  starch  and  the  mixed  com  and 
wheat.  Obviously  the  displacement  of  the  sample  curve  away 
from  the  corn- wheat  intersection  at  80°  depends  on  the  amount 
of  tapioca.  Consequently,  the  difference  in  reciprocals  of  these 
points  at  80°  on  the  two  curves  gives  a  means  of  estimating  the 
amount  of  tapioca,  and  its  percentage  is  related  to  the  extreme 
difference  in  reciprocals  of  the  corn-wheat  point  and  the  tapioca 
point  at  80°. 


Figure  11.  Textile  Printing  Paste 


Figure  12.  White  Potato  Dextrins 
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Figure  13.  Rate  of  Solution  of  Prepasted  Cold 
Water-Soluble  Starch 


Thus  the  calculation  yields  43  per  cent  of  tapioca  at  80°  C. 
and  45  per  cent  at  89.5°  C.,  while  at  66°  C.  40  per  cent  of  corn 
is  indicated.  The  comparison  curve  of  a  40  per  cent  corn,  40 
per  cent  tapioca,  and  20  per  cent  wheat  mixture  shows  the 
correctness  of  conclusions  in  the  general  closeness  of  the  two 
curves. 

Such  analysis,  however,  may  be  used  only  where  the  past¬ 
ing,  as  shown  in  Figure  11,  results  in  general  swelling  of  the 
starch  grains.  The  picture  is  of  a  textile  printing  paste 
showing  swollen  pasted  starch,  which  is  used  as  the  thickening 
agent  for  carrying  the  dark  particles  of  dyes. 


Where  the  pasting  involves  fragmentation  of  the  starch 
particle,  as  with  dextrins  which  split  off  ringlike  fragments, 
the  relationship  of  solids  to  light  transmission  is  evidently 
different  from  that  shown  by  unpasted  starch  suspensions. 
Thus  in  Figure  12,  which  shows  the  effects  of  progressive 
dextrinization  of  white  potato  starch,  three  starches  of  20 
per  cent  solubles  are  shown.  The  true  dextrin  of  20  per  cent 
solubles  is  easily  located.  The  starch  made  by  mixing  a  30 
per  cent  solubles  with  raw  starch  shows  the  presence  of  the 
raw  starch  in  its  curve  location.  However,  it  is  apparent  that 
this  curve  could  not  be  used  satisfactorily  to  calculate  the 
composition.  The  third  20  per  cent  solubles  dextrin  was 
evidently  a  mixture  of  at  least  two  dextrins  and  a  small 
amount  of  raw  starch. 

Obviously  gums,  proteins,  oils,  or  other  admixtures  not 
giving  clear  solutions  affect  the  curves  and  show  their  pres¬ 
ence. 

Figure  13  offers  rate  of  solution  curves  for  a  prepasted 
cold  water-soluble  starch  and  for  a  starch  which  was  evidently 
the  same. 
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Simple  Hot  Filtrations  and  Crystallizations 


JOHN  W.  DAWSON  and  WILLIAM  M.  DEHN 
University  of  Washington,  Seattle,  Wash. 


A  GREAT  inconvenience  in  filtering  hot  saturated  solutions 
is  crystallization  in  the  paper  and  in  the  stem  of  the 
funnel.  Hot-water  funnels  are  not  always  available  or  may 
be  fire  hazards. 

The  depicted  forms,  built  from  stock  apparatus,  employ 
truncated  funnels  and  filter  papers  pending  therethrough.  The 
beakers  are  ordinary  or  are  indented  to  support  the  funnels. 
The  funnel  in  the  large  beaker  rests  on  an  inverted  cutoff  wide¬ 
mouthed  bottle.  The  evaporating  dish  may  contain  water  or 
ice.  The  glass  cooling  bulb  is  a  modification  of  Conant’s  ap¬ 
paratus  (I),  carrying  warty  lumps  on  its  bottom  to  distribute  the 
condensed  solvent  over  the  solid  contained  in  the  funnel. 

Some  of  the  solvent  is  placed  in  the  beaker  and  heated  to 
boiling  for  the  time  necessary  to  heat  the  entire  apparatus. 
The  boiling  solution,  contained  in  another  beaker,  is  then  poured 
in  and  heating  is  continued  until  filtering  is  complete  or  until  the 
boiling  solvent  has  supplied  sufficient  vapor  to  dissolve  all  ma¬ 
terial  in  the  filter  paper.  The  large  beaker  is  especially  useful 
when  water  is  the  solvent.  The  bulb  condenser  is  useful  with 
difficultly  soluble  solids,  since  it  is  practically  automatic. 


This  apparatus  has  a  decided  advantage  over  that  of 
Tanner  ( 2 ,  8),  in  that  fresh  solvent  is  continually  in  contact 
with  the  material  being  filtered. 
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Systematic  Detection  of  Thiocyanate,  Iodide, 

Bromide,  and  Chloride 

DAVID  HART  AND  ROBERT  MEYROWITZ 
Brooklyn  College,  Brooklyn,  N.  Y. 


SILVER  ion  (usually  as  silver  nitrate)  is  used  as  a  group 
reagent  in  the  majority  of  methods  (2-7)  that  have  been 
proposed  for  the  systematic  detection  of  thiocyanate,  iodide, 
bromide,  and  chloride. 

Since  these  anions  are  again  brought  into  solution  for 
identification,  the  attempt  was  made  to  develop  a  method 
for  the  systematic  detection  of  thiocyanate,  iodide,  bromide, 
and  chloride,  wherein  a  separate  portion  of  the  aqueous  solu¬ 
tion  of  alkali  salts  is  used  for  the  detection  of  each  anion  with¬ 
out  the  use  of  silver  ion  as  a  group  reagent,  and  provision  is 
made  for  the  interferences  that  might  be  present.  The  work 
described  is  based  on  Curtman’s  systematic  detection  of  acids 

GO- 

In  developing  the  new  procedure,  the  following  standard 
methods  were  selected  for  the  identification  of  the  halides: 
ferric  ion  for  thiocyanate;  hydrogen  peroxide  to  liberate  the 
iodine,  which  is  then  extracted  with  carbon  tetrachloride; 
potassium  permanganate  to  liberate  bromine,  which  is  also 
extracted  with  carbon  tetrachloride;  and  silver  ion  to  detect 
chloride.  Using  these  identification  tests,  the  common  inter¬ 
fering  anions  were  found  to  be  ferricyanide,  ferrocyanide, 
cyanide,  sulfide,  arsenite,  thiosulfate,  sulfite,  oxalate,  and 
tartrate. 

Detection  of  Thiocyanate.  In  the  systematic  detection 
of  the  halides,  the  most  serious  interference  is  caused  by 
thiocyanate.  Therefore,  it  is  desirable  to  determine  whether 
or  not  this  anion  is  present  before  proceeding  with  the  detec¬ 
tion  of  the  halides. 

Large  amounts  of  iodide  interfere  with  the  detection  of 
thiocyanate  by  means  of  ferric  ion.  Preliminary  experi¬ 
ments  showed  that  in  the  absence  of  thiocyanate,  100  mg.  of 
iodide,  which  is  the  maximum  amount  likely  to  be  present, 
would  yield  a  test  indistinguishable  from  a  positive  test  for 
thiocyanate;  but  when  lead  ion  was  used  to  precipitate  the 
iodide  an  insufficient  amount  remained  in  solution  to  give  a 
positive  test,  while  as  much  as  20  mg.  of  thiocyanate  remained 
in  5  ml.  of  solution  unprecipitated  by  the  lead  ion. 

Detection  of  Iodide.  When  3  per  cent  hydrogen  peroxide 
and  carbon  tetrachloride  were  used  to  detect  iodide,  experi¬ 
ments  indicated  that  ferricyanide,  ferrocyanide,  sulfide, 
cyanide,  arsenite,  thiocyanate,  and  thiosulfate  interfered. 
The  following  methods  were  found  to  be  effective  in  removing 
these  interferences: 

Ferricyanide,  ferrocyanide,  sulfide,  and  cyanide  were  pre¬ 
cipitated  by  cobalt  acetate  from  a  solution  made  just  acid  with 
dilute  sulfuric  acid. 

Sulfide  and  cyanide,  in  the  absence  of  ferricyanide  and  fer¬ 
rocyanide,  were  removed  by  boiling  the  solution  after  acidifying 
with  dilute  sulfuric  acid. 

Arsenite,  when  treated  with  hydrogen  sulfide  in  dilute  sulfuric 
acid  solution,  was  converted  to  insoluble  arsenious  sulfide. 

Thiocyanate  was  destroyed  by  boiling  with  concentrated  sul¬ 
furic  acid. 

Thiosulfate  was  decomposed  by  boiling  the  solution  which  had 
been  acidified  with  dilute  sulfuric  acid. 

Test  for  Bromides.  To  avoid  the  use  of  a  large  volume 
of  potassium  permanganate  solution  with  the  possible  forma¬ 
tion  of  manganese  dioxide,  when  testing  for  bromide,  it  was 
necessary  to  remove  as  much  as  possible  of  other  reducing 
acids  that  might  be  present.  To  accomplish  this  without  re¬ 
moving  the  bromide,  mercuric  acetate  was  foimd  to  be  effec¬ 


tive.  The  excess  mercuric  ion  was  subsequently  removed  by 
hydrogen  sulfide.  However,  experiments  indicated  that  after 
the  precipitation  with  mercuric  ion  had  been  completed,  the 
following  anions  were  still  present  in  sufficient  quantities  to 
interfere:  ferricyanide,  tartrate,  thiosulfate,  thiocyanate, 
and  iodide.  These  were  removed  as  follows: 

Ferricyanide  was  precipitated  with  cobalt  acetate. 

Tartrate  was  precipitated  with  lead  acetate. 

Thiosulfate  was  destroyed  by  boiling  the  solution  before  filter¬ 
ing  off  the  mercury-reducing  acid  precipitate. 

Thiocyanate  was  decomposed  by  boiling  with  concentrated 
sulfuric  acid. 

Iodide  was  removed  by  boiling  with  sodium  nitrite  in  a  dilute 
sulfuric  acid  solution. 

The  formation  of  manganese  dioxide  has  been  a  disad¬ 
vantage  in  the  use  of  potassium  permanganate  for  the  detec¬ 
tion  of  bromide.  It  was  found  that  this  could  be  avoided  by 
making  the  solution  strongly  acid  with  sulfuric  acid. 

Test  for  Chlorides.  In  the  detection  of  chloride  with 
silver  ion,  the  interfering  anions  are  ferricyanide,  ferrocyanide, 
sulfide,  thiocyanate,  cyanide,  iodide,  bromide,  and  thiosulfate, 
which  were  removed  in  the  following  manner : 

Ferricyanide,  ferrocyanide,  sulfide,  and  cyanide  were  pre¬ 
cipitated  with  cobalt  acetate. 

Sulfide  and  cyanide  in  the  absence  of  ferricyanide,  ferrocyanide, 
iodide,  bromide,  and  thiosulfate  were  removed  by  boding  the 
solution  which  had  been  previously  acidified  with  dilute  sulfuric 
acid. 

Iodide,  bromide,  thiocyanate,  and  thiosulfate  were  removed  by 
steam-distidation  from  a  solution  containing  30  per  cent  concen¬ 
trated  nitric  acid.  A  smad  amount  of  bromide  remained,  but 
this  was  removed  by  potassium  permanganate  and  carbon  tetra¬ 
chloride.  The  color  of  the  excess  potassium  permanganate  was 
subsequently  destroyed  by  sodium  nitrite.  An  attempt  was  made 
to  remove  the  iodide  and  the  bromide  from  solution  merely  by 
boding  instead  of  steam-distidation.  However,  under  certain 
conditions,  in  the  presence  of  iodide,  chloride  was  lost  (Table  I). 

The  codoidal  sulfur  resulting  from  the  decomposition  of  thiosul¬ 
fate  was  removed  by  shaking  with  black  mercuric  sulfide  and 
filtering  the  mixture. 

Systematic  Detection  of  Thiocyanate 

Treat  3  ml.  of  the  solution  with  3  M  nitric  acid  untd  no  more 
carbon  dioxide  bubbles  are  given  off  (about  3  ml.)  and  add  1  ml. 
in  excess.  Now  add  3  ml.  of  1  M  lead  nitrate,  and  if  ferricyanide 
is  present  add  also  2  ml.  of  1  M  cobalt  nitrate.  Fdter  or  centrifuge. 
To  the  filtrate  add  1  ml.  of  0.3  M  ferric  nitrate.  A  blood-red 
solution  shows  the  presence  of  thiocyanate. 

Systematic  Detection  of  Iodide 

Removal  of  Ferricyanide  and  Ferrocyanide.  Acidify  3 
ml.  of  the  solution  with  1 .5  M  sulfuric  acid.  Add  dropwise  with 
constant  stirring  2  ml.  of  1  M  cobalt  acetate  and  3  ml.  of  water 
saturated  with  hydrogen  sulfide.  Heat  to  boiling  and  boil  for  30 
seconds  with  constant  stirring.  Centrifuge  or  filter  into  a  small 
test  tube,  using  suction. 

The  filtration  should  proceed  slowly,  at  the  rate  of  one  drop 
per  second,  to  prevent  the  precipitate  from  passing  through  the 
filter.  Rinse  the  container  with  2  ml.  of  water  and  heat  to  boil¬ 
ing.  Wash  the  precipitate  with  the  rinsings  and  combine  the 
washings  with  the  filtrate.  The  filtrate  must  be  clear. 

Removal  of  Arsenite.  To  the  acidified  solution  add  2  ml. 
of  1.5  M  sulfuric  acid  and  pass  hydrogen  sulfide  through  the 
solution  until  all  the  arsenic  has  been  precipitated.  Filter,  wash 
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the  precipitate  with  5  ml.  water,  and  combine  the  washings  with 
the  nitrate,  evaporate  the  solution  to  4  to  5  ml.,  and  cool. 

Destruction  of  Thiocyanate.  To  the  acid  solution  add 
dropwise  with  constant  stirring  2  ml.  of  18  M  sulfuric  acid.  Heat 
to  boiling  over  a  small  flame  and  boil  with  constant  stirring  for 
30  seconds,  but  no  longer.  Cool. 

Identification  of  Iodide.  Transfer  the  solution  (whose 
volume  should  be  4  to  5  ml.)  to  a  small  test  tube,  add  2  ml.  of 
carbon  tetrachloride  and  3  ml.  of  3  per  cent  hydrogen  peroxide, 
and  shake  intermittently  for  at  least  2  minutes.  A  violet  lower 

layer  proves  the  presence  of  iodide. 

Notes.  If  thiocyanate  is  absent,  add  1  ml.  of  1.5  M  sulfuric 
acid  before  identifying  the  iodide.  If  arsenate  is  absent,  evaporate 
the  solution  to  4  to  5  ml.  and  cool,  before  destroying  the  thiocya¬ 
nate.  When  both  arsenite  and  thiocyanate  are  absent,  evaporate 
to  4  to  5  ml.,  cool,  add  1  ml.  of  1.5  M  sulfuric  acid,  and  proceed 
with  identification  of  iodide. 

If  ferricyanide,  ferrocyanide,  and  thiocyanate  are  absent  a,nd 
arsenite  is  present,  add  1  ml.  of  1.5  M  sulfuric  acid  before  testing 

for  iodide.  .  , 

If  ferricyanide,  ferrocyanide,  and  arsenite  are  absent  and 
thiocyanate  is  present  along  with  either  sulfide  or  cyanide,  acidify 
3  ml.  of  the  solution  with  1.5  M  sulfuric  acid,  add  2  ml.  in  excess, 
dilute  to  12  ml.,  and  evaporate  to  4  to  5  mi.  Cool.  Then  pro¬ 
ceed  with  destruction  of  thiocyanate. 

If  ferricyanide,  ferrocyanide,  arsenite,  and  thiocyanate  are 
absent  and  sulfide  or  cyanide  is  present,  acidify  3  ml.  of  the 
solution  with  1.5  M  sulfuric  acid,  add  2  ml.  in  excess,  dilute  to 
12  ml.,  and  evaporate  to  4  to  5  ml.  Cool,  add  1  ml.  of  1.5  M 
sulfuric  acid  to  the  solution,  and  then  proceed  with  identification 
of  iodide. 

If  ferricyanide,  ferrocyanide,  arsenite,  sulfide,  and  cyanide  are 
absent  and  thiocyanate  is  present,  dilute  3  ml.  of  the  solution 
with  1  ml.  of  water  and  proceed  with  destruction  of  thiocyanate. 

If  ferricyanide,  ferrocyanide,  arsenite,  sulfide,  cyanide,  and  thio¬ 
cyanate  are  all  absent,  acidify  3  ml.  of  the  solution  with  1.5  m 
sulfuric  acid,  add  2  ml.  in  excess,  and  evaporate  to  4  to  5  ml. 
Cool  and  proceed  with  identification  of  iodide. 


Systematic  Detection  of  Bromide 

Precipitation  of  Interfering  Acids  with  Mercuric 
Acetate.  Acidify  3  ml.  of  the  solution  with  1.5  M  sulfuric  acid. 
If  ferricyanide  is  present,  add  2  ml.  of  1  M  cobalt  acetate  dropwise 
and  with  constant  stirring.  Then  add  2  ml.  of  0.75  M  mercuric 
acetate  (this  solution  should  contain  5  ml.  of  glacial  acetic  acid 
in  100  ml.  of  solution)  dropwise  and  with  constant  stirring.  If 
tartrate  is  present,  add  2  ml.  of  1  M  lead  acetate.  Stir  vigorously 
for  at  least  3  minutes.  If  thiosulfate  is  present,  heat  to  boiling, 
boil  for  1  minute,  and  cool.  Filter,  using  suction,  into  a  small  test 
tube.  Rinse  beaker  with  2  ml.  of  water  and  wash  the  precipitate 
with  the  rinsings.  Combine  the  washings  with  the  filtrate,  trans¬ 
fer  the  solution  to  a  large  test  tube,  and  add  2  ml.  of  1.5  M  sul¬ 
furic  acid.  Pass  hydrogen  sulfide  through  the  solution  until  all 
the  mercury  has  been  precipitated.  Filter  into  a  small  test  tube 
using  suction,  rinse  the  large  test  tube  with  5  ml.  of  water,  and 
wash  the  precipitate  with  the  rinsings.  Combine  the  washings 
with  the  filtrate,  transfer  to  a  100-ml.  beaker,  and  evaporate  to  4 
to  5  ml.  Cool. 

Destruction  of  Thiocyanate.  To  the  solution  add  dropwise 
with  constant  stirring  2  ml.  of  18  M  sulfuric  acid.  Heat  to  boiling 
over  a  small  flame  and  boil  with  constant  stirring  for  30  seconds, 
but  no  longer.  Cool. 

Removal  of  Iodide.  To  the  solution  add  dropwise  with  con¬ 
stant  stirring  13  ml.  of  3  M  sodium  hydroxide.  Under  a  hood 
add,  with  constant  stirring,  1.5  ml.  of  6  M  sodium  nitrite.  Heat 
to  boiling  while  stirring,  evaporate  to  4  to  5  ml.,  and  cool.  To 
the  solution  add  with  constant  stirring  1  ml.  of  18  M  sulfuric 
acid.  Cool. 

Identification  of  Bromide.  Transfer  the  solution  to  a 
small  test  tube.  Add  1  ml.  of  carbon  tetrachloride  and  then  0.02  M 
potassium  permanganate  in  1-ml.  portions  (shaking  after  the 
addition  of  each  portion)  until  the  aqueous  layer  remains  pink. 
A  yellow  or  brown  carbon  tetrachloride  layer  shows  the  presence 
of  bromide. 

Notes.  If  thiocyanate  is  absent,  add  7  ml.  of  1.5  M  sulfuric 
acid  instead  of  13  ml.  of  3  M  sodium  hydroxide  in  the  removal  of 
iodide.  If  both  thiocyanate  and  iodide  are  absent,  add  1  ml.  of 
18  M  sulfuric  acid  to  the  solution  and  cool  before  testing  for 
bromide. 


Systematic  Detection  of  Chloride 

Removal  of  Ferricyanide  and  Ferrocyanide.  Proceed  as 
in  the  detection  of  iodide. 


Removal  of  Thiocyanate,  Iodide,  Bromide,  and  Thiosul¬ 
fate.  Transfer  the  solution  to  a  100-ml.  beaker  and  dilute  to  20 
ml.  Add  with  constant  stirring  10  ml.  of  16  M  nitric  acid,  trans¬ 
fer  to  a  125-ml.  Erlenmeyer  flask,  and  steam-distill  until  10  ml. 
of  distillate  have  been  collected.  The  source  of  the  steam  is 
distilled  water  in  a  125-ml.  flask. 

Removal  of  the  Small  Amount  of  Remaining  Bromide. 
If  bromide  is  present,  add  0.1  M  potassium  permanganate  in  1-ml. 
portions  until  the  solution  remains  pink  for  at  least  4  minutes. 
Transfer  to  a  60-ml.  separatory  or  dropping  funnel,  add  2  ml.  of 
carbon  tetrachloride,  and  shake.  Separate  the  two  layers  and 
discard  the  lower  layer.  Continue  extracting  the  solution  with 
2-ml.  portions  of  tetrachloride  until  the  lower  layer  is  colorless. 
Add  to  the  solution  6  M  sodium  nitrite,  one  drop  at  a  time,  shak¬ 
ing  after  the  addition  of  each  drop,  until  the  color  due  to  the 
permanganate  has  been  removed. 

Identification  of  Chloride.  If  the  solution  is  cloudy,  owing 
to  colloidal  sulfur  resulting  from  the  decomposition  of  thiosulfate, 
shake  it  with  0.5  gram  of  black  mercuric  sulfide  (Ethiops  mineral, 
powder)  and  filter  until  a  clear  solution  is  obtained.  Transfer  the 
solution  to  a  large  test  tube,  add  3  ml.  of  0.5  M  silver  nitrate,  and 
stir.  Let  stand  for  at  least  5  minutes.  A  white  precipitate  in¬ 
dicates  the  presence  of  chloride.  Compare  with  a  1-mg.  chloride 
control  which  has  been  obtained  by  using  the  same  procedure.  If 
the  precipitate  obtained  is  less  than  the  1-mg.  chloride  control 
and  iodide  was  present,  compare  the  precipitate  with  a  control 
of  100  mg.  of  iodide  and  1  mg.  of  chloride  which  has  undergone 
the  same  procedure.  If  the  original  precipitate  is  similar  in  size 
to  that  obtained  in  the  control,  chloride  is  present;  if  it  is  much 
less  than  this  control,  chloride  is  absent. 

Notes.  If  ferricyanide  or  ferrocyanide  is  present  and  thiosul¬ 
fate,  iodide,  bromide,  and  thiocyanate  are  all  absent,  add  1  ml. 
of  16  M  nitric  acid  before  proceeding  to  identification  of  chloride. 

If  ferricyanide  and  ferrocyanide  are  absent,  and  cyanide  or 
sulfide  is  present  together  with  iodide,  bromide,  thiocyanate,  or 
thiosulfate,  acidify  3  ml.  of  the  solution  with  1.51  sulfuric  acid, 
add  2  ml.  in  excess,  dilute  to  12  ml.,  evaporate  to  4  to  5  ml.,  and 
proceed  to  removal  of  bromide,  iodide,  thiocyanate,  and  thio¬ 
sulfate. 

If  thiosulfate,  bromide,  iodide,  thiocyanate,  ferricyanide,  and 
ferrocyanide  are  all  absent  and  cyanide  or  sulfide  is  present,  treat 
3  ml.  of  the  solution  with  1.5  M  sulfuric  acid  until  it  is  acid  to 
litmus,  add  2  ml.  in  excess,  dilute  to  12  ml.,  and  evaporate  to  4  to 
5  ml.  Add  1  ml.  of  16  M  nitric  acid  and  then  proceed  with  identi¬ 
fication  of  chloride.  . 

If  all  interfering  acids  are  absent,  acidify  3  ml.  of  the  solution 
with  16  M  nitric  acid,  add  1  ml.  in  excess,  and  proceed  with 
identification  of  chloride. 


Table  I.  Test  Analyses  for  Chloride 


(When  bromide  and  iodide  are  removed  by  boiling  with  nitric  acid) 


mpi. 

No. 

ci- 

Br- 

I- 

Mg. 

Mg. 

Mg. 

1 

1 

0 

100 

2 

2 

0 

100 

3 

5 

0 

100 

4 

5 

0 

50 

5 

1 

50 

50 

6 

1 

0 

25 

7 

1 

75 

25 

8 

0 

75 

25 

Results 


No  precipitate 
No  precipitate 

White  precipitate  approximately  same  as 
1-mg.  Cl~  control 

White  precipitate  approximately  same  as 
1-mg.  Cl'  oontrol 
No  precipitate 
Faint  opalescenoe 
Faint  precipitate 
Very  faint  opalescence0 


°  Very  faint  opalescence  is  due  to  a  trace  of  chloride  present  as  impurity 
in  bromide.  This  chloride  iB  also  lost  when  large  amounts  of  iodide  are 
present  (expt.  5). 


Test  Analyses 

To  test  the  efficiency  of  the  above  procedures,  over  200  test 
analyses  were  performed.  The  results  were  as  follows: 

One  milligram  of  thiocyanate  was  successfully  detected  in  the 
presence  of  100  mg.  of  iodide,  thiosulfate,  sulfite,  tartrate,  oxalate, 
arsenite,  ferricyanide,  ferrocyanide,  sulfide,  and  cyanide. 

Positive  tests  were  obtained  for  1  mg.  of  thiocyanate  in  the 
presence  of  100  mg.  each  of  the  colored  cations  of  nickel,  man¬ 
ganese,  cobalt,  copper,  and  chromium. 

One  milligram  of  iodide  was  successfully  detected  in  the  pres¬ 
ence  of  interfering  anions. 

In  the  presence  of  100  mg.  of  interfering  anions,  2  mg.  of  bro¬ 
mide  were  successfully  detected. 
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Positive  tests  were  obtained  for  1  mg.  of  chloride  in  the  presence 
of  100  mg.  of  interfering  anions. 

Losses  in  chloride  occur  when  bromide  and  iodide  are  removed 
by  merely  boiling  with  nitric  acid  (see  Table  I).  Hence,  it  was 
found  necessary  to  remove  bromides  and  iodides  by  steam- 
distillation. 

Summary 

'  A  new  procedure  for  the  systematic  detection  of  thiocya¬ 
nate,  iodide,  bromide,  and  chloride  has  been  developed  which 
does  not  involve  the  use  of  silver  ion  as  a  group  reagent.  This 
method  is  capable  of  detecting  1  mg.  each  of  thiocyanate, 
iodide,  and  chloride,  and  2  mg.  of  bromide  in  3  ml.  of  solution. 

In  addition  to  the  usual  interfering  acids,  ferrocyanide, 
ferricyanide,  cyanide,  and  sulfide,  it  was  found  that  thiosul¬ 
fate,  arsenite,  and  tartrate  interfered  in  the  new  procedure. 
Hence,  methods  were  devised  for  the  removal  of  all  inter¬ 
ferences. 
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Analysis  of  Mixtures  of  Aliphatic  Acids 

Simultaneous  Qualitative  and  Approximate  Quantitative  Determination 
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SMALL  amounts  of  mixtures  of  volatile  acids  have  usu¬ 
ally  been  reported  in  the  literature  as  calculated  as 
acetic  or  formic  acids,  etc.  Much  more  vital  informa¬ 
tion  would  be  obtained  if  these  mixtures  could  be  conveniently 
separated  and  reported  as  a  quantitative  measure  of  the 
amount  of  the  individual  acids  present. 

Much  work  has  been  done  on  the  Duclaux  ( 1,2,11 )  method 
for  separating  and  identifying  quantitatively  the  acids  in  a 
mixture.  The  method,  however,  is  open  to  serious  objections 
(3)  and  may  give  misleading  and  erroneous  results  when  the 
mixtures  contain  more  than  two  acids.  This  appears  to  be 
especially  true  when  the  acidic  components  have  not  been 
previously  identified. 

Klein  and  Wenzl  (4)  suggest  a  method  for  identifying  the  vari¬ 
ous  acids  from  formic  to  caprylic  by  their  precipitation  char¬ 
acteristics  with  inorganic  salts.  Osburn,  Wood,  and  Werkman 
(7)  suggest  a  method  for  the  quantitative  analysis  of  mixtures, 
of  acids  by  a  combination  of  simple  distillation  with  partition 
between  water  and  ethyl  ether.  McNair  (5)  determines  propionic 
acid  in  mixtures  by  an  oxidation  procedure.  Sukhonanskil  and 
Roginskaya  (10)  identify  propionic  acid  by  the  use  of  lead  oxide 
and  acetic  acid  by  subsequent  fusion  with  potassium  hydroxide 
and  copper  oxide.  Venogrado  and  Oshoumova  (12)  separate 
butyric  and  propionic  acids  in  mixtures  by  conversion  to  soaps, 
then  hydrolyzing  and  estimating  butyric  acid  by  the  yellow  pre¬ 
cipitate  formed  with  ferric  chloride. 

Since  practically  all  methods  previously  described  are  ap¬ 
plicable  only  in  special  instances  where  the  mixtures  of  acids 
are  relatively  simple  and  the  qualitative  aspects  of  the  sample 
are  known,  it  appeared  desirable  to  develop  a  method  which 
would  be  quantitative  as  well  as  qualitative,  require  no  special 
apparatus  or  technique,  and  be  capable  of  operating  on  small 
amounts  of  material. 

The  present  paper  describes  a  process  or  method  of  analy¬ 
sis  for  the  simultaneous  qualitative  and  quantitative 
analysis  of  formic,  acetic,  propionic,  isobutyric,  and  n-butyric 
acids  in  complex  acidic  mixtures  by  azeotropic  distillation 
with  benzene  and  toluene. 

Since  the  homologous  series  of  aliphatic  acids  belongs  to 
that  group  of  compounds  which  exhibits  molecular  association, 

1  Present  address,  U.  S.  Department  of  Agriculture,  Southern  Regional 
Research  Laboratory,  New  Orleans,  La. 


they  tend  consequently  to  form  abnormal  solutions  among 
themselves.  This  makes  almost  impossible  a  separation  of  a 
mixture  of  the  acids  by  straight  distillation  alone.  Also, 
small  amounts  of  mixtures  of  acids  would  require  special 
distillation  units  capable  of  distilling  efficiently  volumes  as 
small  as  1  ml.  of  liquid.  However,  because  of  molecular  as¬ 
sociation  the  acids  are  azeotropically  active  and  form  mini¬ 
mum  boiling  azeotropes  with  hydrocarbons.  Molecular  as¬ 
sociation  and  azeotropic  activity  of  the  acids  decrease  as  the 
series  ascends  from  formic  to  n-butyric,  and  the  acids  separate 
when  distilled  with  selected  hydrocarbons.  Benzene  and 
toluene  appear  to  be  the  hydrocarbons  best  suited  for  the 
separation  of  these  acids. 

Since  the  binary  azeotropic  systems  of  acid  and  hydrocarbon 
are  very  sensitive  to  water  and  to  organic  solvents,  it  is 
necessary  to  work  with  anhydrous  concentrates  of  acidic 
materials  which  are  free  of  all  solvent  material. 

The  method  can  also  be  applied  successfully  to  a  mixture 
of  the  sodium  salts  of  the  acids.  This  makes  possible  the 
separation  of  the  acids  from  all  other  organic  solvents  which 
might  interfere  with  the  determination.  Furthermore,  the 
salts  can  be  obtained  easily  in  an  anhydrous  state  by  refluxing 
them  in  a  dehydrating  apparatus  (Youtz  type  of  receiver  for 
moisture  determinations,  9)  with  toluene  or  benzene.  The 
dry  salts  thus  obtained  are  refluxed  with  anhydrous  toluene 
sulfonic  acid  dissolved  in  benzene  or  toluene,  which  liberates 
for  analysis  the  unknown  acids.  The  excess  toluene  sulfonic 
acid  is  stable  at  the  temperatures  used  and  does  not  appear 
in  the  distillate. 

Formic  and  acetic  acids,  which  have  low  boiling  points, 
form  azeotropes  with  benzene.  Propionic,  isobutyric,  and 
n-butyric  acids,  which  boil  so  much  higher  than  benzene,  are 
azeotropically  inactive  with  it.  Consequently  in  the  distilla¬ 
tion  of  an  acid  mixture,  the  formic  and  acetic  acids  are  re¬ 
moved  quantitatively  as  a  mixture.  However,  because  of  the 
lower  boiling  point  and  greater  azeotropic  activity,  formic 
acid  is  the  first  to  be  removed  during  the  distillation.  Thus 
during  the  benzene  distillation  the  formic  acid  is  removed 
first,  followed  by  distillation  of  the  acetic,  leaving  the  other 
acids  behind  in  the  still  pot. 
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Toluene  forms  azeotropes  with  all  the  acids  from  formic  to 
and  including  n-butyric  acid.  However,  since  in  this  pro¬ 
cedure  the  formic  and  acetic  acids  are  removed  by  benzene 
distillation,  prior  to  the  addition  of  toluene,  the  acidic  solu¬ 
tion  contains  only  propionic,  isobutyric,  and  butyric  acids. 
The  latter  three  acids  form  azeotropes  with  toluene  which 
have  boiling  points  relative  to  that  of  the  acid  itself.  Conse¬ 
quently,  in  the  distillation,  propionic  acid  forms  the  azeotrope 
having  the  lowest  boiling  point  and  is  removed  first,  followed 
subsequently  by  the  isobutyric  acid  azeotrope  and  then  the 
n-butyric  acid  azeotrope. 

Because  of  the  relatively  small  amount  of  acids  necessary 
to  form  the  azeotropes,  it  is  possible  to  work  with  small 
volumes  of  acid  mixtures  utilizing  relatively  large-sized  equip¬ 
ment  for  the  distillation.  In  column  3  of  Table  I  are  given  the 
moles  of  the  acids  contained  in  1  ml.  of  distillate  as  recovered 
during  a  systematic  distillation.  In  column  4  are  given  the 
volumes  of  azeotrope  produced  by  0.1  mole  of  the  acids. 

Advantages  of  the  azeotropic  method  of  distillation  are: 
(1)  no  high  temperatures  are  encountered ;  (2)  no  complicated 
chemical  reactions  are  involved ;  (3)  all  of  each  acidic  constitu¬ 
ent  is  utilized,  since  during  the  distillation  an  excess  of  hy¬ 
drocarbon  is  introduced  into  the  still  pot  to  ensure  the  removal 
of  the  highest  boiling  acidic  constituent  at  low  temperatures 
and  under  conditions  where  no  decomposition  occurs;  (4) 
the  major  portion  of  the  azeotrope  consists  of  hydrocarbon, 
which  makes  possible  the  utilization  of  ordinary  laboratory 
distillation  equipment  for  the  analysis  of  small  amounts  of 
acidic  material;  (5)  separation  of  the  azeotropes  (hydrocar¬ 
bon-acid)  by  distillation  is  more  easily  performed  than  separa¬ 
tion  of  the  acids  themselves  by  distillation;  and  (6)  the  acid 
constituents  are  not  destroyed  but  may  be  recovered  as  the 
sodium  salts  for  further  investigation. 


Acid 

Table  I.  Azeotrope  Produced 

Acid 

Hydrocarbon  Recovered 

Azeotrope 
Produced  by 
0.1  Mole  of 
Acid 

Benzene 

Moles/  Ml. 

0.00150 

Ml. 

66 

Benzene 

0 . 00027 

370 

Propionic 

Isobutyric 

Toluene 

0.00027 

370 

Toluene 

0 . 000049 

2040 

n-Butyric 

Toluene 

0  000020 

5000 

Reagents 

Ninety  per  cent  formic  acid,  reagent  grade,  and  glacial  acetic 
acid,  reagent  grade,  were  used  without  further  purification. 
Eastman  Kodak  Company’s  propionic  and  n-butyric  acids  were 
redistilled  prior  to  use.  Eastman  Kodak  Company’s  isobutyric 
acid  contained  by  analysis  98.7  per  cent  acid  and  was  not  further 
purified.  The  benzene  and  toluene  used  were  from  large  middle 
cuts  of  a  simple  distillation  of  technical  grades  of  benzene  and 
toluene.  The  hydrocarbons  were  dried  by  storage  over  sodium. 
Toluenesulfonic  acid  was  prepared  according  to  the  method  of 
Meyer  ( 6 ) ;  40  ml.  of  concentrated  sulfuric  acid  plus  200  ml.  of 
toluene  were  refluxed  for  4  hours  in  the  dehydrating  apparatus. 
After  cooling,  the  mixture  plus  an  excess  of  toluene  was  placed  in 
a  modified  Palkin’s  (8)  extractor  and  extracted  for  2  hours.  The 
extract,  which  amounted  to  almost  400  ml.,  contained  approxi¬ 
mately  0.0014  mole  of  acid  per  ml.  The  solution  was  stored  in  a 
glass-stoppered  bottle. 

A  benzene  solution  of  toluenesulfonic  acid  was  also  employed. 
This  solution  was  prepared  by  removing  the  water  from  toluene¬ 
sulfonic  acid  monohydrate  obtained  from  the  Eastman  Kodak 
Company,  by  dissolving  the  acid  in  benzene  and  refluxing  for  3 
hours  in  the  dehydrating  apparatus. 

Analytical  Procedure 

In  the  event  that  the  mixture  of  acids  is  obtained  pure  and 
anhydrous,  the  technique  of  the  method  is  simplified. 

To  the  acid  mixture  placed  in  a  distillation  flask  is  added  dry 
benzene  (200  to  300  ml.)  and  the  distillation  is  performed  in  an 


ordinary  packed-column  still  (the  distillations  in  this  laboratory 
were  all  made  in  a  still  having  a  90-cm.,  3-foot,  column,  1.25  cm., 
0.5  inch,  in  diameter,  and  packed  with  small  glass  helices).  The 
contents  of  the  still  are  allowed  to  reflux  10  minutes  before  re¬ 
moving  the  distillate  in  10-ml.  fractions  at  a  rate  of  1  ml.  per 
minute. 

Any  acid  appearing  in  the  benzene  distillate  will  be  formic  or 
acetic  or  both.  If  they  are  not  present  the  distillate  will  be 
practically  neutral,  since  the  higher  boiling  acids  are  not  azeo- 
tropically  active  with  benzene. 

If  it  is  found  during  the  distillation  that  the  volume  of  benzene 
added  originally  is  insufficient,  the  distillation  may  be  inter¬ 
rupted  and  an  additional  volume  of  benzene  added  without  harm 
to  the  results  of  the  analysis. 

After  the  formic  and  acetic  acids  have  been  removed  the  dis¬ 
tillation  is  continued  to  remove  most  of  the  excess  of  benzene 
before  adding  200  to  300  ml.  of  dry  toluene.  The  small  amount 
(25  to  50  ml.)  of  benzene  remaining  distills  off  first  and  does  not 
interfere  with  the  azeotropic  distillation  of  the  higher  boiling 
acid  substances.  The  toluene  distillation  is  continued  until  the 
10-ml  fractions  of  distillate  contain  less  than  0.04  X  10“ 3  mole 
of  acid.  At  this  point  practically  all  of  the  acid  constituents  have 
been  removed  from  the  pot  liquor. 

As  the  fractions  are  removed  from  the  still  they  are  mixed  with 
about  20  ml.  of  water  in  an  Erlenmeyer  flask,  shaken  vigorously 
for  15  seconds,  and  titrated  with  0.1  sodium  hydroxide,  using 
phenolphthalein  as  the  indicator.  As  the  end  point  is  approached, 
it  is  necessary  to  shake  the  Erlenmeyer  flask  vigorously  to  be  sure 
that  all  of  the  acid  in  the  hydrocarbon  layer  has  been  titrated. 

In  case  the  unknown  acid  mixture  is  obtained  as  the  sodium 
salts,  the  following  procedure  is  recommended: 

The  salts  are  evaporated  to  dryness  in  an  evaporating  dish  on 
the  steam  bath,  finely  powdered,  and  placed  in  a  500-ml.  round- 
bottomed  flask  equipped  with  a  standard  taper  joint  which  fits 
the  distillation  column  and  also  the  dehydrating  unit.  To  the 
flask  are  added  benzene  and  some  boiling  stones  (Carborundum 
chips)  to  prevent  excessive  bumping,  and  the  flask  is  then  at¬ 
tached  to  the  dehydrating  apparatus.  The  contents  are  allowed 
to  reflux  until  no  moisture  is  evident  in  the  condensate  forming  in 
the  condenser.  To  the  cooled  contents  is  now  added  an  excess 
of  the  dry  solution  of  toluenesulfonic  acid  in  benzene  or  toluene, 
and  the  flask  is  attached  to  the  distillation  unit  and  allowed  to 
reflux  0.5  hour  before  beginning  the  removal  of  distillate.  During 
the  reflux  period  the  aliphatic  acids  are  liberated  from  the  salts 
by  the  stronger  toluenesulfonic  acid,  and  thus  are  available  to 
form  the  respective  azeotropes  with  the  hydrocarbons.  The 
distillation  and  the  titration  of  the  acids  in  the  distillates  are  car¬ 
ried  out  as  described  above. 

Discussion 

In  Table  II  is  given  a  summary  of  the  results  of  the  distilla¬ 
tions  of  the  various  acids  by  themselves  and  in  binary  mixtures 
with  benzene  and  toluene,  respectively. 

The  high  content  of  acid  in  the  first  fraction  for  formic  acid 
and  when  in  combination  with  acetic  acid  (columns  2  and  4, 
respectively)  was  due  to  the  presence  of  water  in  the  formic 
acid  that  was  used.  Normally  the  value  for  the  first  fraction 
for  anhydrous  formic  acid  is  15  X  10-3  mole,  as  evident  from 
the  values  in  Table  Y. 

When  the  individual  acids  are  distilled  alone  with  the  hy¬ 
drocarbon,  a  definite  reduction  in  concentration  of  acid  per 
fraction  occurs  when  the  acid  is  almost  completely  removed 
from  the  still  pot  (columns  2,  3,  5,  6,  and  7).  Likewise  the 
mixtures  containing  only  two  acids,  especially  the  mixtures 
formic-acetic  and  propionic-isobutyric,  show  a  definite  decrease 
in  concentration  of  the  acid  in  the  fractions  as  the  lowest  boil¬ 
ing  acid  is  completely  removed  from  the  mixture.  The  demar¬ 
cations  are  underscored  in  columns  4,  8, 9,  and  10.  In  columns 
9  and  10,  however,  the  end  of  the  distillation  of  one  acid  and 
the  beginning  of  the  distillation  of  the  other  acid  are  not  very 
evident.  Careful  analysis  of  these  data  and  those  for  the 
individual  acids  themselves  (columns  5,  6,  and  7)  makes  it 
appear  that  the  boiling  point  difference  and  azeotropic  activity 
are  not  great  enough  to  make  it  possible  completely  to 
separate  these  acids  by  distillation  with  toluene.  However, 
since  the  composition  of  the  complex  azeotrope  formed  with 
the  acids  and  toluene  is  very  constant,  it  was  possible  by  di- 
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Table  II.  Azeotropic  Distillation  of  Aliphatic  Acids  and  Their  Mixtures  with  Benzene  and  Toluene 

(Volume  of  hydrocarbon  fraction,  10  ml.) 

, - Benzene - .  . - Toluene - 


1.0  ml. 

1.0  ml. 

1.0  ml. 
formic, 

1.0  ml. 

1.0  ml. 

0.5  ml. 

0.25  ml. 

1.0  ml. 
propionic, 

0.5  ml. 

1.0  ml. 
propionic, 
0.25  ml. 

0.5  ml. 
isobutyric 
0.25  ml. 

Fraction 

formic 

acetic 

acetic 

propionic 

isobutyric 

n-butyric 

isobutyric 

n-butyric 

n-butyric 

1 

24.1 

2.62 

22.47 

Moles  of  acid  X 

2.43 

io-» 

0.49 

0.23 

2.55 

2.65 

0.45 

2 

7.9 

2.50 

3.77 

2.60 

0.47 

0.20 

2.66 

2.53 

0.41 

3 

1.6 

2.43 

1.77 

2.72 

0.46 

0.20 

2.39 

2.17 

0.39 

4 

0.35 

2.41 

2.14 

2.65 

0.45 

0.20 

1.84 

1.44 

0.37 

5 

0.19 

2.40 

1.84 

1.58 

0.45 

0.19 

1.49 

1.21 

0.36 

6 

0.11 

2.34 

1.74 

0.52 

0.45 

0.19 

1.20 

0.89 

0.34 

7 

0.02 

1.41 

0.99 

0.24 

0.45 

0.18 

0.93 

0.63 

0.32 

8 

0.88 

0.72 

0.09 

0.45 

0.18 

0.93 

0.45 

0.31 

9 

0.62 

0.62 

0.04 

0.44 

0.17 

0.49 

0.32 

0.29 

10 

0.15 

0.50 

0.42 

0.17 

0.46 

0.26 

0.27 

11 

0.08 

0.43 

0.40 

0.17 

0.45 

0.18 

0.26 

12 

0.33 

0.34 

0.17 

0.44 

0.17 

0.23 

13 

0.20 

0.20 

0.17 

0.43 

0.16 

0.20 

14 

0.15 

0.08 

0.17 

0.43 

0.15 

0.19 

15 

0.12 

0.02 

0.17 

0.42 

0.14 

0.18 

16 

0.10 

0.15 

0.40 

0.13 

0.17 

17 

0.09 

0.13 

0.34 

0.12 

0.15 

18 

0.08 

0.12 

0.25 

0.12 

0.12 

19 

0.06 

0.10 

0.16 

0.12 

0.10 

20 

0.05 

0.08 

0.09 

0.08 

21 

0.05 

0.06 

0.06 

22 

0.04 

0.04 

0.04 

Total  acid  used,  ml. 

1.0 

1.0 

2.0 

1.0 

0.5 

0.25 

1.5 

1.25 

0.75 

rect  experimentation  to  assign  a  comparatively  true  demarca¬ 
tion  point. 

Analysis  of  the  data  given  in  Table  II,  columns  4,  8,  9,  and 
10,  with  regard  to  the  variations  of  the  decrease  in  concentra¬ 
tion  of  acid  per  fraction,  illustrates  the  method  used  to  ob¬ 
tain  qualitative  results  on  binary  mixtures  of  acids.  In 
column  4,  the  distillation  of  a  mixture  of  formic  and  acetic 
acids  with  benzene  indicates  that  formic  acid  must  have 
been  present  because  of  the  high  acid  content  of  fraction  1 
(compare  with  fraction  1  of  column  2).  If  formic  had  been  the 
only  acid  present,  a  large  decrease  in  acid  concentration  would 
have  been  evident  after  the  removal  of  fraction  3.  However, 
the  variation  in  the  decrease  in  acid  concentration  subsequent 
to  fraction  3  indicates  the  presence  of  another  acid  which  is 
acetic,  since  no  other  acid  distills  with  benzene,  and  also 
since  the  decrease  in  acid  concentration  with  an  increase  in 
the  number  of  fractions  is  analogous  to  the  data  obtained 
with  pure  acetic  acid  (column  3).  Similar  analyses  are  made 
to  obtain  qualitative  results  for  the  other  acid  mixtures 
(columns  8,  9,  and  10). 

In  Figure  1  are  shown  the  curves  obtained  by  plotting  moles 
of  acid  in  the  distillate  against  volume  of  distillate  for  the 
distillation  of  propionic,  isobutyric,  and  n-butyric  acids,  re¬ 
spectively,  with  toluene. 


In  Figure  2  are  shown  the  curves  obtained  by  the  distilla¬ 
tion  of  mixtures  of  acids  with  toluene.  Curve  1  shows  the 
toluene  distillation  of  a  binary  mixture  containing  1  ml.  of 
propionic  and  0.5  ml.  of  isobutyric  acids;  curve  2,  1  ml. 
of  propionic  and  0.25  ml.  of  n-butyric  acids;  curve  3,  0.5  ml.  of 
isobutyric  and  0.25  ml.  of  n-butyric  acids. 

By  comparing  the  curves  of  Figure  1  with  those  of  Figure  2, 
the  effect  of  the  presence  of  an  additional  acid  component  on 
the  shape  of  the  propionic  acid  curve  is  readily  noted.  Simi¬ 
larly,  the  effect  of  n-butyric  acid  on  the  distillation  behavior  of 
isobutyric  acid  is  also  evident. 

The  quantitative  evaluation  of  the  individual  acids  of  a 
mixture  is  more  difficult  and  can  only  be  approximate  by 
virtue  of  inability  to  separate  the  acid  azeotropes  completely 
from  each  other.  The  demarcation  lines  in  columns  4,  8,  9, 
and  10  of  Table  II  are  placed  at  the  points  at  which  it  is 
assumed,  from  analysis  of  the  distillation  behavior  of  the 
binary  mixtures  with  that  of  the  individual  acids  of  columns 
2,  3,  5,  and  6,  that  the  low-boiling  acid  in  the  mixture  is  com¬ 
pletely  removed  from  the  still.  The  acid  appearing  in  the 
distillate  from  then  on  is  assumed  to  be  the  next  higher  boiling 
acid. 

The  volumes  of  acids  and  acid  mixtures  used  in  the  de¬ 
termination  indicate  the  very  small  volumes  of  acids  and  acid 
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Figure  2 


Figure  3 


mixtures  which  can  be  analyzed  readily  without  recourse  to 
micro-  or  semimicroapparatus. 

In  Table  III  are  given  the  results  of  the  analysis  of  a 
synthetic  mixture  of  acids  containing  1.0  ml.  of  formic,  1.0 
ml.  of  acetic,  0.5  ml.  of  propionic,  0.3  ml.  of  isobutyric,  and 
0.5  ml.  of  n-butyric  acids.  The  data  indicate  that  most  of 
the  formic  acid  was  removed  in  the  first  fraction  and  about 
1.18  X  10  ~3  mole  appeared  in  fraction  2.  The  acetic  acid  was 
all  removed  at  the  end  of  fraction  26,  at  which  time  most  of 
the  benzene  had  been  removed  and  toluene  added.  Propionic 
acid  was  present  in  fractions  27  to  34;  isobutyric,  in  fractions 
35  to  44;  and  the  remainder  of  the  fractions  plus  the  still 
residue  contained  the  n-butyric  acid. 

In  Figure  3  is  shown  the  smoothed  and  approximate  curve 
obtained  by  plotting  the  data  given  in  Table  III. 

If  only  formic  acid  had  been  present,  the  curve  starting  at 
22.4  X  10“ 3  mole  would  not  have  indicated  the  plateau  for  acetic 
acid  and  would  have  followed  dotted  line  A.  Had  acetic  been  the 
only  acid  present,  the  curve  would  have  started  at  approximately 
2.5  X  10-3  mole  of  acid  instead  of  22.4  X  1CT3  and  would  have 
been  similar  to  the  curve  indicated  by  B. 

After  distilling  off  about  260  ml.,  most  of  the  acetic  acid  had 
been  removed.  To  the  still  pot,  containing  the  other  acids  and 
about  40  ml.  of  benzene,  dry  toluene  was  added  and  the  distillation 
was  continued.  The  presence  of  propionic  acid  was  indicated  by 
the  peak  appearing  at  the  beginning  of  the  toluene  distillation. 
The  absence  of  a  peak  at  this  point  would  indicate  that  propionic 
acid  was  not  present  in  the  acid  mixture.  If  neither  isobutyric 
nor  butyric  acid  had  been  present,  the  propionic  curve  would  have 
followed  dotted  curve  C. 

If  n-butyric  acid  had  been  present  and  isobutyric  acid  absent, 
the  curve  for  propionic  acid  would  have  followed  C,  branching 


off  into  portion  D.  The  curve  lying  between  340  and  440  ml.  of 
distillate  is  due  to  isobutyric  acid.  If  n-butyric  acid  had  not  been 
present,  the  curve  would  have  followed  the  dotted  fine  at  E. 

In  Table  IV  is  given  a  comparison  of  the  moles  of  acids 
originally  present  in  the  mixture,  and  the  values  obtained  from 
the  analysis  of  the  data  in  Table  III.  In  column  4  is  shown 
the  percentage  recovery  of  each  acid,  also  that  about  4  per 
cent  of  the  total  acid  content  is  lost  during  the  analysis.  In 
columns  5  and  6  are  given  the  percentage  of  each  acid  present 
in  the  original  synthetic  mixture  and  the  percentage  found  by 
analysis.  The  largest  error  is  that  for  acetic  acid,  which 
amounts  to  only  2.7  per  cent. 

In  Table  V  are  given  the  results  of  an  analysis  of  a  mixture 
of  sodium  salts  containing  1  ml.  of  formic,  1  ml.  of  acetic,  0.5 
ml.  of  propionic,  0.3  ml.  of  isobutyric,  and  0.4  ml.  of  n- 
butyric  acid,  a  total  of  3.2  ml.  or  0.0547  mole  of  acids.  The 
salts  were  first  dried  on  a  water  bath,  then  dehydrated  in  the 
dehydrating  apparatus,  and  finally  the  acids  were  liberated 
by  distillation  with  toluenesulfonic  acid. 

In  Table  VI  is  given  a  comparison  of  the  moles  of  acids 
originally  present  in  the  mixture  and  the  values  obtained  from 
the  analysis  of  the  data  in  Table  V. 

Although  approximately  9  per  cent  of  the  acid  mixture  is 
lost  during  the  analysis,  it  is  assumed  from  the  values  listed 
in  column  4  of  Table  VI  that  the  loss  in  total  acids  occurring 
during  the  analysis  is  not  due  to  the  loss  of  an  individual  acid, 
but  is  distributed  among  the  respective  acids  present. 
Columns  5  and  6  give  the  percentage  amounts  of  the  individual 
acids  present  in  the  original  mixture  and  those  recovered, 
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respectively,  and  indicate  the  excellent  agreement  that  can  be 
obtained  by  the  method. 


Table  III.  Azeotropic  Distillation  of  a  Mixture 

(1  ml.  of  formic  acid,  1  ml.  of  acetic  acid,  0.5  ml.  of  propionic  acid,  0.3  ml.  of 

isobutyric  acid, 

and  0.5  ml. 

of  n-butyric  acid  with  benzene  and  toluene, 

respectively. 

Volume  of  fraction,  10 

ml.) 

Fraction 

Acid 

Fraction 

Acid 

Moles  X  10  3 

Moles  X  10  ~a 

Distillation  with  Benzene 

i 

22.47 

14 

0.20 

2 

3.77 

15 

0.15 

3 

1.77 

16 

0.12 

4 

2.14 

17 

0.10 

5 

1.84 

18 

0.09 

6 

1.74 

19 

0.08 

7 

0.99 

20 

0.06 

8 

0.72 

21 

0.05 

9 

0.62 

22 

0.05 

10 

0.50 

23 

0.04 

11 

0.43 

24 

0.04 

12 

0.33 

25 

0.04 

13 

0.61 

26 

0.03 

Distillation  with  Toluene 

27 

0.10 

48 

0.23 

28 

0.46 

49 

0.23 

29 

1.18 

50 

0.23 

30 

1.25 

51 

0.22 

31 

0.90 

52 

0.22 

32 

1.16 

53 

0.21 

33 

0.68 

54 

0.20 

34 

0.58 

55 

0.18 

35 

0.50 

56 

0.17 

36 

0.45 

57 

0.18 

37 

0.40 

58 

0.18 

38 

0.36 

59 

0.17 

39 

0.34 

60 

0.18 

40 

0.32 

61 

0.18 

41 

0.29 

62 

0.17 

42 

0.29 

63 

0.17 

43 

0.27 

64 

0.17 

44 

0.27 

65 

0.17 

45 

0.25 

66 

0.17 

46 

0.25 

67 

0.17 

47 

0.24 

68 

0,17 

Residue 

1.52 

Table  IV.  Acid  Recovery 

Acid 

Acid  Acid 

Present  Found 

Recovered 

Acid  in 

Original 

Mixture 

Acid 

Recovered 

Moles  X  10  “3 

% 

% 

% 

Formic 

23.30  23.80 

102 

41.0 

43.4 

Acetic 

17.20  15.1 

88 

30.3 

27.6 

Propionic 

6.58  6.31 

96 

11.6 

11.5 

Isobutyric 

3.29  3.49 

106 

5.8 

6.4 

n-Butyric 

6.42  6.06 

95 

11.3 

11.1 

Total 

56.79  54.76 

96 

Table  V.  Azeotropic  Distillation  of  Acids 

(From  mixture  of  sodium  salts  by  liberation  with  toluenesulfonic  acid) 
Volume  of  Volume  of 

Fraction  Fraction  Acids  Fraction  Fraction  Acids 

Ml.  Moles  X  10~ 3  Ml.  Moles  X  10~ 3 

, - Benzene - >  , - Toluene - * 


1 

10 

15.1 

23 

10 

0.24 

2 

10 

6.33 

24 

10 

0.93 

3 

10 

3.97 

25 

10 

1.54 

4 

10 

2.77 

26 

10 

1.35 

5 

10 

2.10 

27 

10 

0.90 

6 

10 

1.66 

28 

10 

0.80 

7 

10 

0.91 

29 

10 

0.52 

8 

10 

0.90 

30 

10 

0.61 

9 

10 

0.69 

31 

10 

0.46 

10 

10 

0.58 

32 

10 

0.37 

11 

10 

0.50 

33 

10 

0.33 

12 

10 

0.45 

34 

10 

0.32 

13 

10 

0.49 

35 

10 

0.28 

14 

10 

0.36 

36 

10 

0.27 

15 

10 

0.30 

37 

10 

0.26 

16 

10 

0  23 

38 

10 

0.25 

17 

10 

0.19 

39 

55 

1.26 

18 

10 

0.15 

40 

71 

1.04 

19 

10 

0.12 

41 

17 

0.28 

20 

10 

0  15 

21 

10 

0.07 

22 

50 

0.22 

In  Table  VTI  are  given  the  results  of  distillation  with  ben¬ 
zene  and  toluene  in  the  case  of  a  mixture  of  acid  salts  obtained 
from  the  saponification  of  a  distilled  fraction  of  “denaturing 
grade  wood  alcohol”. 

A  100-ml.  portion  of  the  “denaturing  grade  wood  alcohol” 
distillate  was  refluxed  for  2  hours  with  an  excess  of  1  A  sodium 
hydroxide.  Aftertheflaskwascooled,  the  excess  alkali  was  neutral¬ 
ized  with  1  N  sulfuric  acid.  The  analysis  showed  the  presence  of 
0.0963  mole  of  esters.  The  solution  was  made  slightly  alkaline 
again  and  evaporated  to  dryness  on  a  water  bath.  The  remainder 
of  the  water  was  removed  by  refluxing  the  salts  with  300  ml.  of 
benzene  in  the  dehydrating  apparatus.  After  all  the  water  had 
been  removed,  70  ml.  of  a  solution  of  toluenesulfonic  acid  in 
toluene,  containing  0.0014  mole  of  acid  per  ml.,  were  added  and 
the  solution  was  distilled. 

An  analysis  of  the  data  indicates  that  only  two  acids,  acetic 
and  propionic,  were  present,  and  that  quantitatively,  the 
mixture  contained  54.7  per  cent  of  acetic  acid  and  43.3  per 
cent  of  propionic  acid.  Thus  the  analysis  made  it  possible 
to  estimate  rather  accurately  the  amount  of  each  ester  origi¬ 
nally  present  in  the  “denaturing  grade  wood  alcohol”. 


Table  VI.  Acid  Recovery 


Acid 

Acid 

Present 

Acid 

Found 

Recovered 

Acid  in 
Original 
Mixture 

Acid 

Recovered 

Moles  X 

10-3 

% 

% 

% 

Formic 

23.3 

22.6 

97.0 

42.6 

45.1 

Acetic 

17.2 

15.6 

91.0 

31.4 

31.2 

Propionic 

6.6 

6.3 

95.3 

12.1 

12.6 

Isobutyric 

3.3 

2.5 

76.0 

6.0 

5.0 

n-Butyric 

4.3 

3.1 

72.0 

7.9 

6.2 

Total 

54.7 

50.1 

91.5 

• 

Table  VII.  Azeotropic  Distillation  of  Acids 

(From  saponification  of  esters  present  in  denaturing  grade  wood  alcohol) 


Volume  of  Volume  of 


Fraction 

Fraction 

Acid 

Fraction 

Fraction 

Acid 

Ml. 

Moles  X  10-3 

Ml. 

Moles  X  10~ * 

v> 

i 

10 

2.44 

1 

10 

0.01 

2 

10 

2.62 

2 

10 

1.13 

3 

10 

2.50 

3 

10 

2.32 

4 

10 

2.49 

4 

10 

2.60 

5 

10 

2.43 

5 

10 

2.65 

6 

10 

2.39 

6 

10 

2.72 

7 

10 

2.41 

7 

10 

2.72 

8 

10 

2.39 

8 

10 

2.72 

9 

10 

2.40 

9 

10 

2.76 

10 

10 

2.30 

10 

10 

2.76 

11 

50 

11.69 

11 

10 

2.73 

12 

50 

7.04 

12 

10 

2.72 

13 

20 

1.77 

13 

10 

2.74 

14 

10 

0.85 

14 

10 

2.77 

15 

10 

0.62 

15 

10 

2.73 

16 

50 

0.79 

16 

10 

2.37 

17 

50 

0.41 

17 

10 

1.22 

18 

35 

0.28 

18 

10 

0.50 

19 

10 

0.21 

Total 

48 . 22 

20 

5 

0.07 

Total 

39.95 
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Nitrite  Nitrogen  Standards 

W.  F.  REINDOLLAR 
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PROCEDURES  for  the  determination  of  nitrite  nitrogen 
in  water  and  sewage  are  given  by  the  American  Public 
Health  Association  ( 1 ),  and  in  cereals,  and  waters,  brines,  and 
salt  by  the  Association  of  Official  Agricultural  Chemists  (2). 

Although  each  of  these  methods  is  based  upon  the  diazotization 
reaction  originally  suggested  by  Griess  (4)  and  is  employed  to 
estimate  quantities  of  nitrite  nitrogen  in  approximately  the  same 
range  of  concentration,  the  reagents  differ  both  in  composition 
and  in  mode  of  preparation.  This  sulfanilic  acid  is  variously 
described  as  an  0.8  per  cent  weight  by  volume  solution  in  5  A 
.acetic  acid,  a  solution  of  0.5  gram  of  the  compound  in  150  cc.  of 
20  per  cent  acetic  acid,  and  a  1  per  cent  aqueous  solution.  The 
,a-naphthylamine  reagent  is  prepared  in  one  case  by  dissolving 
0.5  gram  of  the  base  in  100  cc.  of  5  A  acetic  acid;  in  the  other 
two  cases  the  hydrochloride  is  employed,  making  solutions  of 
0.13  and  0.5  per  cent  concentration  in  dilute  acetic  acid  and 
water,  respectively.  In  every  case  sodium  nitrite  is  prepared 
from  silver  nitrite  by  interaction  with  sodium  chloride.  In 
one  procedure  (that  for  cereals)  the  quantity  of  the  sulfanilic 
acid  and  a-naphthylamine  reagents  is  increased  from  1  to  2  cc. 
and  the  time  period  allowed  for  the  color  to  develop  is  changed 
from  30  to  60  minutes. 

Investigations  made  in  connection  with  the  development 
of  this  test  point  out  the  conditions  necessary  to  obtain 
optimum  results.  Griess  (S),  in  1879,  called  attention  to  the 
fact  that  an  acidified  mixture  of  sulfanilic  acid  and  a-naph- 
thylamine  gave  a  pink  coloration  in  the  presence  of  minute 
amounts  of  nitrous  acid.  Uosva  (5,  6)  studied  this  reac¬ 
tion  and  suggested  the  substitution  of  acetic  acid  for  the 
hydrochloric  acid  used,  claiming  that  the  former  induced  a 
more  rapid  development  of  color  and  a  more  uniform  grada¬ 
tion  of  tint.  Weston  ( 9 )  in  a  comprehensive  review  of  the 
subject  concluded,  in  part,  that  an  excess  of  hydrochloric 
acid  interferes  with  the  delicacy  of  the  reaction  whereas  an 
excess  of  acetic  acid  does  not,  and  that  the  procedure  as 
modified  by  Ilosva  is  more  rapid  than  the  original  method. 
He  recommended  also  that  the  reagents  be  made  more  con¬ 
centrated  to  avoid  inconvenient  dilution  of  the  sample.  Al¬ 
though  numerous  articles  have  since  appeared  suggesting 
further  modifications,  the  procedure  of  Weston  is  essentially 
the  standard  today. 

Mason  (7)  explains  the  use  of  silver  nitrite  rather  than 
.sodium  nitrite  as  primary  standard  on  the  basis  of  the  ques¬ 
tionable  purity  and  deliquescent  nature  of  the  latter  salt. 
Appropriate  inquiry  has  shown  that  the  first  objection  no 
longer  obtains;  sodium  nitrite  of  high  quality  may  be  readily 
secured.  This  is  fortunate,  as  the  employment  of  the  silver 
salt  to  prepare  nitrite  standards  entails  certain  difficulties 
which  are  likely  to  impair  accuracy.  Silver  nitrite  is  somewhat 
photosensitive,  deteriorates  slightly  with  age,  and  may  be¬ 
come  unreliable  as  a  standard.  It  dissolves  slowly  and  with 
difficulty.  When  sodium  chloride  is  added  to  effect  decom¬ 
position,  the  silver  chloride,  owing  to  the  necessary  absence 
of  acid,  does  not  precipitate  in  its  characteristic  clotted  form 
but  occurs  as  a  colloidal  dispersion.  The  standard  method 
( 1 )  specifies  that  a  definite  quantity  of  solution  from  this 
mixture  be  used  in  preparing  the  more  dilute  reagents,  leav¬ 
ing  the  choice  of  methods  of  clarification  to  the  operator.  If 
filtration  is  employed  for  this  purpose,  it  is  necessary  to  return 
the  liquid  to  the  filter  repeatedly  and  to  wash  thoroughly 
to  ensure  complete  removal  of  sodium  nitrite.  If  a  clear 
liquid  is  to  be  obtained  by  setthng  and  decantation,  as  sug¬ 
gested  by  Mason  (7),  2  to  3  days  must  elapse  before  the 


diluted  reagents  can  be  prepared.  Centrifuging  for  a  reason¬ 
able  period  does  not  yield  a  clear  liquid. 

In  order  to  learn  whether  pure  sodium  nitrite  may  serve  as 
a  primary  reagent  in  the  preparation  of  nitrite  nitrogen  stand¬ 
ards,  this  investigation  was  undertaken. 

Reagents 

Sodium  Nitrite.  Solution  A.  A  small  quantity  of  Merck’s 
reagent  grade  granular  sodium  nitrite  was  dried  overnight  in  a 
desiccator,  assayed  by  the  U.  S.  P.  XI  (8)  procedure,  and  found 
to  contain  99.4  per  cent  of  sodium  nitrite.  A  stock  solution  was 
prepared  making  due  allowance  for  the  slight  amount  of  impurity 
present,  and  from  this  liquid  a  standard  solution  containing  0.0005 
mg.  of  nitrogen  per  cc.  was  prepared  by  successive  dilution. 

Solution  B.  This  solution  was  prepared  by  the  interaction  of 
silver  nitrite  and  sodium  chloride  as  directed  ( 1 )  and  reduced  by 
successive  dilution,  as  specified,  to  the  same  concentration  as  A. 
Clarification  of  the  stock  solution  was  effected  by  repeated 
filtration  and  washing  of  the  filter  and  its  contents. 

Solution  C.  Preparation  of  this  solution  was  similar  to  that  of 
B  except  for  the  method  of  clarification.  In  this  case  the  stock 
reagent  was  allowed  to  stand  for  52  hours,  and  although  still 
somewhat  turbid  was  withdrawn  and  diluted  as  specified. 
Sulfanilic  Acid  Solution.  Prepared  as  directed  ( 1 ). 
Naphthylamine  Acetate  Solution.  A  fresh  supply  of  the 
base  was  obtained  and  dissolved  in  5  A  acetic  acid  following  the 
procedure  of  ( 1 ).  The  finished  reagent  was  perfectly  clear  and 
had  a  weak  purple  tint. 

Color  standards  were  prepared  from  the  three  sodium 
nitrite  solutions  and  a  comparison  of  their  respective  values 
was  made  at  the  concentrations  suggested  (1).  In  every  case 
slightly  higher  values  were  obtained  for  A  than  for  B,  indicat¬ 
ing  that  with  the  latter  solution  some  nitrite  had  been  lost, 
probably  in  the  process  of  clarification.  Values  obtained  when 
A  and  C  were  compared  were  in  good  agreement.  In  view  of 
this  fact  it  appears  that  sodium  nitrite  solution  may  be  sub¬ 
stituted  for  the  silver  nitrite-sodium  chloride  solution  and 
that  where  the  latter  is  employed,  decantation  should  be 
specified  as  the  method  of  clarification. 

Summary 

Sodium  nitrite  of  a  sufficiently  high  degree  of  purity  to 
serve  as  a  primary  standard  in  the  nitrite  nitrogen  determina¬ 
tion  is  readily  obtainable.  Its  use  obviates  the  delay  at¬ 
tendant  upon  the  use  of  silver  nitrite  and  permits  the  prepara¬ 
tion  of  all  three  dilutions  of  the  reagent  in  a  short  period. 
As  sodium  nitrite  is  relatively  inexpensive  and  the  solution 
is  readily  prepared,  it  may  be  made  fresh  when  needed,  thus 
eliminating  any  question  of  deterioration  arising  from  the 
use  of  an  old  solution. 
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Rapid  Determination  of  Quartz  in  Feldspar 

G.  H.  McINTYRE  and  M.  BOZSIN,  Ferro  Enamel  Corporation,  Cleveland,  Ohio 


IN  THE  chemical  analysis  of  feldspar,  all  of  the  silica  is 
determined  as  such,  but  no  determination  is  made  of  the 
amount  of  quartz.  As  quartz  and  feldspar  are  major  in¬ 
gredients  in  vitreous  enamels,  and  the  ratio  between  the 
combined  silica  and  quartz  in  feldspar  is  variable,  it  is 
important  to  determine  the  quantity  of  quartz  present  in 
feldspar  in  order  to  ensure  uniformity  of  enamel  composition. 


Figure  1.  Typical  Standard  Chart  for  Translating 
Quartz  Grain  Count  to  Percentage  Composition  in  Fused 

Feldspar 


Watkins  (8)  has  discussed  the  relation  of  quartz  in  feldspar 
to  chipping  of  enamels,  and  gives  a  method  for  calculating 
the  quartz  from  a  complete  chemical  analysis  of  the  feldspar. 
This  is  a  long  and  difficult  method  and  does  not  lend  itself 
to  rapid  control  of  raw  materials  in  glass  and  enamel  manufac¬ 
turing  processes. 

Method 

The  method  described  for  the  determination  of  quartz  in 
feldspars  is  rapid  and  requires  no  special  apparatus  for  sample 
preparation  and  grain  diameter  measurements.  It  has 
been  standard  in  the  analytical  labora¬ 
tories  of  the  Ferro  Enamel  Corporation 
for  over  10  years  and  has  been  proved  to 
be  practical.  It  is  based  upon  the  prin¬ 
ciple  that  unfused  quartz  is  anisotropic 
and  that  when  a  powdered  vitreous  mix¬ 
ture  is  viewed  under  a  polarizing  micro¬ 
scope  with  crossed  Nicols,  the  number 
of  quartz  grains  in  a  definite  area  may 
be  counted.  These  will  appear  light  or 
colored,  whereas  the  glass  will  be  dark. 

Quartz  grains  which  are  in  the  extinction 
position  will  remain  dark  when  so  ex¬ 
amined,  but  as  the  standards  are  ex¬ 
amined  in  the  same  manner,  the  error  is 
nullified. 

Chamot  and  Mason  (8)  referred  briefly  to 
the  method  as  being  fundamentally  based 


on  the  technique  of  detecting  rice  starch  adulteration  with  potato 
starch. 

Booze  and  Klein  (2)  developed  a  method  basically  similar  to 
this  one,  but  differing  in  technique.  Their  description  does  not 
cover  the  preparation  of  standards  and  the  exact  technique  used 
in  preparation  of  the  slide. 

Thompson  (7)  determined  free  silica  in  feldspars  by  the  linear 
intercept  method,  from  these  calculating  the  weight  of  quartz 
present.  Insley  (4)  also  used  the  linear  intercept  method  on 
thin  sections  prepared  from  fusions  of  the  feldspar.  Parmelee 
and  McVay  ( 6 )  used  an  adaptation  of  this  same  method. 

McCaughey  (5)  determined  quartz  in  crude  feldspar  by  indices 
of  refraction  methods  and  the  proportions  determined  by  count¬ 
ing  the  grains. 

Standards.  Before  routine  determinations  can  be  made, 
a  set  of  standards  must  be  prepared  in  order  to  establish 
points  on  a  graph  which  can  be  used  in  all  subsequent  deter¬ 
minations.  It  is  best  to  select  a  feldspar  that  is  known  to 
have  a  low  quartz  content,  for  making  up  the  working 
standards. 

Five  samples  containing  feldspar  with  quartz  added  in 
different  percentages  usually  make  up  the  standards.  All 
materials  used  must  be  ground  so  that  at  least  95  per  cent 
passes  a  200-mesh  sieve.  Feldspar  and  quartz  must  be  clean 
and  free  from  impurities  such  as  iron  and  excessive  mica. 
Quartz  of  at  least  99.70  per  cent  silica  grade  should  be  used. 
The  standard  mixes  are  made  in  the  following  proportions: 


Sample  No. 

Quartz 

Feldspar 

Quartz 

% 

Grams 

Grams 

1 

5 

950 

50 

2 

10 

900 

100 

3 

15 

850 

150 

4 

20 

800 

200 

5 

25 

750 

250 

Each  combination  must  be  tumbled  thoroughly  (preferably 
in  a  ball  mill)  for  at  least  an  hour,  to  provide  a  homogeneous 
mixture. 

Fusion  Buttons.  To  about  100  grams  of  each  mixture  con¬ 
tained  in  a  casserole,  add  10  ml.  of  1  per  cent  gum  arabic,  gum 
tragacanth,  or  gelatin  solution.  Mix  the  gum  thoroughly  with 
the  sample  by  means  of  a  spatula.  The  gum  acts  as  a  binder 
which  serves  to  hold  the  mixture  together  in  a  mold.  Pack  the 
resulting  mixture  into  a  15-ml.  porcelain  crucible  until  level, 
scrape  off  even  with  the  top,  and  invert  on  a  small  porcelain  plate. 
Tap  the  crucible  gently  to  release  the  fusion  button  from  the 
crucible  mold. 


Figure  2.  Palo  Myers  Gas-Fired 
Furnace 
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Feldspar 


Feldspar  mill  2282 
Feldspar  mill  2513 
Virginia  8922  (high  quartz) 


Virginia  soda  spar,  3979 

Derry  spar  (Canada) 
Carolina  spar 


Table  I.  Determination  of  Quartz 


SiC>2 

AI2O3 

CaO 

Na20 

K2O 

Quartz 
Determined 
by  Count 
Method 

NasO 

Ab03.6Si02 

K2O 

AI2O3.6S1O2 

% 

% 

% 

% 

% 

% 

% 

68.11 

17.75 

0.25 

2.52 

11.00 

8.7 

88.65 

69.03 

19.40 

0.22 

2.38 

10.41 

6.4 

82 . 65 

68.98 

18.81 

0.15 

4.13 

8.07 

9.0 

83.42 

68.58 

18.10 

0.25 

10.00 

2.36 

2.0 

97.00 

65.85 

18.82 

MgO  0. 
0.32 

82 

2.46 

12.50 

Few  particles 

95.00 

68.87 

17.76 

0.032 

3.02 

9.31 

9.2 

82.20 

-Mineral  Composition 


CaO 

Quartz 

AI203.6Si02 

Kaolinite 

(Calcd.) 

% 

% 

% 

2.10 

2.90 

6  32 

1.82 

8.78 

6.68 

1.23 

6.74 

8.51 

Dolomite 

Magnesite 

1.17 

0.69 

1.14 

2.72 

1.37 

0.69 

2.82 

5.10 

10.20 

Figure  3.  Feldspar  Fusion  and  Button 


Prepare  a  fusion  button  of  each  of  the  five  mixtures.  Place 
the  buttons  in  an  oven  for  an  hour  at  110°  C.  to  allow  all  free 
moisture  to  escape.  ,  .  , 

After  the  initial  drying,  all  five  samples  must  be  fused,  for 
this  purpose  a  Globar  element  furnace  or  a  Palo  gas  furnace  may 
be  used.  Heat  the  samples  uniformly,  gradually  increasing  the 
temperature  until  1370°  C.  (2500°  F.)  is  reached,  and  maintain 
this  temperature  for  15  minutes. 

Heat  Treatment.  The  following  schedule  is  followed 
during  the  heat  treatment: 


Min. 

0  F. 

Min. 

0 

0 

1500 

75 

2380 

15 

1700 

90 

2500 

30 

1900 

95 

2500 

45 

2100 

100 

2500 

60 

2240 

105 

2500 

During  this  heat  treatment  all  of  the  feldspar  fuses  to  a 
translucent  glass,  while  the  quartz  remains  unaffected. 

When  cold,  chip  the  fusion  buttons  off  the  porcelain  plates 
and  grind  off  all  adhering  porcelain  on  an 
emery  wheel.  Pulverize  each  button  by  means 
of  a  hardened  steel  mortar  and  pestle  until 
all  the  powder  passes  a  200-mesh  sieve.  The 
samples  are  then  ready  for  microscopical  ex¬ 
amination. 

The  sampling  rod  consists  of  an  eightpenny 
box  nail  from  which  the  point  has  been  cut  off 
and  in  its  place  a  depression  about  1  mm.  in 
depth  has  been  drilled. 

Preparation  of  Slide  for  Microscopical 
Examination.  Spread  each  sample  in  approxi¬ 
mately  a  0.6-cm.  (0.25-inch)  layer  and  press 
the  standard  sample  rod  into  this  sample.  Level 
off  the  powder  which  fills  the  small  indentation 
in  the  end  of  the  rod  and  then  place  it  on  a  slide. 

Place  two  of  these  samples  on  each  slide,  mak¬ 
ing  five  groups  of  two  each.  Next  apply  a 
drop  of  glycerol  to  each  from  a  stirring  rod, 
which  consists  of  a  piece  of  5-mm.  glass  rod 
drawn  to  a  point  1  mm.  in  diameter.  Drops 
of  uniform  size  will  be  obtained  if  the  last  drop 
coming  off  the  rod  is  used  for  mounting  the 


sample.  Then  mix  the  small  sample  for  2  or  3  minutes  with  the 
glycerol,  using  a  small  platinum  wire  spatula.  Place  an  18-mm. 
cover  glass  over  the  sample,  taking  care  not  to  trap  air  bubbles 
and  to  spread  the  sample  completely  under  the  cover  glass. 

Microscopical  Examination.  By  means  of  a  polarizing  micro¬ 
scope  equipped  with  a  mechanical  stage,  bring  the  sample  to  focus, 
using  a  12.5-nun.  ocular  (equipped  with  a  Whipple,  1,  eyepiece 
micrometer)  and  a  16-mm.  objective.  The  field  is  viewed  with 
the  Nicols  crossed  and  the  quartz  can  be  seen  as  bright  spots, 
which  may  be  colored  if  the  quartz  grains  are  large. 

Count  the  number  of  particles  of  quartz  in  an  area  of  9  squares, 
the  small  cross-sectioned  square  being  the  center  of  the  group. 
Move  the  sample  to  another  graduation  as  shown  by  the  vernier 
on  the  mechanical  stage,  and  take  another  count.  Move  the 
sample  in  a  regular  manner  so  as  to  include  the  entire  area  and 
take  counts  until  a  hundred  areas  are  counted.  Repeat  the 
operation  with  a  check  sample.  From  the  average  counts  cal¬ 
culate  the  number  of  quartz  particles  per  unit  area  corresponding 
to  the  per  cent  quartz  added  to  the  sample.  After  counts  and 
checks  have  been  made  on  all  five  standard  samples,  plot  a  graph 
for  particles  per  unit  area  in  relation  to  percentage  of  free  quartz. 
This  graph  will  serve  as  a  standard  for  all  subsequent  determina¬ 
tions  of  quartz  in  feldspar,  providing  conditions  are  kept  standard. 

On  all  unknown  samples,  it  is  necessary  only  to  mix  about  25 
to  30  grams  of  the  finely  divided  feldspar  with  sufficient  gum 
for  bonding,  and  then  fuse  to  a  button  in  the  manner  described 
for  the  preparation  of  the  standard  sample.  After  fusion  the 
same  standard  procedure  is  followed  for  pulverizing,  preparing  the 
slide,  and  counting.  By  averaging  the  counts  and  calculating 
particles  per  unit  area,  the  percentage  of  quartz  can  be  read  from 
the  standard  graph. 

Once  the  standards  have  been  made  and  the  graph  has  been 
plotted,  the  determination  is  not  lengthy,  the  preparation  of 
the  buttons  and  the  fusion  taking  the  most  time.  After  the 
buttons  have  been  fused,  the  determination  takes  about  an 
hour. 

Results 

A  series  of  complete  chemical  analyses  was  made  on 
different  types  of  feldspar.  The  mineral  composition  was 
then  calculated  and  compared  with  results  by  the  above 
method.  These  data  are  shown  in  Table  I. 

The  chief  advantage  in  using  this  method  is  that  it  is  time- 


Figure  4.  Photomicrographs  of  Fused  Feldspar 

Left.  Taken  with  crossed  Nicols.  Note  bright  particles  of  quartz 
Right.  Taken  without  crossed  Nicols 
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saving  once  standards  have  been  set  up.  It  is  also  not 
necessary  to  make  the  usual  tedious  determination  of  the 
alkalies,  which  must  be  made  if  the  quartz  is  to  be  deter¬ 
mined  by  calculation  from  the  mineral  composition  of  the  spar. 
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Volumetric  Determination  of  Selenate 

GLENN  C.  SOTH  AND  JOHN  E.  RICCI,  New  York  University,  New  York,  N.  Y. 


IN  CONNECTION  with  certain  phase  rule  studies  re¬ 
quiring  numerous  and  readily  duplicated  accurate  de¬ 
terminations  of  dissolved  selenate,  some  simplifications  in  the 
volumetric  method  first  suggested  by  Pettersson  ( 9 )  were 
effected,  which  it  seems  worth  while  to  describe. 

This  direct  method,  studied  in  detail  by  Gooch  and  co¬ 
workers  (8,  4,  6) ,  seemed,  especially  when  compared  with  the 
gravimetric  methods  available  (determination  as  lead  selenate 
or  as  elementary  selenium),  the  best  suited  for  rapid  and  ac¬ 
curate  analysis.  The  reactions  involved  are:  reduction  of 
the  selenate  to  selenite  by  means  of  some  halogen  acid,  distil¬ 
lation  of  the  liberated  halogen  into  potassium  iodide  solution 
and  titration  of  the  equivalent  iodine  with  standard  thio¬ 
sulfate  solution.  As  described  by  Gooch  and  co-workers, 
however,  and  also  as  studied  by  Moser  and  Prinz  ( 8 ),  the 
analysis  requires  a  cumbersome  apparatus  and  has  several 
sources  of  error,  so  that  it  seemed  desirable  to  modify  and 
simplify  the  procedure  further.  The  chief  difficulties  are  the 
necessity  of  passing  a  current  of  carbon  dioxide  through  the 
apparatus  during  the  distillation  of  the  bromine  to  ensure  its 
complete  removal,  the  need  of  two  or  more  traps  of  potassium 
iodide  solution  to  absorb  the  bromine  completely,  and  the  un¬ 
certainty  of  controlling  the  treatment  with  hydrochloric  or 
hydrobromic  acid  without  causing  either  further  reduction  of 
the  selenite  to  elementary  selenium  or  the  formation  of  volatile 
selenium  bromide.  In  the  procedure  described  by  Gooch  the 
distillation  is  continued  until  the  volume  in  the  distilling  flask 
is  reduced  by  one  third  or  until  color  begins  to  reappear  in  the 
residual  liquid.  Gooch  and  Pierce  ( 5 )  in  fact  recommended 
indirect  titration,  not  of  the  liberated  bromine  but  of  the 
selenite  formed. 

The  necessary  operations  for  the  direct  determination,  using 
hydrobromic  acid  for  the  reduction,  can  be  carried  out  ac¬ 
curately  and  rapidly  by  means  of  the  all-glass  apparatus  shown  in 
Figure  1,  consisting  of  a  200-ml.  round-bottomed  flask  with  a 
sealed-in  dropping  funnel,  a  Kjeldahl  trap,  a  condenser,  and  a 
receiving  flask.  In  use,  a  small  amount  of  stopcock  grease  is 
applied  to  the  ground-glass  joints  to  prevent  sticking. 

The  sample  is  placed  in  the  distilling  flask  and  diluted  to  about 
125  ml.,  and  a  few  glass  beads  are  added  to  prevent  bumping. 
The  solution  is  heated  to  boiling  and  the  air  driven  from  the  ap¬ 
paratus.  When  no  more  bubbles  pass  through  the  potassium 
iodide  solution  in  the  receiving  flask,  the  water  in  the  condenser 
is  turned  off  for  a  few  seconds.  After  a  few  more  bubbles  escape, 
the  water  is  turned  on  again,  drawing  the  solution  up  into  the 
condenser  to  a  height  of  5  or  7.5  cm.  (2  or  3  inches).  Twenty 
milliliters  of  concentrated  hydrobromic  acid  are  added  slowly  to 
the  boiling  liquid  through  the  dropping  funnel,  and  from  time 
to  time  thereafter  water  is  added  to  maintain  the  volume  in  the 
distilling  flask.  The  distillation  is  continued  until  the  contents  of 
the  distilling  flask  are  colorless,  after  which  the  condenser  is 
washed  into  the  receiving  flask  and  the  solution  is  titrated  im¬ 
mediately.  In  place  of  hydrobromic  acid  (which  must  be  free  of 
bromine),  sulfuric  acid  may  be  mixed  with  the  sample  in  the  dis¬ 


tilling  flask  at  the  start,  and  potassium  bromide  solution  added 
through  the  dropping  funnel. 

Discussion 

The  distillation  as  described  requires  about  20  minutes  and 
the  entire  analysis  about  30  minutes.  Although  the  disappear- 
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Table  I.  Determination  of  Selenate 


- MgSeCh - - 

Method 

Sample 

Found 

Theoretical 

Grams 

% 

% 

Analysis  of  MgSe04.6H20 

Mg-8-hydroxyquinolate 

0.2504 

0.2737 

60.65 

60.78 

60.75 

0.2662 

60.77 

Lead  selenate 

0.2020 

60.70 

0.2011 

60.78 

0.1996 

60.86 

Distillation  method 
Using  HBr 

0.8161 

60.74 

0 . 8254 

60.74 

0 . 8098 

60.79 

Using  H2SO4  and  KBr 

0.6675 

0.8189 

60.68 

60.71 

0.8175 

60.81 

pared  from  elementary  selenium  according  to  the  method  of 
Gilbertson  and  King  (2).  Two  analyses  are  included  on  solutions 
of  pure  magnesium  selenate  whose  composition  was  known  from 
determination  of  magnesium  by  the  method  described  below. 

Hydrobromic  acid  was  a  Merck  40  to  42  per  cent  solution,  free 

of  bromine.  ,  _  ,  , 

The  potassium  iodide  solution  in  the  receiving  flask  was  made 
up  just  before  use  and  contained  8  grams  of  c.  p.  salt  and  30  ml. 
of  4  A  sulfuric  acid  in  150  ml.  of  solution. 

The  liberated  iodine  was  titrated  in  the  usual  manner,  using 
starch  indicator  and  0.15  N  thiosulfate  previously  standardized 
against  potassium  dichromate. 

The  purity  of  the  magnesium  selenate  was  checked  by  precipi; 
tation  of  lead  selenate  according  to  the  method  of  Ripan-Tilici 
(10,  11)  and  by  precipitation  of  magnesium  as  the  o-hydroxy- 
quinolate  and  subsequent  titration  with  standard  potassium 
bromate  (Berg’s  method,  1),  using  the  procedure  of  Kolthoff  and 
Furman  (7),  with  indigo  as  indicator. 


Analysis  of  Solution  of  MgSe04.6H20 
Distillation  method,  using  HBr  2.8192  35  56  35.75® 

B  Known  from  determination  of  Mg  by  quinolate  method,  35.74  and 
35.76  %. 


ance  of  the  bromine  color  in  the  residual  liquid  is  the  best  in¬ 
dicator  for  the  completion  of  the  reaction  and  of  the  distilla¬ 
tion  of  the  bromine,  the  distillation  can  also  be  followed  by 
observing  the  color  of  the  vapor  in  the  condenser,  so  that  the 
analysis  may  be  used  for  colored  solutions. 

The  current  of  carbon  dioxide  employed  by  Gooch  has  been 
found  unnecessary,  inasmuch  as  the  steam  from  the  distilling 
flask  is  sufficient  to  carry  over  all  the  liberated  bromine.  In 
addition  to  permitting  a  simpler  setup,  this  Kjeldahl  type  of 
procedure  eliminates  several  possible  sources  of  error.  The 
absorption  of  bromine  by  potassium  iodide  solution  is  not 
instantaneous,  so  that  even  with  the  two  traps  employed  by 
Gooch  the  current  of  carbon  dioxide  passing  through  the 
potassium  iodide  solution  may  carry  with  it  some  bromine. 
The  present  method  of  operation  forms  a  liquid  seal  to  the 
apparatus,  so  that  no  vapor  can  escape  and  all  the  bromine 
must  dissolve  in  the  receiving  solution.  With  only  one  trap, 
furthermore,  both  time  and  possible  loss  in  transfer  are  saved, 
because  the  contents  of  several  traps  need  not  be  combined 
for  the  final  titration. 

When  excess  of  hydrobromic  acid  is  mixed  directly  with 
the  sample  in  the  distilling  flask  before  boiling,  as  in  the 
original  procedure  of  Gooch,  there  is  an  initial  rapid  evolution 
of  bromine  which  is  difficult  to  control.  By  adding  the  hy¬ 
drobromic  acid  through  the  dropping  funnel  the  evolution  of 
the  bromine  is  regulated  so  that  none  escapes  before  it  can 
react  with  the  potassium  iodide  solution.  Finally,  since  the 
volume  of  residual  liquid  is  not  used  as  an  indication  of  com¬ 
pletion  of  the  reaction,  the  initial  volume  being  maintained 
throughout,  and  since  the  addition  of  bromide  can  be  so  regu¬ 
lated  as  to  avoid  great  excess  of  halogen  acid  in  the  boiling 
solution,  there  is  no  danger  either  of  the  formation  of  elemen¬ 
tary  selenium  as  stated  by  Gooch  or  of  the  distillation  of  selen¬ 
ium  tetrabromide  from  concentrated  solution. 

The  procedure  described  should  be  useful  for  the  detection 
and  determination  of  selenate  in  the  presence  of  selenite  and 
for  the  determination  of  purity  of  salts.  Sulfate  ion,  which 
must  be  absent  in  the  lead  selenate  gravimetric  method, 
does  not  interfere.  The  chief  limitation,  however,  is  the  in¬ 
terference  by  oxidizing  agents  other  than  selenate  itself;  no 
other  oxidizing  agent  (including  nitrate  ion)  capable  of  liberat¬ 
ing  bromine  from  hydrogen  bromide  in  boiling  solution  may 
be  present. 


Test  of  Procedure 

Materials.  Magnesium  selenate  hexahydrate,  MgSeCh.- 
6HjO,  prepared  by  recrystallization  from  magnesium  oxide  and 
selenic  acid,  was  used  for  all  analyses.  The  selenic  acid  was  pre- 
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Jacketed  Receiver  for  Vacuum 
Distillation 

J.  B.  CLOKE,  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y. 

THE  accompanying  figure  represents  a  well-known  re¬ 
ceiver  for  distillation  under  diminished  pressure,  which  has 
been  provided  with  a  jacket  for  the  circulation  of  ice  water  or 
other  cooling  medium.  This  all-glass  receiver  (made  by  the 
Ace  Glass  Co.)  is  especially  useful  for  handling  low-boiling 
compounds  which  must  be  distilled  under  diminished  pres¬ 
sure.  The  joints  are  T  24/40. 


Differential  Temperature  Error  in  Weighing 

ELLIS  BLADE 

Columbia  University,  New  York,  N.  Y. 


Weighings  of  a  specially  prepared  steel 
plummet  and  a  standard  porcelain  crucible, 
on  a  magnetically  damped  balance,  indi¬ 
cate  that  a  temperature  difference  between 
object  and  balance  causes  a  weighing  error 
proportional  to  the  magnitude  of  the  differ¬ 
ence,  which  may  persist  a  half  hour,  and 
which  dissipates  logarithmically  with  time. 
The  17-gram  plummet  exhibited  a  constant 
maximum  error  of  0.05  mg.  per  degree,  and 
the  17-gram  crucible,  0.19  mg.  per  degree. 

IT  IS  recognized  that  prior  to  weighing,  objects  should  be 
brought  to  balance  temperature.  But  in  quantitative 
terms,  what  is  the  penalty  for  disregarding  the  old  axiom? 
On  the  freely  swinging  balance,  the  problem  was  difficult,  if 
not  impossible,  to  study  properly  because  of  the  transient 
nature  of  the  temperature  difference.  The  following  investi¬ 
gation  was  carried  out  on  a  magnetically  damped  balance 
(Figure  1),  using  the  counterpoise  method  of  weighing.  The 
object  was  a  highly  polished  alloy  steel  plummet,  which  was 
brought  to  temperature  in  a  specially  constructed  thermostat, 
and  then  transferred  to  the  balance  pan.  Observations  of 
the  pointer  were  begun  at  the  end  of  the  first  minute  and  con¬ 
tinued  at  regular  intervals. 

In  the  first  group  of  observations,  the  plummet  was  merely 
weighed,  with  temperature  differences  ranging  from  1°  to  15°. 
Table  I  shows  the  maximum  errors  observed  for  each  weighing. 
The  duration  of  the  phenomenon  and  its  time  rate  of  variation 
are  shown  by  the  curves  of  Figure  2. 


Figure  1.  Magnetically  Damped  Balance 


In  the  second  group  of  observations  an  attempt  was  made  to 
stifle  convection  currents  in  the  vicinity  of  the  right-hand  pan. 
To  limit  air  currents  from  below,  a  cardboard  platform  12.5  cm. 
(5  inches)  square  was  placed  within  about  0.5  mm.  of  the  lowest 
part  of  the  pan.  Currents  from  the  sides  were  prevented  by 
curved  vertical  cardboards  several  inches  high,  resting  on  the 
platform  close  to  the  pan  on  each  side.  The  maximum  errors 
under  this  arrangement  are  shown  by  items  11,  12,  and  13  of 
Table  I. 

In  the  third  group  the  plummet  was  not  placed  on  the  pan  at 
all,  but  on  an  asbestos  pad  directly  beneath  the  right  pan,  and  no 
load  was  on  the  balance  pan.  The  response  of  the  pointer  under 
these  conditions  indicated  the  existence  of  air  currents  from  the 
plummet. 

Following  these  experiments  a  standard  glazed  porcelain  cruci¬ 
ble  was  weighed  under  conditions  similar  to  the  first  group  above. 
Four  runs  were  made,  and  as  shown  in  Table  II  and  Figure  3  the 
maximum  error  was  nearly  three  times  that  for  the  plummet,  but 
the  phenomenon  was  of  shorter  duration. 


Table  I. 

Maximum  Errors  with  Plummet 

No. 

Mg. 

°  C.a 

Mg./°  C. 

Remarks 

1 

0.16 

3.0  C 

0.0533 

2 

0.12 

2.7  W 

0 . 0444 

3 

0.18 

4.1  C 

0.0439 

4 

0.14 

2.1  C 

0.0667 

Polished  Ni-Cr  steel  plummet  (17.376 

5 

0.18 

2.8  W 

0.0643 

grams)  resting  directly  on  balance  pan 

6 

0.04 

0.9  W 

0.0444 

(normal  weighing) 

7 

0.44 

8.4  C 

0.0524 

8 

0.36 

6.7  W 

0.0537 

9 

0.48 

10.4  W 

0.0461 

10 

0.74 

14.4  C 

0.0514 

Mean 

0.0521,  average  deviation  0.0019 

11 

0.20 

7.8  W 

0.0256 

Same  as  above,  except  cardboard 

12 

0.28 

9.6  W 

0.0292 

shielding  used  to  diminish  convection 

13 

0.16 

8.1  W 

0.0197 

currents 

Mean 

0.0248,  average  deviation  0.0020 

14 

0.30 

6.8  W 

0.0441 

Normal  weighing  of  plummet 

15 

0.30 

10.4  W 

0.0288  W 

Polished  plummet  on  asbestos  pad, 

16 

0.02 

9.5  C 

0.0021  C 

directly  beneath  balance  pan,  hence 
affecting  it  by  convection  only 

17 

0.00 

9.1  C 

18 

0.36 

11.6  W 

o.orio  W 

19 

0.04 

14.8  C 

0.0028  C 

Mean 

0.0300  W,  0.0025  C 

20 

0.54 

11.0  C 

0.0491 

Normal  weighing  of  plummet 

a  W,  plummet  warmer  than  balance. 
C,  plummet  colder  than  balance. 


Table  II.  Maximum  Errors  with  Crucible 
No.  Mg.  0  C.a  Mg./°  C.  Remarks 

1  0.86  4.7W  0.183  Porcelain  crucible,  of  approximately  same 

2  0.92  S.3C  0.174  weight  as  plummet  (16.486  grams), 

3  0.54  3 . 0  W  0 . 180  placed  directly  on  balance  pan  (normal 

4  0.94  4.6  C  0.204  weighing) 

Mean  0 . 185,  average  deviation  0 . 005 

a  W,  crucible  warmer  than  balance. 

C,  crucible  colder  than  balance. 


Discussion 

The  temperature  difference  can  produce  a  weighing  error 
either  through  expansion  or  by  deflection  of  the  moving  sys¬ 
tem  by  air  currents.  Expansion  of  the  pan  and  bows  is  trivial, 
while  the  beam  is,  thermally  speaking,  only  indirectly  con¬ 
nected  with  the  object  on  the  pan  and  hence  is  not  noticeably 
affected.  On  the  other  hand,  an  updraft  of  air  produced  by  a 
warm  object  would  tend  to  lift  the  pan,  thereby  making  the 
object  appear  too  light.  Such  convection  may  arise  directly 
from  the  object,  or  indirectly  through  conduction  from  the 
pan.  The  time  variation  of  the  error  depends  in  part  upon 
the  manner  in  which  the  heat  divides  between  the  two  paths, 
and  is  therefore  a  complex  function  of  heat  capacity,  conduc¬ 
tivity,  emissivity,  and  geometry. 
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Figure  2.  Error  in  Scale  Divisions  Due  to  Warm  or 
Cool  Plummet 

10,  middle  of  scale 
1  division  =  0.4  mg. 

The  effect  of  cutting  down  the  convection  was  shown  by  the 
second  group  of  experiments,  in  which  shields  were  used  about 
the  pan,  and  by  the  third  group,  in  which  conduction  to  the 
pan  was  eliminated  by  keeping  the  object  out  of  contact  with 
the  pan.  It  is  assumed  that  perfect  shielding  would  have 
eliminated  the  error  entirely  in  the  former  case,  and  it  seems 
reasonable  to  suppose  the  full  error  would  have  been  produced 
in  the  latter  case,  if  the  full  force  of  the  convection  had  been 
felt  by  the  pan. 

Apparatus 

The  plummet  was  ground  down  from  a  0.9-cm.  (0.375-inch) 
alloy  steel  rod,  and  buffed  to  a  high  polish.  A  large  eye  in  one 
end  enabled  it  to  be  hooked  from  the  bottom  of  the  thermostat  by 
means  of  a  bent  wire.  The  plummet’s  weight  was  17.376  grams. 
The  thermostat  was  a  1.25-cm.  (0.5-inch)  copper  tube,  17.5  cm. 
(7  inches)  long,  with  a  soldered-in  closed  bottom.  The  copper 
tube  and  a  thermometer  were  immersed  in  a  water  bath  contained 
in  a  Fisher  outer  tube  (Figure  4).  A  bent  wire  was  used  for  agita¬ 
tion  of  the  bath.  The  whole  assembly  was  arranged  so  that  a 
beaker  of  warm  or  cold  water  could  be  brought  up  around  the 
Fisher  tube  for  adjusting  and  controlling  the  temperature.  Tem¬ 
peratures  were  obtained  by  the  bath  thermometer  and  a  balance- 
case  thermometer,  previously  compared. 

The  crucible,  which  was  of  a  common  type,  weighed  16.486 
grams  or  slightly  less  than  the  plummet.  A  second  thermostat, 
made  for  the  crucible,  was  similar  in  every  respect  to  the  first, 
except  that  it  was  larger.  A  wire  cradle  with  a  long  stem  was 
used  to  place  and  remove  the  crucible,  the  cradle  being  so  con¬ 
structed  that  the  crucible  was  allowed  to  rest  directly  on  the  bot¬ 
tom  of  the  thermostat. 


Summary 

When  a  temperature  differential  exists  between  object  and 
balance,  a  weighing  error  occurs  which  is  linear  with  the  mag¬ 
nitude  of  the  differential  and  of  opposite  sign,  referred  to  the 
balance  temperature  as  standard.  A  highly  polished  plum¬ 
met  weighing  17.376  grams  gave  a  maximum  error  of  0.05  mg. 
per  degree  C.,  for  differences  up  to  15°  in  either  direction. 
Thus  in  analytical  work,  where  calibrations  of  brass  weights 
are  depended  upon  to  the  nearest  0.1  mg.,  a  difference  of  only 
a  few  degrees  is  very  objectionable.  For  the  larger  differ¬ 


Figure  3.  Error  in  Scale  Divisions  Due  to  Warm  or 
Cool  Crucible 

10,  middle  of  soale 
1  division  =  0.4  mg. 


j 


Figure  4.  Apparatus 

ences,  the  error  may  persist  up  to  a  half  hour,  while  small  ones 
may  last  10  minutes. 

A  common  glazed  porcelain  crucible  weighing  16.486  grams 
gave  a  maximum  error  of  0.19  mg.  per  degree  C.  For  a  tem¬ 
perature  difference  of  5°,  this  amounts  to  1  mg.  Fortunately, 
the  effect  vanishes  much  more  rapidly  than  in  the  case  of  the 
plummet,  and  will  usually  be  gone  in  15  minutes. 

The  zero  point  of  a  balance  shifts  temporarily  when  a  warm 
or  cold  object  is  weighed,  thereby  subjecting  subsequent 
weighings  to  error. 

The  magnetically  damped  balance,  operating  on  a  null 
principle,  is  especially  suitable  for  analyzing  weighing  prob¬ 
lems  in  which  time  is  an  element,  since  readings  may  be  taken 
as  frequently  as  desired.  If  external  influences  such  as  tem¬ 
perature  and  vibration  are  controlled,  the  precision  of  this 
balance  is  potentially  higher  than  that  of  the  freely  swinging 
type. 


Chemical  Examination  of  Urea  Coating  Resins 

JOHN  J.  LEVENSON,  JR.1,  Barsky  and  Strauss,  Inc.,  New  York,  N.  Y. 


WITHIN  the  past  three  years  modified  urea-formalde¬ 
hyde  resins,  for  use  in  coating  compositions,  have  ap¬ 
peared  upon  the  market.  These  resins  are  formed  by  the 
condensation  of  urea,  formaldehyde,  and  an  alcohol,  usually 
butanol,  and  are  frequently  made  available  in  the  form  of 
solutions  in  the  alcohol  or  in  mixtures  of  the  alcohol  and  hy¬ 
drocarbons.  Because  at  the  present  time  the  urea  coating 
resins  are  used  almost  exclusively  in  conjunction  with  alkyd 
resins  for  the  formulation  of  baking  enamels,  some  producers 
market  them  as  blends  or  “cocondensation”  products  with 
alkyds.  The  principal  reasons  for  the  growing  importance  of 
the  urea  resins  in  the  baking  enamel  field  are  their  extremely 
fight  color,  their  color  stability  at  high  temperatures,  and 
their  extreme  hardness  and  mar  resistance. 

The  ordinary  urea-formaldehyde  condensation  products 
have  been  examined  extensively.  In  particular,  the  investi¬ 
gations  of  Walter  (7)  have  provided  data  on  the  composition 
of  this  type  of  resin  and  have  shed  some  fight  on  their  struc¬ 
ture.  There  is,  however,  very  little  information,  except  of  a 
purely  speculative  nature,  on  the  composition  and  structure 
of  the  alcohol-modified  resins.  The  only  published  work 
providing  any  experimental  information  on  these  subjects  is 
that  of  Hodgins  and  Hovey  (5) . 

The  purposes  of  the  work  reported  here  were,  first,  to  es¬ 
tablish  suitable  methods  of  analysis;  and  secondly,  to  inves¬ 
tigate  the  composition  of  the  modified  resins  and  to  determine 
the  effect  of  curing  on  their  composition. 


Theoretical  Chemistry  of  Modified  Urea  Resins 

The  reactions  of  urea  and  formaldehyde  have  been  treated 
in  detail  by  Ellis  (4),  and  the  theoretical  aspects  of  the  chem¬ 
istry  of  the  modified  urea  coating  resins  have  been  discussed 
by  Cheetham  (S)  and  by  Hodgins  and  Hovey  (5) .  A  resume 
of  the  reactions  is  given  here  to  facilitate  an  understanding  of 
what  follows. 

In  the  presence  of  alkaline  condensing  agents,  urea  and 
formaldehyde  combine  to  form  the  methylolureas : 


nh2  hn— ch2oh  hn— ch2oh 

I  I  1 

c=o  +  ch2o  — >  C=0  +  CHaO  — >  C  =  0 
I  II 

NH2  NH2  HN— CHaOH 

Monomethylolurea  Dimethylolurea 


(1) 


The  methylolureas  may  then  undergo  condensation  to  form 
substances  of  higher  molecular  weight.  Several  types  of  re¬ 
action  are  possible  according  to  theory : 
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The  alcoholic  modifying  agent  may  be  added  at  various 
stages  in  the  process.  In  any  event,  there  is  strong  evidence 
pointing  to  the  occurrence  of  a  chemical  reaction  between  the 
urea-formaldehyde  condensation  product  and  the  modifying 
agent.  There  are  various  ways  in  which  such  a  reaction 
might  occur.  One  of  these,  which  has  frequently  been  sug¬ 
gested,  is  the  etherification  reaction  shown  in  Equation  5. 


-N— CHaOH  +  HOC4H9  — N— CHa— OC4H9 

A=0  — >  C=0 


(5) 


-N — 


- — N- 


Methods  of  Examination 

Hodgins  and  Hovey  (5)  made  their  examinations  by  the 
method  of  ultimate  analysis.  In  the  present  work  nitrogen 
was  determined  by  the  Kjeldahl  method  and  from  this  the 
urea  content  of  the  resin  was  calculated.  The  aldehydic 
and  alkoxyl  residues  were  determined  as  groups  and  were 
calculated  as  formaldehyde  and  butanol.  The  method  of 
group  analysis  has  the  advantage  of  giving  more  information 
regarding  the  composition  and  structure  of  the  resin  than 
does  the  method  of  ultimate  analysis. 

Determination  of  Nitrogen. 
Little  need  be  said  about  the  Kjeldahl 
method  for  nitrogen.  The  Gunning 
modification  as  given  in  the  methods 
of  the  Association  of  Official  Agri¬ 
cultural  Chemists  (I)  was  used.  Probably  any  of  the 
common  modifications  can  be  used  successfully.  In  some 
cases  sulfuric  acid  alone  gives  sufficiently  rapid  digestion; 
in  most  cases,  however,  small  amounts  of  copper  and  potas¬ 
sium  sulfates,  as  specified  in  the  Gunning  modification,  mate¬ 
rially  hasten  the  digestion. 

Determination  of  Formaldehyde.  The  method  em¬ 
ployed  involved  decomposition  of  the  resin  with  phosphoric 
acid  and  distillation  of  the  liberated  formaldehyde  into  alka¬ 
line  hydrogen  peroxide  which  oxidized  each  mole  of  formal¬ 
dehyde  to  one  mole  of  formic  acid.  The  excess  alkali  was 


•N— CHaOH 

I 

C=0  (2) 

I 

NHa 
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then  back-titrated.  The  apparatus  employed  in  the  distilla¬ 
tion  is  shown  in  Figure  1 . 

A  1. 0-gram  sample  of  the  resin  was  placed  in  the  bottom  of  the 
distilling  flask,  a  piece  of  porous  tile  was  added,  and  the  flask  was 
closed  by  the  stopper  bearing  the  dropping  funnel  and  the  ther¬ 
mometer.  Exactly  50.0  cc.  of  0.5  N  sodium  hydroxide  were  run 
into  the  Erlenmeyer  receiving  flask  from  a  buret  and  60  cc.  of 
3  per  cent  hydrogen  peroxide  were  added  by  pipet.  The  Erlen¬ 
meyer  receiving  flask  was  then  connected  to  the  condenser  as 
shown  in  Figure  1.  Approximately  25  cc.  of  85  per  cent  ortho- 
phosphoric  acid  and  25  cc.  of  distilled  water  were  run  into  the 
distilling  flask  through  the  dropping  funnel.  The  flask  was  then 
carefully  heated  to  the  boiling  point  (about  110°  C.),  at  which 
temperature  the  resin  dissolved  rapidly  and  formaldehyde,  water, 
and  butanol  began  to  distill  over.  During  the  course  of  the  dis¬ 
tillation  the  volume  in  the  distilling  flask  was  kept  constant  by 
adding  distilled  water  continuously  from  the  dropping  funnel  at 
such  a  rate  as  to  maintain  the  temperature  at  about  110°  C. 
Two  hundred  cubic  centimeters  of  distillate  were  collected. 

When  the  distillation  had  been  completed  the  condenser  and 
adapter  were  carefully  washed  down  into  the  receiver  with  dis¬ 
tilled  water,  a  piece  of  porous  tile  was  added,  and  the  receiver  was 
connected  to  a  30-cm.  (12-inch)  spiral  reflux  condenser.  The 
solution  was  then  refluxed  for  0.5  hour  in  order  to  decompose  the 
small  quantities  of  acetals  present  and  to  oxidize  the  formalde¬ 
hyde  thus  liberated.  Following  this,  the  solution  was  cooled  to 
room  temperature,  the  reflux  condenser  carefully  washed  down, 
and  the  excess  sodium  hydroxide  titrated  with  0.5  N  hydrochloric 
acid  using  methyl  red  indicator.  A  blank  titration  was  made  on  a 
mixture  of  50.0  cc.  of  the  standard  alkali  and  60  cc.  of  the  3  per 
cent  hydrogen  peroxide.  The  difference  between  the  titration  of 
the  experiment  and  that  of  the  blank  was  taken  as  the  standard 
acid  equivalent  of  the  formaldehyde  from  the  resin. 

Several  precautions  must  be  observed  in  making  this  deter¬ 
mination.  The  early  stages  of  the  heating,  prior  to  distilla¬ 
tion,  should  be  conducted  cautiously,  as  frothing  is  liable  to 
occur  when  distillation  begins.  For  a  1.0-gram  resin  sample 
at  least  150  cc.,  and  preferably  200  cc.,  of  distillate  should  be 
taken,  as  otherwise  the  recovery  may  be  low.  Unless  decom¬ 
posed  by  refluxing,  acetals,  formed  by  combination  of  formal¬ 
dehyde  and  butanol,  will  reduce  the  formaldehyde  recovery 
by  3  to  4  per  cent.  Carbon  dioxide  liberated  by  partial 
hydrolysis  of  the  urea  will  produce  a  titration  error  un¬ 
less  methyl  red  or  an  indicator  of  the  same  pH  end  point 
is  used. 


Determination  of  Butanol.  Two  princi¬ 
pal  methods  are  available  for  the  determination 
of  alkoxyl  groups — the  Zeisel  method  (6,  8)  and 
the  dichromate  oxidation  method  ( 2 ),  a  modi¬ 
fication  of  which  was  employed  here.  The 
Zeisel  method  was  rejected,  as  it  did  not  appear 
to  be  suitable  for  the  quantitative  determina¬ 
tion  of  alcohols  having  as  high  a  molecular 
weight  as  butanol.  The  method  employed  in¬ 
volved  decomposition  of  the  resin  by  refluxing 
with  phosphoric  acid  and  m-phenylenediamine 
which  absorbed  the  liberated  formaldehyde; 
distillation  of  the  butanol,  followed  by  oxida¬ 
tion  with  sulfuric  acid  and  potassium  dichro¬ 
mate;  distillation  and  titration  of  the  resulting 
fatty  acids;  and,  finally,  a  correction  for  car¬ 
bon  dioxide.  This  method  should  apply  equally 
well  to  any  other  primary  aliphatic  monohy- 
dric  alcohols  used  as  modifiers,  as  it  is  based  on 
the  formation  of  one  mole  of  fatty  acid  from 
each  mole  of  alcohol. 

A  1.0-gram  sample  of  the  resin,  1.0  gram  of 
m-phenylenediamine,  and  a  piece  of  porous  tile 
were  placed  in  a  500-cc.  round-bottomed  flask. 
Twenty-five  cubic  centimeters  of  distilled  water 
and  25  cc.  of  85  per  cent  orthophosphoric  acid 
were  added,  and  the  flask  was  immediately  attached 
to  a  30-cm.  (12-inch)  spiral  reflux  condenser 
carrying  a  vapor  trap  (Figure  2)  at  its  top.  The 
mixture  was  refluxed  on  a  boiling  water  bath  for  1  hour,  after 
which  it  was  cooled  to  room  temperature.  The  water  trap  and 
condenser  were  carefully  washed  down  into  the  flask,  the  solu¬ 
tion  was  diluted  to  350  cc.  with  distilled  water,  and  the  flask  was 
connected  for  distillation  as  shown  in  Figure  3.  The  end  of  the 
adapter  was  sealed  by  placing 
a  few  cubic  centimeters  of  dis¬ 
tilled  water  in  the  bottom  of 
the  Kjeldahl  flask. 

The  solution  was  heated 
slowly  to  the  boiling  point  and 
200  cc.  of  dilute  butanol  distil¬ 
late  were  collected.  When  the 
distillation  had  been  com¬ 
pleted  the  condenser  and 
adapter  were  carefully  washed 
down  into  the  Kjeldahl  re¬ 
ceiver,  a  piece  of  porous  tile 
was  added,  and  the  Kjeldahl 
flask  was  connected  to  the 
spiral  reflux  condenser  by  a 
stopper  which  also  carried  a 
dropping  funnel.  The  top  of 
the  condenser  was  fitted  with 
a  vapor  trap.  About  100  cc. 
of  dichromate  oxidizing  solu¬ 
tion  were  added  through  the 

dropping  funnel  to  the  solution  in  the  Kjeldahl  flask.  The  oxi¬ 
dizing  solution  was  prepared  by  dissolving  100  grams  of  potas¬ 
sium  dichromate  in  900  cc.  of  distilled  water  and  adding  100  cc. 
of  concentrated  sulfuric  acid.  The  Kjeldahl  flask  was  then 
heated  on  a  water  bath,  the  bath  being  brought  to  the  boiling 
point  in  0.5  hour  and  kept  at  the  boiling  point  for  an  additional 
0.75  hour.  Following  this,  the  solution  was  cooled  to  room  tem¬ 
perature  and  the  apparatus  was  washed  down. 

The  Kjeldahl  flask  was  then  fitted  with  a  stopper  bearing  a 
gooseneck  and  a  dropping  funnel  and  was  connected  for  distilla¬ 
tion,  the  condensing  and  receiving  apparatus  being  the  same  as 
that  shown  in  Figure  1 .  The  end  of  the  adapter  was  sealed  with  a 
few  cubic  centimeters  of  distilled  water  and  the  distillation 
started.  The  solution  was  concentrated  to  about  400  cc.,  after 
which  its  volume  was  kept  constant  by  continuous  addition  of 
distilled  water  through  the  dropping  funnel.  Between  850  and 
900  cc.  of  distillate  were  collected.  The  condenser  and  adapter 
were  carefully  washed  down  into  the  Erlenmeyer  receiver  and  the 
distilled  fatty  acids  were  titrated  with  0.5  N  sodium  hydroxide, 
using  phenolphthalein  as  indicator. 

Carbon  dioxide  present  in  the  distillate  produces  an  error  in 
the  titration  which  was  corrected  for  by  a  determination  of  the 
carbonate  present.  The  determination  was  made  by  adding  ex¬ 
cess  0.5  N  sodium  hydroxide  to  the  titrated  distillate,  precipitat- 


334 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  6 


Preparation  of  Resin  Samples 

Four  different  resins  were  examined.  Resin 
A  was  a  n-butanol-modified  resin  prepared  by 
the  author.  Resins  B,  C,  and  D  were  com¬ 
mercially  available  products.  The  literature 
and  private  communications  indicated  that 
these  were  also  butanol-modified,  a  fact  which 
the  analyses  tend  to  corroborate.  All  the  resins 
were  in  the  form  of  solutions  of  50  to  60  per 
cent  solids  content. 

Three  samples,  subjected  to  different  degrees  of 
cure,  were  prepared  from  each  of  resins  A,  B,  and 
C;  from  resin  D,  which  was  added  later,  only  two 
samples  were  prepared.  The  first  set  of  samples 
(No.  1,  resins  A,  B,  and  C)  was  obtained  by  dry¬ 
ing  at  30°  C.  in  a  closed  cabinet  for  53  days. 
Clean,  filtered  air  was  blown  over  the  surfaces  of 
the  resins  contained  in  Petri  dishes.  The  second 
set  of  samples  (No.  2)  for  all  four  resins  was  oven- 
cured  at  120°  C.  for  6  hours.  The  third  set  (No. 
3)  for  all  four  resins  was  oven-cured  at  120°  C.  for 
26  hours.  The  lengthy  curing  time  for  the  second 
and  third  sets  of  samples  was  required  because  of 
the  thickness  of  the  samples  [approximately  0.3 
cm.  (0.125  inch)  for  the  cured  resins].  This  was 
due  to  the  necessity  of  having  sufficiently  large 
samples  for  analysis  and,  at  the  same  time,  using 
containers  that  would  fit  together  into  the  oven. 


ing  with  barium  chloride,  filtering  and  washing  in  a  Gooch  crucible, 


dioxide,  and  titrating  back  the  excess  hydrochloric 

acid. 

Table  I.  Precision 

of  Formaldehyde  and 

Butanol 

Determinations 

Substance 

Determined 

Sample 

Determined 

Recovery 

Gram 

Gram 

% 

Formaldehyde 

0.3399 

0.3421 

100.7 

0.4375 

0.4311 

98.5 

0.5350 

0 . 5403 

101.0 

Butanol 

0.3080 

0.3157 

102.5 

0.3257 

0.3248 

99.7 

0.3239 

0.3237 

99.9 

Several  observations 

may  be 

made  with  regard  to  this 

method  for  determining  butanol.  m-Phenylenediamine  was 
used  to  absorb  the  formaldehyde  after  it  was  found  that  the 
latter  was  not  completely  oxidized  to  carbon  dioxide,  the  por¬ 
tion  appearing  in  the  final  distillate  as  formic  acid  producing 
an  indeterminate  error  in  the  titration.  The  large  quantity 
of  distillate  (850  to  900  cc.)  taken  in  the  final  distillation  ap¬ 
pears  to  be  necessary  for  maximum  recovery.  The  ratio  of 
the  quantity  of  distillate  to  the  size  of  the  sample  appears  to 
have  a  considerable  bearing  on  the  efficiency  of  recovery. 
Thus,  for  850  cc.  of  distillate  the  normal  size  of  sample  is  1.0  to 
1.1  grams.  A  50  per  cent  increase  in  the  size  of  the  sample 
(1.5  grams)  produced  a  2  per  cent  drop  in  recovery.  Failure 
to  correct  for  carbon  dioxide  may  result  in  an  error  of  as  much 
as  15  per  cent. 


Precision  of  the  Methods 

Before  the  methods  for  determining  formaldehyde  and 
butanol  were  employed  for  analysis  of  resins  their  precision 
was  determined  by  running  control  tests.  These  tests  were 
made  on  U.  S.  P.  formaldehyde  solution  (36.07  per  cent  by 
weight)  and  technical  n-butanol  (99.87  per  cent  by  weight). 
In  each  of  these  control  tests  urea,  formaldehyde,  and  butanol 
were  present  in  approximately  the  same  proportions  as  they 
occurred  in  the  resins.  The  substance  being  determined 
(formaldehyde  or  butanol)  was  measured  out  accurately  from 
a  weight  pipet.  The  results  of  the  control  tests  are  shown  in 
Table  I. 


In  Table  II  the  residual  weights  of  the  samples,  after  dry¬ 
ing,  are  expressed  as  per  cent  by  weight  of  the  original  resin 
solutions.  Standard  films,  having  about  the  same  thickness 
and  degree  of  cure  as  ordinary  lacquer  or  varnish  films,  were 
prepared  from  each  resin  for  the  purpose  of  showing  compara¬ 
tively  the  extent  of  cure  of  the  analytical  samples.  The 
standard  films  were  obtained  by  diluting  10  grams  of  resin 
solution  with  5  grams  of  butanol,  weighing  2.5  grams  into  a 
8.75-cm.  (3.5-inch)  flat-bottomed  container,  and  curing  for  1 
hour  at  120°  C. 


Table  II.  Residual  Weights  of  Analytical  Samples  and 

Standards 


Sample 

Residual0  Weight 

Resin 

No. 

Sample 

Standard  film 

A 

1 

61.8 

59.0 

2 

58.1 

3 

55.4 

B 

1 

62.5 

62.1 

2 

63.7 

3 

57.8 

C 

1 

52.2 

52.7 

2 

49.8 

3 

46.3 

D 

2 

63.0 

63.8 

3 

61.7 

a  Per  cent  by  weight  of  original  resin  solutions. 

It  was  originally  intended  that  No.  1  samples  should  be 
dried  with  as  little  curing  as  possible,  but  this  objective  was 
not  realized.  No.  1  samples  were  dried  for  over  50  days  be¬ 
fore  they  approached  closely  to  a  constant  weight.  When 
they  were  removed  for  analysis  it  was  found  that  they  had 
cured  to  the  point  where  they  were  permanently  insoluble  in 
butanol.  The  prolonged  drying  was  occasioned  by  the  fact 
that  the  drying  curves  gave  no  indication  of  the  point  at 
which  the  free  solvent  had  been  removed.  In  the  case  of 
resin  B,  No.  1  was  actually  cured  further  than  No.  2. 


Analytical  Results 

The  resin  samples  after  curing  were  analyzed  by  the  meth¬ 
ods  previously  described.  The  results  are  shown  in  Table 

III. 
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The  sum  of  the  percentages  of  urea,  formaldehyde,  and 
butanol  is  greater  than  100  per  cent,  the  difference  (last 
column,  referred  to  as  the  water  of  reaction)  being  the  water 
split  out  during  the  formation  and  curing  of  the  resin  and 
added  again  to  the  separate  components  when  the  resin  was 
decomposed  during  analysis. 


Table  III.  Analytical  Results 

(Per  cent  by  weight  of  sample) 


Sample 
Resin  No. 

Urea 

Formal¬ 

dehyde 

Butanol 

Total 

Water  _  of 
Reaction 

A 

l 

37.3 

39.4 

37.0 

113.7 

13.7 

2 

40.2 

41.4 

37.6 

119.2 

19.2 

3 

42.5 

41.7 

32.8 

117.0 

17.0 

B 

1 

39.5 

42.8 

32.9 

115.2 

15.2 

2 

38.8 

42.4 

37.2 

118.4 

18.4 

3 

42.7 

41.1 

31.2 

115.0 

15.0 

C 

1 

43.5 

43.6 

27.3 

114.4 

14.4 

2 

45.4 

45 . 4 

27.9 

118.7 

18.7 

3 

49.2 

44.2 

25.2 

118.6 

18.6 

D 

2 

42.3 

44.7 

32.6 

119.6 

19.6 

3 

43.6 

45.5 

31.6 

120.7 

20.7 

In  order 

to  show  the 

effects  of  curing 

more 

clearly,  the 

ratios  of  formaldehyde  to  urea  (F/U)  and  of  butanol  to  urea 
(B/U)  are  given  as  both  weight  and  mole  ratios  in  Table  IV. 
The  ratio  of  water  of  reaction  to  urea  is  also  given  as  a  weight 
ratio.  The  results  for  each  resin  are  arranged  from  top  to 
bottom  in  order  of  increasing  cure,  as  indicated  by  decreases  in 
the  F/U  and  B/U  ratios. 


Table  IV.  Ratio  of  Components  to  Urea 


Resin 

Sample 

No. 

F/U 

—Weight  Ratio- 
B/U 

w/u' 

, — Mole 
F/U 

Ratio — > 
B/U 

A 

1 

1.06 

0.99 

0.37 

2.12 

0.80 

2 

1.03 

0.94 

0.48 

2.06 

0.76 

3 

0.98 

0.77 

0.40 

1.96 

0.62 

B 

2 

1.09 

0.96 

0.47 

2.18 

0.78 

1 

1.08 

0.83 

0.38 

2.16 

0.67 

3 

0.96 

0.73 

0.35 

1.92 

0.59 

C 

1 

1.00 

0.63 

0.33 

2.00 

0.51 

2 

1.00 

0.62 

0.41 

2.00 

0.50 

3 

0.90 

0.51 

0.38 

1.80 

0.41 

D 

2 

1.06 

0.77 

0.46 

2.12 

0.62 

3 

1.04 

0.72 

0.47 

2.08 

0.58 

For  resin  B  the  figures  show  that  No.  1  was  more  highly 
cured  than  No.  2,  corroborating  the  residual  weight  data 
given  for  these  samples  in  Table  II.  In  the  case  of  resin  C 
the  data  of  Tables  II  and  IV  appear  to  be  conflicting.  Table 
II  indicates  that  No.  2  was  more  highly  cured  than  No.  1, 
while  the  F/U  and  B/U  ratios  are  nearly  identical.  This  is 
accounted  for,  apparently,  by  the  fact  that  the  loss  consisted 
almost  entirely  of  water. 


Table  V.  Per  Cent  Loss  of  Formaldehyde  and  Butanol 

on  Curing 


Sample 

F  ormaldehyde 

Butanol 

Resin 

No. 

Loss 

Loss 

A® 

1-2 

2.8 

5.1 

1-3 

7.6 

22.2 

B6 

2-1 

0.9 

13.5 

2-3 

11.9 

24.0 

C« 

1-2 

0.0 

1.6 

1-3 

10.0 

19.1 

D» 

2-3 

1.9 

6.5 

°  Per  cent  of  content  of  No.  1. 
4  Per  cent  of  content  of  No.  2. 


The  losses  of  formaldehyde  and  butanol,  expressed  as  per¬ 
centages  of  the  formaldehyde  or  butanol  content  of  the  sample 
having  the  lowest  degree  of  cure,  show  the  effect  of  curing 
even  more  markedly  than  does  Table  IV.  Thus,  the  loss 
when  resin  A  was  cured  from  the  stage  represented  by  No.  1 
to  that  represented  by  No.  2  was: 

Formaldehyde  -1  ^  03  X  100  =  2.83% 


Butanol  °'"0  99°'9^  X  100  =  5.05% 
Losses  expressed  in  this  manner  are  given  in  Table  V. 


Examination  of  Data 

Despite  the  possible  effect  of  accumulative  errors,  it  was 
possible  to  get  a  reasonable  correlation  between  the  loss  in 
weight  on  curing  as  calculated  from  the  residual  weight  data  of 
Table  II  and  the  loss  as  calculated  from  the  analytical  data  of 
Table  IV.  The  decrease  in  residual  weight  between  two  suc¬ 
cessive  samples  divided  by  the  per  cent  of  urea  in  the  original 
resin  solution  gives  the  loss  of  weight  per  gram  of  urea.  The 
weight  losses  thus  determined  are  shown  in  Table  VL  (last 
column)-  The  algebraic  sum  of  the  differences  in  the  F/U, 
B/U,  and  W/U  ratios  for  two  successive  samples  also  gives 
the  curing  loss  per  gram  of  urea.  The  total  net  losses  calcu¬ 
lated  by  this  latter  method  are  shown  in  Table  VI  (sixth 
column).  The  losses  obtained  by  the  two  methods  are  in  fair 
agreement. 


Table  VI.  Change  in  Losses  on  Curing 


Grams  per  gram  of  urea 


Resin 

Sample 

No. 

A  (F/U) 

A(B/U) 

A(W/U) 

Total 

Net 

Loss 

Loss  Calcd. 
from 
Residual 
Weight 

A 

1-2 

0.03 

0.05 

0.11 

0.19 

0.16 

2-3 

0.05 

0.17 

-0.08 

0.14 

0.12 

B 

2-1 

0.01 

0.13 

-0.09 

0.05 

0.05 

1-3 

0.12 

0.10 

-0.03 

0.19 

0.19 

C 

1-2 

0.00 

0.01 

0.08 

0.09 

0.11 

2-3 

0.10 

0.11 

-0.03 

0.18 

0.15 

D 

2-3 

0.02 

0.05 

0.01 

0.08 

0.05 

The  negative  values  for  the  changes  in  the  W/U  ratios  are 
difficult  to  account  for.  As  previously  explained,  the  W/U 
ratio  for  any  sample  represents  the  total  amount  of  water 
split  out  while  the  sample  was  being  formed  from  its  individual 
components.  A  negative  value  of  A  (W/U)  indicates  one  of 
three  possibilities — that  water  was  taken  up  during  the  curing 
process;  that  the  curing  process  took  place  in  an  essentially 
different  manner  for  the  two  samples  involved;  or  that  nega¬ 
tive  values  are  due  to  the  effect  of  accumulative  errors. 

Examination  of  the  data  in  Table  VI  shows  that  the  form¬ 
aldehyde  and  butanol  losses  increase  as  curing  proceeds. 
The  occurrence  of  negative  values  makes  it  impossible  to  say 
anything  definite  about  the  loss  of  water.  However,  in  the 
case  of  resins  A  and  C,  the  data  suggest  a  decrease  in  water 
loss  as  curing  progresses.  In  general,  the  data  suggest  that 
water  comprises  a  large  part,  if  not  a  major  part,  of  the  loss 
during  the  early  stages  of  the  curing;  while  during  the  latter 
stages  losses  of  formaldehyde  and  butanol  predominate. 

Any  attempt  to  examine  into  the  structure  of  the  resins  on 
the  basis  of  the  knowledge  available  here  is  handicapped  by 
three  factors:  (1)  The  possibility  that  the  resins  are  not  char¬ 
acterized  by  any  particular  type  of  structure,  but  are  mixtures 
of  two  or  more  types.  In  such  a  case  the  analyses  would  give 
only  the  average  composition,  which  consequently  might  not 
be  characteristic  of  any  of  the  structures  present.  (2)  Lack  of 
knowledge  of  the  relative  number  of  methylene  and  methylol 
groups  makes  it  difficult  to  select  the  most  probable  from  the 
various  possible  structures.  (3)  The  tremendous  possibilities 
of  isomerism  introduce  further  complications. 

The  average  molar  composition  of  the  resins  as  given  by  the 
data  of  Table  IV  is: 


F/U  =  2.0  B/U  =  0.62 

These  figures  do  not  impose  any  limitations  as  to  the  types 
of  structure  which  are  possible.  Thus  it  is  possible  to  have 
simple  chains  as  indicated  on  the  following  page. 
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— N— CH; 

I 

c=o 


NH 

I 

ch2oh 


-N — CH2 - N — CH2 - N — CH2 — N — CH2 - N — CH2 - N — CH2 — N — CH2 — 

c=o  i=o  c=o  A=o  c=o  c=o  c=o 

I  I  I  I  I  I  I 

NH  NH  NH  NH  NH  NH  NH 

ch2oc4h9  ch2oc4h9  ch2oh  ch2oc4h9  ch2oc4h9  Ah2oh  cii2oc4h9 

(a)  F/U  =  2.0  B/U  =  0.62 


or  ring  chains 

— N — CH2 — N — CH2 N — CH2 — N — CH2 — N — CII2 - N — CH2 — N — CH2 - N — CH2 — 

A=o  c=o  i=o  c=o  A=o  c=o  c=o  i=o 

I  I  I  I  I  II  I 

HN— CH2— N  NH  HN— CH2— N  NH  HN — CH2 — N 

II  II  I 

ch2oc4h9  ch2oc4h9  ch2oc4h9  ch2oc4h9  ch2oc4h9 

(b)  F/U  =  2.0  B/U  =  0.63 


or  three-dimensional  branched  molecules 


the  relative  dimensions  of  the  molecule,  may  also  be  calcu¬ 
lated. 


— N— CHj— 

I 

C=0 

I 

— N — CH2 — N — CH2 — N — CH2OC4H9 

I  I 

c=o  c=o 

I  I 

-N — CH2 — N — CH2 — N — CH2 — N — CH2OC4H9 

<u 


c=o 


-N — CH2 — N — CH2 — N — CH2 — N — CH2OC4H9 

c=o  c=o 


B- 

B- 

B- 


B-N— B 

- j - -j 

-N— N-N-rB 


-N— N— N- 


-B 

-B 


-N— N— N- 

■~l" - 

B-N  N-B 


B 


B 


fe) 


— N — CH2 — N — CH2 — N — CH2OC4H9 

I 

c=o 

I 

— N — CH2OC4H9 
(c)  F/U  =  2.0  B/U  =  0.63 


Other  types  of  three-dimensional  molecules,  having  less 
frequent  branching,  are  also  possible.  One  of  these  is  illus¬ 
trated  by  Formula/.  Because  of  the  relatively  larger  number 
of  positions  available  for  butoxyl  groups,  this  type  would  per¬ 
mit  greater  variations  in  molecular  weight  and  structure. 


Examination  of  the  foregoing  formulas  shows  that  the  com¬ 
position  does  impose  some  structural  limitations  in  the  case  of 
the  ring-chain  and  branched  types.  Thus  in  the  ring-chain 
type,  the  length  of  the  individual  rings  is  limited  by  the 
butanol  content.  Rings  such  as 


CH2 

O 

II 

N — C — N — CH2OC4H9 

ch2 


— N— CH; 

i-o 


■N— CH; 

I 

c=o 


-N — CH2 — N — CH; 
C=0  A=0 


CiHsOCH,— NH  NH 

A=0  C=0 


HN — CHj— N — CH2 — N — CH2 — N — CH2OC4H9 


(d)  B/U  =  0.25 


— N — CH2 — N — CH2 — N — CH2 — N— CH2 — N — CH2 — 

c=o  A=0  A=0 


can  exist  only  in  small  numbers  if  at  all;  while  rings  of  more 
than  four  urea  residues  in  length  are  still  less  probable. 
Again,  it  is  interesting  to  note  that  the  molecular  weights  of 
closely  branched  molecules  (Formulas  c  and  e )  are  dependent 
upon  the  B/U  ratio,  the  degree  of  butanol  saturation,  and  the 
shape  of  the  molecule.  This  is  due  to  the  fact  that  the  bu¬ 
toxyl  groups  can  be  located  only  at  the  extremities  of  the  mole¬ 
cule  and  that,  consequently,  the  B/U  ratio  decreases  as  the 
molecule  grows.  If  the  shape  of  the  molecule  and  the  degree 
of  butanol  saturation  were  known,  it  would  be  possible  to  cal¬ 
culate  the  molecular  weight  from  the  B/U  ratio.  Thus, 
Formula  e  shows,  in  skeleton  form,  a  saturated  molecule  whose 
projected  shape  is  a  square. 

For  such  a  molecule  a  B/U  ratio  of  0.62  requires  a  molecu¬ 
lar  weight  of  slightly  more  than  10,000.  For  other  rectangu¬ 
lar  shapes  the  molecular  weights,  which  are  dependent  upon 


NH 


C4H9OCH2 — NH 


NH 


ch2 

ch2 

1  H 

1  H 

N — C — N — CH2OC4H9 

1  II 

N— C— N-< 
1  11 

A 

II 

1  0 

ch2 

1 

ch2 

1 

1 

(/)  F/U  =  2.0 

l 

B/U  =  0.63 

Summary  and  Conclusions 

Existing  methods  for  the  determination  of  formaldehyde 
and  butanol  have  been  modified  in  order  to  apply  them  to  the 
analysis  of  urea  coating  resins.  Although  the  methods  were 
used  only  on  resins  containing  formaldehyde  and  butanol, 
they  should  prove  satisfactory  for  any  aldehydes  or  primary 
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aliphatic  monohydric  alcohols  liable  to  be  used  in  this  type 
of  resin.  Control  tests  indicated  a  precision  of  about  1  part 
per  100. 

Several  different  urea  resins  were  examined.  Three 
samples  of  each  resin,  representing  different  degrees  of  cure, 
were  analyzed. 

The  analyses  were  sufficiently  accurate  to  show  losses  of 
formaldehyde  and  butanol  on  curing,  but  not  to  permit  cal¬ 
culation  of  the  water  loss  or  of  the  number  of  methylene 
and  methylol  groups. 

During  the  earlier  stages  curing  appears  to  proceed  chiefly 
through  loss  of  water,  although  formaldehyde  and  butanol 
are  also  lost.  In  the  latter  stages  of  curing,  butanol  and  form¬ 
aldehyde  are  the  principal  losses. 

The  magnitude  of  the  losses  varies  considerably  for  different 
resins  subjected  to  the  same  curing  conditions.  The  loss  of 
butanol  is  generally  greater  than  that  of  formaldehyde  but, 
otherwise,  there  appears  to  be  no  particular  relation  between 
the  two  losses. 

Despite  the  considerable  losses,  the  butanol  content  of 
highly  cured  resins  remains  surprisingly  large  (25  to  32  per 
cent  of  the  cured  resin). 

The  analytical  results  provided  very  little  information  re¬ 
garding  the  structure  of  the  resin  molecules.  A  further 


knowledge  of  molecular  structure  would  seem  to  depend 
largely  on  obtaining  methods  for  quantitatively  distinguishing 
methylene  from  methylol  groups. 

Acknowledgmen  t 

The  author  is  indebted  to  George  Barsky  and  Frank  A. 
Strauss  for  their  many  helpful  suggestions  and  for  permission 
to  publish. 

Literature  Cited 

(1)  Assoc.  Official  Agr.  Chem.,  Official  and  Tentative  Methods  of 

Analysis,  3rd  ed.,  p.  11,  1930. 

(2)  Ibid.,  p.  145  (method  for  fusel  oil). 

(3)  Cheetham,  H.  C„  Paint,  Oil  Chem.  Rev.,  99,  No.  12,  42,  44  (June 

10,  1937). 

(4)  Ellis,  C.,  “Chemistry  of  Synthetic  Resins”,  Vol.  I,  pp.  576-87, 

New  York,  Reinhold  Publishing  Corp.,  1935. 

(5)  Hodgins,  T.  S.,  and  Hovey,  A.  G.,  Ind.  Eng.  Chem.,  30,  1021-9 

(1938). 

(6)  Kamm,  O.,  “Qualitative  Organic  Analysis”,  2nd  ed.,  pp.  206-8, 

New  York,  John  Wiley  &  Sons,  1932. 

(7)  Walter,  G.,  “Phenomena  of  Polymerization  and  Condensation”, 

pp.  377-95,  London,  Gurney  and  Jackson,  1935  (reprint  from 
Trans.  Faraday  Soc.) . 

(8)  Zeisel,  J.  Chem.  Soc.,  81,  318  (1902);  115,  193  (1919). 

Presented  before  the  Division  of  Paint  and  Varnish  Chemistry  at  the  98th 
Meeting  of  the  American  Chemical  Society,  Boston,  Mass. 


Effect  of  Certain  Carbohydrates  on  the 
Determination  of  Carotene 

E.  J.  LEASE  AND  J.  H.  MITCHELL,  South  Carolina  Agricultural  Experiment  Station,  Clemson,  S.  C 


SOME  commonly  used  methods  for  the  determination  of 
carotene  in  forages,  feeds,  foodstuffs,  and  plant  tissue 
involve  the  use  of  alcoholic  potassium  hydroxide  as  an  ex¬ 
traction  medium  ( 1-4 ,  7).  Guilbert  (S)  pointed  out  the 
obvious  advantages  of  this  technique,  which  has  been  used 
with  apparent  success  by  many  workers.  In  the  course  of 
investigations  on  the  vitamin  A  value  of  the  sweet  potato 
( Ipomoea  batatas ),  attempts  were  made  to  determine  the 
carotene  content  of  the  Porto  Rico  variety  after  cooking,  by 
methods  involving  initial  extraction  with  alcoholic  potassium 
hydroxide.  Practically  no  carotene  was  detected  in  cooked 
sweet  potatoes  by  these  methods,  although  biological  studies 
with  the  rat  indicated  that  these  sweet  potatoes  were  potent 
sources  of  provitamin  A,  whether  raw  or  cooked. 

In  many  instances  the  use  of  potassium  hydroxide  facilitates 
disintegration  of  the  tissue  and  liberates  the  pigments 
{1-5,  7-9) ;  in  some  methods  not  involving  the  initial  use  of 
potassium  hydroxide,  drastic  or  tedious  measures  are  needed 
to  free  the  pigments  from  the  plant  tissue  ( 6 ,  10-13).  The. 
advantages  and  disadvantages  of  some  of  these  methods  are 
summarized  by  Munsey  {6).  With  the  sweet  potato,  how¬ 
ever,  these  difficulties  are  not  encountered  nor  are  other 
pigments  a  complication;  thus,  although  alcoholic  potassium 
hydroxide  does  not  remove  carotene  completely  from  the 
cooked  sweet  potato,  the  carotene  is  readily  extracted  by 
boiling  95  per  cent  ethanol.  The  difficulty  which  is  en¬ 
countered  in  removing  the  carotene  of  cooked  sweet  potato 
and  of  certain  other  vegetables  seemed  to  be  due  to  interfering 
substances  formed  during  the  cooking  process.  The  nature 
of  these  substances  and  their  possible  action  are  here  dis¬ 
cussed. 


The  carotene  content  of  raw  Porto  Rico  sweet  potatoes, 
when  analyzed  by  methods  involving  the  use  of  alcoholic 
potassium  hydroxide  {2,  3,  7),  was  found  to  average  124 
micrograms  per  gram  of  dry  matter.  Portions  of  these  same 
potatoes,  when  boiled  for  30  minutes  or  baked  at  205°  C.  for 
30  minutes  and  analyzed  by  the  same  methods,  yielded  prac¬ 
tically  no  carotene  (Table  I).  During  the  refluxing  of  the 
cooked  sweet  potato  with  alcoholic  potassium  hydroxide  the 
solution  became  light  yellow  and  outward  appearance  in¬ 
dicated  that  carotene  was  being  extracted  from  the  sample. 
The  solution  darkened  as  refluxing  continued  and  at  the  end 
of  the  30-minute  refluxing  period,  some  samples  were  yellow- 
orange  while  others  were  black.  These  pigments  were  all 
found  to  be  water-soluble;  no  carotene  was  evident.  When 
this  procedure  was  repeated,  omitting  the  potassium  hy¬ 
droxide,  darkening  did  not  occur  and  carotene  was  completely 
extracted  from  cooked  or  raw  sweet  potato  (Table  I).  Read¬ 
ings  were  made  photoelectrically  and  checked  colorimetri- 
cally.  No  appreciable  amount  of  pigments  was  removed  from 
the  petroleum  ether  solution  by  92  per  cent  methanol,  indicat¬ 
ing  an  absence  of  xanthophylls. 

Most  of  the  dry  matter  of  raw  sweet  potato  is  starch  and 
cooked  sweet  potatoes  contain  large  amounts  of  reducing 
sugars.  It  seemed  probable  that  the  darkening  in  color  was 
due  to  polymerization  by  the  potassium  hydroxide  with  sub¬ 
sequent  interference  with  carotene  determination,  and  experi¬ 
ments  to  clarify  this  point  were  undertaken. 

Interfering  Substances 

After  the  cooked  sweet  potato  had  been  thoroughly  leached 
with  water  to  remove  soluble  carbohydrates,  almost  all  the 
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Table  I.  Carotene  Extracted  by  Alcoholic  Potassium 
Hydroxide  Procedures 


(Calculated  to  moisture-free  basis) 


Carotene 

Carotene 

Extracted 

Extracted 

by  95% 

by  KOH 

Sample 

Ethanol 

Procedures 

Micrograms 
per  gram 

% 

Raw  sweet  potato 

130 

124 

95.4 

Boiled  sweet  potato 

130 

5 

3.8 

Baked  sweet  potato 

130 

2 

1 . 5 

Baked  sweet  potato,  refluxed  with 
^  alcoholic  KOH,  then  water,  and  ex¬ 
tracted 

130 

130 

100 

Stored  sweet  potato 

5°  C.  for  4  months 

127 

83 

65 . 3 

37°  C.  for  4  months 

124 

25 

20.1 

Water-extracted  cooked  sweet  potato, 
residue 

154 

153 

99.4 

Water-extracted  cooked  sweet  potato 
after  incorporating: 

Glucose 

52 

25 

48.1 

Fructose 

49 

26 

53.1 

Dextrinized  starch 

77 

0.5 

0.6 

Maltose 

95 

50 

52.6 

Sucrose 

35 

20 

57.1 

Cooked  carrot 

302.5 

100.9 

33.3 

Alfalfa  hay 

32 

32 

100 

Lespedeza  hay 

34 

33.8 

99.4 

Fresh  mixed  grasses 

41 

40.1 

97.8 

Squash  (summer,  yellow),  surface 
layer  only 

Raw 

15 

4 

26.6 

Cooked 

13 

4 

30.8 

Pumpkin  (canned) 

92.6 

77.2 

83.4 

carotene  was  readily  extracted  from  the  residue  with  alcoholic 
potassium  hydroxide  (Table  I).  Practically  none  of  the 
carotene  was  extractable  after  thorough  incorporation  of  the 
evaporated  leachings  with  the  residue,  accomplished  by  placing 
a  mixture  of  the  residue  and  evaporated  (sirup  stage)  leachings 
under  alternate  vacuum  and  pressure,  and  finally  removing 
the  excess  moisture  by  a  fan  at  room  temperature. 

The  residue  of  the  water-extracted  cooked  sweet  potatoes 
was  incorporated  with  known  compounds  to  see  whether  they 
would  render  the  carotene  unextractable  by  alcoholic  potas¬ 
sium  hydroxide.  Equal  weights  of  sweet  potato  starch  and 
extracted  boiled  sweet  potato  residue  were  mixed,  moistened, 
and  autoclaved  to  dextrinize  the  starch,  and  after  partial  dry¬ 
ing  the  mixture  was  treated  with  alcoholic  potassium  hy¬ 
droxide.  It  was  found  impossible  to  extract  more  than  a 
trace  of  the  carotene  present  in  the  mixture  (Table  I).  Glu¬ 
cose,  maltose,  or  fructose  when  incorporated  as  described 
above  prevented  the  extraction  of  more  than  half  of  the  caro¬ 
tene  contained  in  the  mixture  (Table  I). 

Action  of  Interfering  Substances.  At  first  it  was 
thought  that  some  of  the  polymerized  carbohydrates  reacted 
with  or  adsorbed  the  carotene  from  solution.  However, 
when  an  alcoholic  potassium  hydroxide  solution  of  crystalline 
carotene  was  refluxed  with  glucose,  fructose,  maltose,  or  a 
water  extract  of  cooked  sweet  potato,  the  carotene  was  found 
to  be  readily  available  for  determination.  When  a  solution 
of  carotene  in  oil  was  refluxed  with  a  mixture  of  alcoholic 
potassium  hydroxide  and  cooked  sweet  potato,  the  added 
carotene  was  neither  removed  from  the  solution  nor  de¬ 
stroyed.  It  thus  became  apparent  that  the  difficulty  lay  in 
the  initial  extraction  of  carotene  from  the  cooked  sweet  potato 
rather  than  in  any  subsequent  adsorptive  or  destructive  action 
of  the  polymers. 

When  treated  with  alcoholic  potassium  hydroxide,  the 
tissue  of  raw  sweet  potato  disintegrated  into  shreds  in  a 
normal  fashion,  whereas  cooked  sweet  potato  became  gummy, 
lumpy,  and  resinous.  Since  the  bulk  of  the  dry  matter  of 
raw  sweet  potato  is  starch,  it  seemed  probable  that  the  hy¬ 
drolytic  products  of  starch,  formed  on  cooking,  reacted  with 
potassium  hydroxide  to  form  resins,  binding  the  carotene 
mechanically.  This  resinous  film  held  the  carotene  particles 
so  tightly  that  it  prevented  their  extraction  with  cold  or 
boiling  95  per  cent  ethanol,  ethyl  ether,  petroleum  ether,  or 


acetone.  This  resinous  matter  could  be  dissolved,  however, 
by  boiling  the  sweet  potato  for  5  minutes  with  three  volumes 
of  water.  The  carotene  was  then  readily  extracted  by  fat 
solvents  and  its  determination  could  proceed  as  usual. 

Results  with  Other  Foodstuffs 

Some  of  the  carotene  of  certain  other  foodstuffs  and  of  raw 
sweet  potatoes  stored  under  certain  conditions  was  also 
resistant  to  extraction  following  treatment  with  alcoholic 
potassium  hydroxide  (Table  I).  Certain  samples  of  cooked 
carrot  also  possessed  carotene  which  was  not  extracted  by 
alcoholic  potassium  hydroxide.  The  carotene  of  raw  or 
cooked  summer  squash,  although  readily  extracted  with 
ethanol,  was  difficult  to  extract  with  alcoholic  potassium  hy¬ 
droxide,  although  the  xanthophyll  was  readily  extracted.  The 
pigments  of  canned  pumpkin  could  be  extracted  fairly  well 
with  alcoholic  potassium  hydroxide,  but  were  much  more 
readily  extracted  with  alcohol. 

For  many  food  materials,  including  fresh  raw  sweet  potato, 
methods  involving  extraction  with  alcoholic  potassium  hy¬ 
droxide  are  satisfactory.  However,  since  there  is  a  tendency 
to  increase  the  carotene  content  of  feeds  by  adding  concen¬ 
trated  carotene  preparations  such  as  dehydrated  sweet  potato, 
the  importance  of  a  suitable  extraction  method  for  all  types 
of  tissue  is  obvious.  If  alcoholic  potassium  hydroxide  is  used, 
an  added  precaution  is  recommended:  boiling  the  residue 
(which  is  supposed  to  be  carotene-free  after  treatment  with 
alcoholic  potassium  hydroxide)  with  water,  and  subsequently 
extracting  with  ether  and  alcohol.  This  checkup  may  show 
that  large  amounts  of  carotene  remain  unextracted. 

Summary 

Methods  involving  the  use  of  alcoholic  potassium  hydroxide 
were  found  inapplicable  to  cooked  sweet  potatoes,  stored  raw 
sweet  potatoes,  and  certain  other  cooked  vegetables  because 
subsequent  extraction  of  carotene  was  incomplete. 

Apparently  polymerization  of  carbohydrate  by  the  alkali, 
forming  a  resinous  film,  rendered  the  carotene  unextractable 
by  cold  or  boiling  95  per  cent  ethanol,  ether,  acetone,  or  petro¬ 
leum  ether. 

In  samples  containing  large  amounts  of  carbohydrate, 
carotene  may  be  determined  by  extraction  with  ethanol;  if 
alcoholic  potassium  hydroxide  is  used,  the  material  should  be 
subsequently  boiled  with  water  to  dissolve  the  resins  before 
extraction  of  the  carotene  by  fat  solvents. 
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Cerate  Oxidimetry 

Preparation  and  Stability  of  Solutions 

G.  FREDERICK  SMITH  AND  C.  A.  GETZ 
University  of  Illinois,  Urbana,  Ill. 


A  DISTINCT  advantage  in  using  tetra  valent  cerium  in 
volumetric  analysis,  rather  than  permanganate,  with 
which  it  compares  favorably  in  the  number  of  practical 
applications,  is  the  fact  that  its  sulfate  solutions  are  com¬ 
pletely  stable  during  long  storage  and  are  stable  at  the  boiling 
temperature  for  considerable  periods  of  time.  Moreover, 
hydrochloric  acid  in  moderate  concentrations  is  not  a  com¬ 
plicating  factor,  as  in  the  case  of  permanganate.  The  fact 
that  permanganate  serves  as  its  own  indicator  while  the 
tetravalent  cerium  does  not  is  no  disadvantage,  since  the  high 
potential  indicator,  ferroin,  has  come  into  wide  use. 

Cerium  in  volumetric  analysis  has  one  disadvantage  as 
compared  to  permanganate.  The  oxidation  potential  of  the 
system  Ce++++  +  e  —  Ce+++  in  molar  sulfuric  acid  is  1.44 
volts,  whereas  that  of  the  couple  Mn04-  +  5e  +  8H+  = 
Mn++  +  4H20  is  1.52  volts.  The  former  system  in  hydro¬ 
chloric  acid  medium  has  a  potential  of  1.28  volts.  This  fact, 
which  places  such  reactions  on  a  par  only  with  dichromate 
reactions  as  to  oxidation  potential,  is  not  sufficiently  recog¬ 
nized. 

The  use  of  tetravalent  cerium  in  nitric  and  perchloric  acid 
solution  provides  the  potentials  1.61  and  1.70  volts,  respec¬ 
tively,  for  the  system  Ce++++  +  e  =  Ce+++.  At  these  po¬ 
tentials  such  solutions  extend  the  field  of  possible  analytical 
applications.  Standard  solutions  of  tetravalent  cerium  would 
be  expected  to  undergo  change  as  a  result  of  the  slow  forma¬ 
tion  of  oxygen,  owing  to  the  reaction  of  the  couple,  02  + 
4e  +  4H+  =  H20,  the  potential  of  which  is  approximately  1.2 
volts. 

It  is  the  purpose  of  the  present  study  to  determine  the  mag¬ 
nitude  of  the  last-mentioned  effect. 

Previous  Studies 

The  most  recent  summary  of  published  data  in  the  use  of 
tetravalent  cerium  in  volumetric  analysis  has  been  given  by 
Furman  ( 1 ),  who  presents  a  general  review  of  the  subject 
and  an  extensive  bibliography. 


Ceric  oxide,  Ce02,  anhydrous  ceric  sulfate,  Ce(S04)2,  and  the 
so-called  double  sulfate,  Ce(S04)2.2(NH4)2S04.2H20,  originally 
served  as  materials  for  the  preparation  of  solutions  for  use  in 
analysis.  The  use  of  the  complex  salt  hexanitrato  ammonium 
cerate,  (NH4)2Ce(N03)6,  was  proposed  by  Smith,  Sullivan,  and 
Frank  ( 6 ).  The  corresponding  potassium  salt,  K2Ce(JNU3)e, 
may  be  similarly  employed.  The  electrolytic  oxidation  of  cerous 
sulfate,  nitrate,  and  perchlorate  to  form  the  complex  acids  H2Ce- 
(S04)3,  H2Ce(N03)e,  and  H2Ce(C104)6  by  an  improved  procedure 
not  requiring  the  use  of  a  diaphragm  cell  was  described  by  Smith, 
Frank,  and  Kott  (3).  The  potential  relationships  of  the  couple 
Ce++++  4-  e  =  Ce+++  in  hydrochloric,  sulfuric,  nitric,  and 
perchloric  acids  were  studied  by  Smith  and  Getz  (4),  who  de¬ 
veloped  a  cerate-ion  concept.  Improved  procedures  in  the  stand¬ 
ardization  of  the  nitrato  and  perchlorato  cerate  anion,  using 
sodium  oxalate  and  arsenious  oxide  as  reference  standards,  were 
described  by  Smith  and  Getz  (5),  who  used  nitro-ferroin  for  the 
first  time  as  indicator  in  this  work. 

Preparation  and  Materials 

Hexanitrato  ammonium  cerate,  (NH4)2Ce(N03)6,  was  pre¬ 
pared  as  previously  described  (5).  Salts  of  two  different  types 
were  employed:  a  pure  grade,  98  to  100  per  cent,  and  an  impure 
grade,  90  to  95  per  cent.  Hexanitrato  potassium  cerate  was 
similarly  prepared,  using  potassium  nitrate  in  place  of  ammonium 

Solutions  of  perchlorato  ceric  acid,  H2Ce(C104)6,  in  perchloric 
acid  were  prepared  by  electrolytic  oxidation  of  pure  cerous 
perchlorate  (2).  The  cerous  perchlorate  was  completely  oxidized 
before  use. 

Solutions  of  pure  cerous  nitrate  in  nitric  acid  were  completely 
oxidized  electrolytically  to  nitrato  ceric  acid,  H2Ce(N03)6,  by  the 
method  of  Hengstenberger  (2). 

Preparation  and  Standardization  of  Solutions 

Solutions  were  all  standardized  using  Bureau  of  Standards 
sodium  oxalate  and  arsenious  oxide,  as  well  as  ferrous  sulfate 
that  had  been  standardized  indirectly  with  sodium  oxalate 
and  sulfato  cerate  solution,  using  ferroin  as  indicator  in  all 
cases.  The  methods  have  been  described  in  detail  by  Smith 
and  Getz  (5).  The  solutions  tested  for  stability  in  storage  are 
described  in  Table  I. 

Variation  in  Solution  Normality 
with  Time  of  Storage 

Data  showing  the  change  in  normality 
with  time  for  ten  solutions  prepared  as 
shown  in  Table  I  are  given  in  Table  II. 
Some  solutions  studied  are  omitted  to  con¬ 
serve  space.  The  solutions  omitted,  all  of 
which  were  acidified  with  perchloric  acid 
from  1  to  8  N  in  strength,  were  increasingly 
less  stable  in  the  following  order:  1 1,  12,  13, 
14,  15,  16,  17,  and  18. 

Discussion  of  Results 

Of  the  seven  most  stable  solutions  five 
were  stored  in  the  dark,  which  indicates 
that  decomposition  is  in  part  a  photo¬ 
chemical  reaction.  The  most  stable  solu¬ 
tion  consisted  of  purified  hexanitrato  am¬ 
monium  cerate  in  2  N  perchloric  acid.  For 
change  in  normality  of  1  part  in  10,000, 
10  days’  storage  time  is  required. 


Table  I.  Composition  and  Standardization  Values  of 
Nitrato  and  Perchlorato  Cerate  Solutions 


(Solutions  numbered  in  the  order  of  their  stability) 


Solu¬ 

tion 

Starting 

Acid 

Standard 

Purity  of 
Starting 

Type  of 

Dura¬ 

tion 

of 

No. 

Material 

Concentration 

Factor 

Material 

Storage 

Test 

1 

(NH4)2Ce(NOs)6 

2.0  N  HC104 

0.1008 

Purified 

Dark 

Days 

235 

2 

(NH()iCe(NOj)« 

3.0  N  HNOs 

0.05147 

Commercial 

Dark 

183 

3 

(NH4)2Ce(NOs)6 

1.4  N  HNOs 

0.07082 

Purified 

Dark 

237 

4 

(NH»)2Ce(N03)6 

1.0  N  HC104 

0.08406 

Commercial 

Diffused  daylight 

246 

5 

(NH4)2Ce(NOs)6 

1.4  N  HNOs 

0.07020 

Commercial 

Diffused  daylight 

237 

6 

(NH4)2Ce(NOs)e 

1.0  N  HNOs 

0.05333 

Purified 

Dark 

179 

7 

H2Ce(C104)e 

3.0  N  HC104 

0.05642 

Purified 

Dark 

167 

8 

K2Ce(N03)6  + 
(NH4)2Ce(NOs)« 

1.0  N  HC104 

0.04274 

Commercial 

Dark 

181 

9 

(NH4)2Ce(NOs)# 

1.4  N  HNO3 

0.007143 

Purified 

Dark 

241 

10 

(NH4)2Ce(N03)8 

2.0  N  HC104 

0.01132 

Purified 

Dark 

242 

11 

(NH4)2Ce(N03)e 

1.4  N  HNO3 

0.007351 

Purified 

Diffused  daylight 

242 

12 

H2Ce(C104)8 

4.0  N  HC104 

0.09700 

Commercial 

Dark 

17 

13 

H2Ce(C104>6 

8.0  N  HC104 

0.05439 

Purified 

Dark 

183 

14 

(NH.hCefNOs). 

2.0  N  HC104 

0.01039 

Purified 

Diffused  daylight 

243 

15 

H2Ce(C104)4 

1.0  N  HC104 

0.05624 

Purified 

Dark 

171 

16 

(NH4)2Ce(N03)« 

1.0  N  HC104 

0.009081 

Commercial 

Diffused  daylight 

95 

17 

(NH4)2Ce(NC>3)6 

2.0  N  HC104 

0.09540 

Purified 

Diffused  daylight 

236 

18 

H2Ce(C104)t 

8.0  N  HC104 

0.04188 

Purified 

Diffused  daylight 

115 

Dura¬ 

tion 

of 

Test 

Days 

235 
183 
237 
246 
237 
179 
167 

181 

241 

242 

242 
17 

183 

243 
171 

95 

236 
115 


339 


340 
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Table  II.  Variation  in  Solution  Normality  during  Storage  for  Extended  Time  Periods 


Solution 

No. 

Time 

Normality 

Total 
Change  in 
Normality 

i 

Days 

0 

0.10080 

19 

0.10050 

0.00030 

85 

0.09985 

0.00095 

134 

0.09961 

0.00119 

235 

0.09874 

0.00206 

2 

0 

0.05147 

30 

0.05110 

0.00037 

78 

0.05103 

0.00044 

183 

0.05048 

0.00099 

3 

0 

0.07082 

18 

0.07050 

0.00032 

87 

0.06974 

0.00108 

134 

0.06958 

0.00124 

237 

0.06850 

0.00232 

4 

0 

0.08406 

20 

0.08363 

0.00043 

52 

0.08313 

0.00093 

94 

0.08250 

0.00156 

143 

0.08187 

0.00219 

246 

0.07958 

0.00448 

5 

0 

0.07020 

18 

0.06996 

0.00034 

87 

0.06971 

0.00049 

Av.  Change 

Solution 

Change 

per  Day 

No. 

Time 

% 

% 

Days 

5  ( cant'd ) 

134 

0^30 

0.94 

o!  oi6 

0.011 

237 

1.18 

0.008 

6 

0 

2.04 

0.008 

27 

75 

179 

0.72 

o!o24 

0.85 

0.011 

7 

0 

1.94 

0.011 

15 

63 

0.45 

0.025 

8 

167 

1.56 

0.018 

0 

1.75 

0.013 

28 

3.26 

0.014 

76 

181 

o!si 

0 .'  025 

9 

0 

1.71 

0.021 

21 

1.86 

0.020 

91 

2.60 

0.018 

241 

5.33 

0.021 

10 

0 

22 

0.48 

o!  027 

92 

0.70 

0.008 

242 

Normality 

Total 
Change  in 

Av.  Change 

Normality 

Change 

per  Day 

% 

% 

0.06946 

0.00074 

1.05 

0.008 

0.06903 

0.00117 

1.69 

0.007 

0.05333 

0.05288 

0.00045 

0 .'  84 

o!o31 

0.05264 

0.00069 

1.29 

0.017 

0.05084 

0.00249 

4.67 

0.026 

0.05642 

0.05607 

0.00035 

0.62 

omii 

0.05554 

0 . 00088 

1.56 

0.025 

0.05377 

0.00265 

4.72 

0.028 

0.04274 

0.04225 

0.00049 

Lk 

0.041 

0.04208 

0.00066 

1.52 

0.020 

0.03938 

0.00336 

7.86 

0.043 

0.007143 

0.007077 

0.000066 

0.92 

0.044 

0.006990 

0.000253 

3.54 

0.039 

0.006755 

0.000388 

5.42 

0.022 

0.01132 

0.01119 

0.00013 

l!  is 

o!  052 

0.01088 

0 . 00044 

3.89 

0.042 

0.01071 

0.00061 

5.39 

0.022 

Hexanitrato  ammonium  cerate  in  1.0  to  3.0  N  perchloric 
or  nitric  acid  made  up  the  ten  most  stable  solutions  without 
much  preference  for  one  or  the  other.  Solutions  of  perchlo- 
rato  ceric  acid  in  perchloric  acid  were  the  least  stable — 
obviously  a  result  of  their  higher  potential  as  compared  to 
solutions  containing  nitrate.  This  potential  difference 
amounts  to  0.2  volt  or  more  in  some  cases. 

In  every  case  the  stability  increased  with  time.  This  is 
to  be  expected,  since  the  potential  of  each  solution  falls  as 
cerous  ions  accumulate. 

All  of  the  first  ten  solutions  had  a  very  satisfactory  stabil¬ 
ity.  The  tenth  solution  in  the  order  of  stability  would  require 
restandardization  only  every  4  days  on  the  average  before 
a  difference  of  1  part  in  10,000  could  be  detected.  Solutions 
of  perchlorato  ceric  acid  in  8  N  perchloric  acid,  the  least  stable 
solution  of  Table  I,  would  require  standardization  each  day 
when  freshly  prepared  and  once  every  4  days  when  4  months 
old  to  keep  values  within  a  maximum  variation  of  1  part  in 
10,000,  if  stored  in  diffused  daylight.  The  oxidation  poten¬ 
tial  of  perchlorato  ceric  acid  in  8  A  perchloric  acid,  when 
oxidized  to  as  great  an  extent  as  possible,  is  over  2.0  volts. 
This  value  rapidly  falls  as  the  cerous  ion  accumulates.  Sta¬ 
bility  increased  fourfold  when  10  per  cent  of  the  perchlorato 
cerate  ions  were  reduced  to  cerous  ions. 

The  study  shows  no  advantage  in  the  elimination  of  the 
last  5  to  10  per  cent  of  the  associated  rare  earth  elements 
such  as  lanthanum,  neodymium,  and  praseodymium.  Four 
of  the  eight  most  stable  solutions  were  prepared  from  com¬ 
mercial  grades  of  materials,  in  which  were  present  a  few  per 
cent  of  the  cerous  ion.  In  most  of  these  cases  the  solutions 
were  stored  in  diffused  daylight  and  their  stability  could  be 
enhanced  by  storage  in  the  dark. 

Influence  of  Nitric  and  Perchloric  Acids 

The  use  of  tetravalent  cerium  in  volumetric  analysis  in  the 
absence  of  hydrochloric  or  sulfuric  acids,  which  are  ordinarily 
present,  and  in  the  presence  of  nitric  or  perchloric  acids,  im¬ 
proves  conditions  of  analysis.  The  potentials  attainable  are 
from  0.16  to  0.42  volt  higher.  The  determination  of  iron, 
arsenic,  oxalate  ( 5 ),  and  many  other  frequently  determined 
ions  is  better  carried  out  using  the  solutions  which  have  been 
described  in  this  work.  If  a  lower  oxidation  potential  is  in 
demand,  the  addition  of  the  sulfate  ion  immediately  converts 
the  nitrato  and  perchlorato  cerate  ions  to  the  sulfato  cerate 
ion  with  an  abrupt  drop  in  potential  (4).  A  greater  lowering 
of  the  potential  results  from  the  addition  of  hydrochloric  acid. 


Using  hexanitrato  ammonium  cerate  as  solute,  but  a  small 
concentration  of  nitrate  ions  results  upon  acidification  with 
perchloric  acid.  Consequently,  the  potential  of  such  solutions 
is  but  slightly  less  than  that  of  the  perchlorato  cerate  ion  in 
perchloric  acid.  Both  the  nitric  and  perchloric  acid  solutions 
of  the  corresponding  cerate  ions  are  suitable  for  oxidation  of 
the  oxalate  ions  (5)  at  room  temperature.  Ferroin  or  nitro- 
ferroin  may  be  used  as  indicator,  preferably  the  latter. 

All  solutions  when  heated  showed  marked  decrease  in  sta¬ 
bility.  Because  of  the  high  potential  of  such  solutions  this  is 
not  important,  since  all  reactions  are  rapidly  completed  at 
ordinary  temperatures. 

Summary 

Eighteen  solutions  of  the  nitrato  and  perchlorato  cerate 
ions  in  various  concentrations  of  nitric  and  perchloric  acid 
were  prepared  and  their  stability  under  various  conditions 
and  for  extended  time  intervals  was  determined. 

A  small  but  detectable  photochemical  decomposition  was 
observed  in  the  case  of  solutions  stored  in  diffused  daylight. 

Nitric  and  perchloric  acid  solutions  of  hexanitrato  ammo¬ 
nium  cerate  between  1  and  3  molar  in  nitric  and  perchloric 
acids  were  found  to  show  the  highest  stability. 

Perchloric  acid  solutions  of  perchlorato  ceric  acid  required 
standardization  at  frequent  intervals. 

The  stability  of  all  solutions  increased  with  time,  showing 
the  influence  of  the  accumulation  of  cerous  ions  in  lowering 
the  oxidation  potentials,  5  to  10  per  cent  increasing  the  sta¬ 
bility  two-  and  threefold. 

Five  to  10  per  cent  of  other  rare  earths  of  the  cerium  group 
present  as  impurities  did  not  affect  the  stability  adversely. 

A  0.1  N  solution  of  commercial  hexanitrato  ammonium 
cerate  in  1 .0  N  perchloric  acid  was  sufficiently  stable  in  ordi¬ 
nary  light  not  to  require  restandardization  for  a  period  of  20 
days. 
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Determination  of  Boron  in  Plant  Material 
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RECOGNITION  by  Kelley  and  Brown  U)  in  1928  of  the 
toxic  effect  of  boron,  occurring  naturally  in  irrigation 
waters,  upon  citrus  trees  led  to  an  investigation  of  this  prob¬ 
lem  by  the  Division  of  Western  Irrigation  Agriculture  of  the 
United  States  Department  of  Agriculture.  In  connection 
with  this  study  a  method  (7)  for  the  determination  of  boron 
in  plant  material  was  worked  out.  This  method  is  satisfac¬ 
tory  for  the  determination  of  relatively  large  quantities  of 
boron  but  it  is  not  well  adapted  to  the  study  of  low  concen¬ 
trations-^.  g.,  under  50  mg.  of  boron  per  kilogram  of  dry 
material — because  of  a  rather  large  blank  and  the  relatively 
small  samples  that  can  be  analyzed. 

The  confirmation  by  Warington  (d),  that  boron  is  essential 
to  plant  growth,  and  the  demonstration  of  boron  deficiency 
in  the  field  by  Brandenburg  (2)  in  Germany  and  later  by  Mc- 
Murtrey  (5)  in  the  United  States,  led  to  a  very  large  number 
of  investigations  of  boron  deficiency.  An  accurate  method 
for  the  determination  of  boron  in  these  low  concentrations 
was  greatly  needed  but  was  not  available.  To  fill  this  need, 
a  study  was  made  of  the  possibilities  of  adapting  the  electro¬ 
metric  titration  method  (1,  8)  to  the  determination  of  boron 
in  plant  material,  and  as  a  result  a  satisfactory  method  has 
been  developed  and  is  presented  herein. 

The  accuracy  and  reproducibility  of  the  electrometric  ti¬ 
tration  of  boric  acid  were  discussed  in  an  earlier  paper  (8). 
Since  that  time,  the  procedure  has  been  used  in  this  laboratory 
for  the  determination  of  boron  in  approximately  10,000 
samples,  mostly  natural  waters. 


Reagents  Used 

Lead  nitrate  solution,  1  N;  sodium  bicarbonate,  powder;  cal¬ 
cium  oxide,  fine  powder.  Quinhydrone,  reagent  quality,  tree 
from  heavy  metals.  Bromothymol  blue  indicator  solution,  1  per 
cent.  Hydrochloric  acid,  6  N,  2  N,  and  0.02  N.  Sodium  hy¬ 
droxide,  0.5  N,  carbonate-free.  Sodium  hydroxide,  standard 
0.0231  N,  carbonate-free  (1  ml.  is  equivalent  to  0.25  mg.  of  boron). 

Boric  acid  solution.  Dissolve  0.5716  gram  of  reagent  grade, 
drv  H3BO3  in  carbon  dioxide-free  distilled  water  and  dilute  to  1 
liter.  One  milliliter  contains  0.1  mg.  of  boron.  This  solution  is 
used  in  standardizing  the  0.0231  N  sodium  hydroxide. 

Mannitol  (mannite),  neutral.  The  blank  titration  5  grams 
of  mannitol  should  not  exceed  0.1  ml.  of  the  standard  0.0231  iv 
sodium  hydroxide. 


Apparatus 

The  choice  of  apparatus  for  the  electrometric  titration  of 
boric  acid  should  be  determined  by  the  instruments  available, 
the  number  of  analyses  to  be  made,  and  the  frequency  of  use. 
The  requirements  for  satisfactory  operation  are : 


Sensitivity.  At  the  end  point,  in  an  unbuffered  solution,  a 
single  drop  of  0.0231  N  sodium  hydroxide  should  deflect  the  gal¬ 
vanometer  5  to  10  scale  divisions.  The  galvanometer  used  has 
a  sensitivity  of  0.025  microampere  per  scale  division 

Stability.  The  end  point  should  be  stable  with  little  if  any 
more  drift  than  occurs  in  the  potentiometric  measurement  ot  pH. 
In  this  connection,  it  has  been  observed  that  traces  oi  iron  in  tne 
quinhydrone  cause  a  slow  drift  to  the  acid  side. 

Rapid  equilibrium.  Some  of  the  high-resistance  glass  elec¬ 
trodes  would  probably  be  unsatisfactory  because  of  the  slowness 
with  which  equilibrium  is  reached. 


Three  sets  of  apparatus  are  described  below,  any  one  of 
which  will  give  satisfactory  results. 

The  first  requires  a  minimum  of  equipment.  The  operation 


depends  upon  the  fact  that  a  0.7  N  calomel  and  a  quinhydrone 
electrode  come  to  a  null  point  (reversal  of  polarity)  at  ap¬ 
proximately  pH  7 . 

Galvanometer.  An  enclosed  lamp  and  scale  type  sensitive 
to  0.025  microampere  per  scale  division.  . 

Quinhydrone  electrode.  A  piece  of  platinum  wire  7.5  cm.  (3 
inches)  in  length,  with  suitable  contact  above  the  surface  of  the 
solution,  is  preferable  to  an  electrode  of  platinum  sealed  through 
glass  and  connected  with  mercury,  as  minute  cracks  develop  in 

the  glass  and  cause  erratic  results.  .  , ,  ;  > 

Calomel  electrode,  0.7  N  with  respect  to  potassium  chloride. 
In  the  determination  of  boron  in  natural  waters  (1,8),  a  silver 
silver  chloride  electrode  was  suggested.  This  can  be  used  m 
place  of  the  0.7  N  calomel  electrode  m  the  method  here  described, 
but  it  is  necessary  to  adjust  the  chloride  concentration  to  some 
predetermined  value  and  to  standardize  the  sodmm  hydroxide  in 
the  presence  of  this  concentration  of  chloride.  The  calomel  elec¬ 
trode  is  recommended. 

Motor  stirrer. 

Switch,  single-pole  single-throw.  , 

The  electrodes  are  connected  through  the  switch  to  the  galva¬ 
nometer.  A  shunt  to  protect  the  galvanometer  is  desirable  but 
not  essential.  This  circuit  diagram  was  shown  in  the  earlier 
paper  (I). 

The  second  apparatus  is  a  simple  potentiometer  and  is  il¬ 
lustrated  in  Figure  1.  In  addition  to  the  parts  listed  above, 
the  following  are  required:  resistance  wire,  1500  ohms  tapped 
at  60  ohms;  a  1.5-volt  dry  cell:  and  a  calomel  electrode,  0.1 .  N 
with  respect  to  potassium  chloride.  This  is  substituted  for 
the  0.7  N  electrode  described  above. 

The  third  apparatus  makes  use  of 
either  a  potentiometer  or  “pH  meter” 
as  indicating  system.  The  following 

1440  OHMS 
'galvanometer 


0.1  N  CALOMEL 


Figure  1.  Circuit  Diagram  op  Electrometric  Titration 

Apparatus 

E.  m.  £.  of  two  half-cells  is  balanced  against  potentiometer. 


electrode  pairs  have  been  found  satisfactory:  quinhydrone 
and  0.1  N  calomel ;  quinhydrone  and  saturated  calomel ;  glass 
and  saturated  calomel.  There  are,  no  doubt,  other  combina- 
tions  that  might  be  used  but  their  suitability  should  be 
considered,  taking  as  a  criterion  the  above  statements  on 
sensitivity  and  stability. 


Procedure 

Preparation  of  Sample.  Remove  all  foreign  matter  from 
the  green  plant  material  but  avoid  excessive  washing.  Dry  at 
70°  C.  grind,  dry  again  to  constant  weight,  and  store  in  tightly 
stoppered  bottles.  If  it  is  desired  to  express  the  results  on  the 
green  weight  basis,  weigh  the  material  before  and  after  drying. 

Weigh  an  aliquot  part  of  the  dry  sample  and  transfer  to  a 
glazed  paper.  From  5  to  25  grams  of  the  material  should  be 
taken,  depending  on  the  boron  content;  there  should  be  not  more 
than  the  equivalent  of  2  mg.  of  elemental  boron  in  the  portion  ti- 
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Table  I.  Reproducibility 

of  Ignition-Electrometric 

Titration  Method 

W  eight 

Sample 

Repli- 

of 

Boron 

No. 

cation 

Plant  Species 

Sample 

Found 

Notes 

Grams  Mg./kg.a 

L-701 

i 

Strawberry  fruit, 

10 

19 

2 

dry 

10 

18 

3 

15 

18 

4 

15 

19 

5 

25 

18 

6 

25 

19 

P-430 

1 

Alfalfa,  field  grown 

15 

10 

Characteristic 

2 

25 

10 

boron  deficiency 

P-424 

1 

Alfalfa,  field  grown 

10 

60 

Normal 

2 

10 

60 

P-519 

1 

Alfalfa,  greenhouse 

4 

190 

Dwarfing  due  to 

2 

culture 

4 

191 

boron  toxicity 

“  Mg. 

per  kg.  of  dry  material. 

Table  II.  Recovery  of  Boron 

(Added  as  crystalline  boric  acid,  to  10  grams  of  plant 

material  prior  to 

ignition) 

Sample 

Repli 

Initial  Boron 

Boron 

Boron 

No. 

cation  Content 

Added 

Found 

Recovered 

Mg./kg.a  Mg. 

Mg. 

Mg. 

Mg.  % 

L-701 

1 

18  0.18 

1.10 

1.28 

1 . 10  100 

2 

18  0.18 

1.10 

1.28 

1.10  100 

3 

18  0.18 

1.50 

1.70 

1.52  101 

P-424 

1 

60  0.60 

0.94 

1.54 

0.94  100 

a  From  Table  I. 

trated.  For  each  gram  of  the  sample,  add  0.1  gram  of  calcium 
oxide  and  mix  well  on  the  paper.  Transfer  to  a  porcelain  casse¬ 
role  or  platinum  dish,  ignite  as  completely  as  possible  in  a  muffle 
at  low  red  heat,  cool,  and  moisten  with  water.  Cover  with  a 
watch  glass,  introduce  15  to  20  ml.  6  N  hydrochloric  acid,  which 
should  make  the  solution  strongly  acid,  and  heat  on  a  steam  bath 
for  30  minutes. 

Cool,  transfer  to  a  beaker,  and  add  1  N  lead  nitrate  solution, 
1  ml.  for  each  gram  of  plant  material  in  the  sample,  to  remove 
phosphate  from  the  solution.  Add  sodium  bicarbonate,  1  gram 
at  a  time,  until  a  precipitate  forms.  Heat  on  a  steam  bath  and 
continue  adding  sodium  bicarbonate  until  neutral  to  bromothy- 
mol  blue.  The  color  should  be  blue-green,  and  the  pH  approxi¬ 
mately  7.0.  Make  to  250  ml.,  mix  thoroughly,  filter  through  a 
dry  filter  paper,  and  take  an  ahquot  for  electrometric  titration. 

To  expel  carbon  dioxide  prior  to  titration,  make  acid  with  6  N 
hydrochloric  acid  and  heat  to  boding.  Stir  cautiously  at  first, 
then  vigorously.  Remove  from  the  fire,  make  alkaline  with  0.5  N 
sodium  hydroxide,  acidify  with  2  N  hydrochloric  acid  and  add  5  to 
10  drops  in  excess.  Make  to  about  300  ml.,  again  heat  to  boiling, 
and  stir.  Avoid  boding  more  than  a  few  minutes.  Cool.  De¬ 
termine  boron  by  electrometric  titration  as  directed  below. 

Electrometric  Titration.  With  the  galvanometer  switch 
open,  introduce  the  electrodes  and  stirrer  into  the  solution.  Start 
the  stirrer  and  add  carbonate-free  0.5  N  sodium  hydroxide  to 
approximate  neutrality  as  shown  by  the  bromothymol  blue. 
Add  about  0.2  gram  of  quinhydrone.  Close  the  switch.  The 
galvanometer  should  indicate  approximate  balance.  If  it  swings 
to  the  right,  excess  alkali  is  indicated,  and  if  to  the  left,  excess 
acid.  Adjust  with  either  0.0231  N  sodium  hydroxide  or  0.02 
N  hydrochloric  acid.  The  galvanometer  should  be  steady,  show¬ 
ing  at  most  only  a  slow  drift.  This  is  the  initial  point  of  titra¬ 
tion.  Add  5  ^  0.1  grams  of  mannitol.  If  boric  acid  is  present, 
the  indicator  will  change  to  the  acid  color  and  the  galvanometer 
will  swing  to  the  left.  Add  standard  sodium  hydroxide  until 
balance  is  again  attained.  This  is  the  end  point. 

Note  the  number  of  milliliters  of  sodium  hydroxide  required 
after  adding  the  mannitol  at  the  initial  point  of  titration.  The 
buret  should  be  of  such  accuracy  that  the  volume  of  alkali  can  be 
estimated  to  0.01  ml.  A  blank  is  determined  by  substituting  some 
boron-free  organic  material,  such  as  ashless  filter  paper,  for  the 
plant  sample  and  proceeding  as  indicated  above.  From  the 
gross  volume  this  blank  is  subtracted.  The  blank  used  in  the 
work  represented  below  varied  from  0.14  to  0.17  ml.  of  standard 
0.0231  N  sodium  hydroxide.  The  equivalency  of  the  standard 
sodium  hydroxide  with  respect  to  boron  is  established  by  titrat¬ 
ing  an  ahquot  of  the  boric  acid  solution.  Report  the  results  as 
milligrams  of  boron  per  kilogram  of  dry  plant  material. 

Discussion 

Comparable  Samples.  In  collecting  plant  material  for 
boron  studies,  two  facts  should  be  recognized:  (1)  Boron  is 
not  uniformly  distributed  throughout  the  plant,  as  is  illus¬ 


trated  in  Table  III.  (2)  In  the  plant  parts  that  normally 
accumulate  boron,  the  concentration  is  a  function  of  maturity. 
Leaf  samples  from  Persian  walnuts  were  collected  at  intervals 
of  4  weeks  during  the  growing  season.  The  boron  determina¬ 
tions,  reported  in  Table  IV,  show  the  relationship  between 
maturity  and  boron  concentration. 

It  is  the  practice  of  this  laboratory  to  collect  alfalfa  at  the 
early  flower  stage,  citrus  leaves  when  9  to  15  months  old,  de¬ 
ciduous  leaves  at  the  time  of  maturity  of  the  fruit,  and  grasses 
at  the  time  of  flower. 

Glassware.  Boron-free  glassware  is  not  essential  for  this 
determination,  provided  that  heating  in  alkaline  solution  is 
not  prolonged.  Blank  determinations  completed  in  Pyrex 
glassware  were  not  significantly  different  from  those  in  Ka- 
valier  brand  boron-free  glassware.  The  time  of  heating  on 
the  steam  bath  was  about  0.75  hour.  Table  V  reports  the  re¬ 
sults  of  several  experiments  with  Pyrex  glassware. 

Referring  to  the  second  entry  in  Table  V  which,  in  length 
of  time  of  heating,  is  similar  to  the  procedure  suggested,  it  is 
probable  that  most  of  the  boron  found  in  the  solution  came 
from  the  reagents,  as  a  similar  experiment  with  a  Kavalier 
brand  boron-free  beaker  yielded  essentially  the  same  quantity 
of  boron. 

Interfering  Substances.  Phosphate  reacts  with  manni¬ 
tol,  though  not  quantitatively,  and  must  be  removed  prior  to 
titration.  This  can  be  done  with  calcium,  barium,  or  lead  in 
alkaline  solution,  but  if  either  sodium  hydroxide  or  sodium 
carbonate  is  used  to  make  the  solution  alkaline,  a  fine,  gelati¬ 
nous  precipitate  results  that  adsorbs  measurable  quantities 
of  boron.  In  this  procedure,  lead  nitrate  and  sodium  bicar¬ 
bonate  are  suggested.  It  is  assumed  that  the  excess  lead  is 
precipitated  as  the  normal  carbonate  rather  than  as  a  basic 
carbonate.  In  any  event,  the  occlusion  of  boron  by  the 
precipitate  is  negligible,  as  reference  to  Table  II  will  show. 

Germanium,  as  germanic  acid,  reacts  with  mannitol  to 
liberate  hydrogen  ion,  but  it  is  not  a  normal  constituent  of 
plant  ash  in  excess  of  spectroscopic  quantities.  It  has  been 
shown  that  small  quantities  are  removed  from  solution  by 
the  lead  nitrate  precipitation . 

Iron,  aluminum,  and  probably  most  of  the  weak  anions, 
that  would  tend  to  buffer  the  solution,  are  removed  by  this 
process. 

Other  substances,  present  in  plant  ash,  appear  to  be  without 
effect. 

Reagents.  The  standard  0.023  N  sodium  hydroxide  can 
be  stored  in  paraffin-lined  bottles  or  in  copper  tanks,  the  seams 


Table  III. 

Boron  in  Mammoth  Russian  Sunflowers 

(Grown  in  a 

nutrient  solution  containing  2.5  p.  p. 

m.  of  boron) 

Laboratory  No.  Plant  Part 

Boron 

Mg. /kg. 

P-487 

Leaves,  petioles 

597 

P-488 

Stems 

27 

P-489 

Roots 

40 

Table  IV.  Boron  in  Persian  Walnut  Leaves 

(Collected  at  intervals  of  four  weeks  during  growing  season) 


Laboratory  No. 

Date  of  Collection 

Boron 

Mg. /kg. 

L-199 

July  22,  1929 

166 

L-256 

August  19,  1929 
September  17,  1929 

257 

L-306 

301 

L-312 

October  14,  1929 

346 

Table  V.  Boron  Dissolved  from  400-Ml.  Pyrex  Beakers 
by  Hot  Alkaline  Solutions 


Boron 


Ml. 

Solution 

Treatment 

Hours 

Dissolved 

Mg. 

250 

Water  only 

Steam  bath 

0.5 

0 

250 

Saturated  NaHCOs 

Steam  bath 

0.5 

0.02 

250 

Saturated  NaHCOs 

Steam  bath 

24 

0.69 
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of  which  should  be  brazed  rather  than  soldered.  The  solu¬ 
tion  should  be  protected  from  carbon  dioxide  and  ammonia 
by  an  absorption  train,  preferably  an  acid  and  an  alkali  m 
solution,  as  dry  reagents  tend  to  absorb  moisture. 

Loss  of  Boron  during  Ignition.  The  addition  of  an 
alkali  before  ignition  appears  to  be  necessary  m  the  case  of 
certain  samples,  as,  for  instance,  the  dry  strawberry  fruit 
(Sample  L-701).  In  an  experiment  similar  to  that  reported 
in  Table  II,  but  in  the  absence  of  calcium  oxide,  the  recovery 

of  added  boron  was  only  84  per  cent.  . 

Dodd  (S)  reported  that  boron  is  lost,  even  m  the  presence  of 
alkali  when  fatty  substances  are  ignited,  and  suggested  that 
the  fat  be  extracted  with  ether  or  benzene  prior  to  ignition. 
This  procedure  was  tried  in  the  case  of  sunflower  seeds  with 
results  that  tend  to  support  Dodd’s  findings,  although  the  in¬ 
dicated  loss  was  small. 


Summary 


The  electrometric  titration  method  has  been  adapted  to  the 
determination  of  boron  in  plant  material.  It  is  particularly 
suited  to  low  concentrations  found  in  boron  deficiency  studies 
_ e.  g.,  in  the  range  below  50  mg.  of  boron  per  kilogram  of 

dry  material. 
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Rapid  Determination  of  Copper 

By  a-Benzoin  Oxime  in  Ferromolybdenum,  Calcium  Molybdate,  Etc. 

LOUIS  SILVERMAN,  5559  Hobart  St.,  Pittsburgh,  Penna. 


FEIGL  (8)  introduced  a-benzoin  oxime,  CelL.CCNOH).- 
CHOH.CeHs,  as  a  specific  reagent  for  copper  m  am- 
moniacal  solution.  He  suggested  that  the  compound  formed 
was  one  of  new  structure  in  which  the  prmcipal  valences  ot 
copper  are  connected  through  the  oxygens  of  the  oxime  and 
hydroxyl  groups,  respectively,  and  the  coordinate  valences 
are  attached  to  the  phenyl  groups.  Azzalin  (I),  however, 
found  (1)  that  for  direct  weighing  procedures  excess  reagent 
could  not  easily  be  washed  away;  (2)  that  for  ignition  pro¬ 
cedures  only  slow  and  careful  ignition  would  remove  all  car¬ 
bon;  and  (3)  that  in  the  presence  of  other  elements  the  pre¬ 
cipitate  is  contaminated  with  these  elements. 

Obviously,  then,  the  final  determination  of  the  copper 
should  be  made  either  by  electrodeposition  or  by  the  short 
iodide  titration  («,  5,  8).  The  rapid  determination  of  copper 
in  ferromolybdenum  or  in  molybdenum  steels  is  thus  accom¬ 
plished. 


Proposed  Procedure 

Preparation  of  Sample.  For  analyses  where  silicon  is  also 
to  be  determined  (6),  weigh  1  gram,  place  in  a  tall  300-cc.  beaker, 
and  treat  with  20  cc.  of  (1  +  2)  nitric  acid.  After  rapid  action 
ceases,  heat  the  beaker  until  solution  of  the  sample  is  about  com¬ 
plete,  cool  somewhat,  and  cautiously  add  10  cc.  of  concentrated 
sulfuric  acid.  Place  the  beaker  in  a  bumping  beaker,  and  heat  to 
heavy  fumes  of  sulfuric  acid.  Cool,  add  75  cc.  of  (1  +4)  hydro¬ 
chloric  acid,  heat  until  soluble  salts  are  dissolved,  and  filter  at 
once  Wash  alternately  with  cold  (1  +  4)  hydrochloric  acid  and 
water  six  times,  then  with  hot  solutions  to  remove  iron  com¬ 
pletely.  The  filtrate  is  used  for  copper.  , 

Where  silicon  is  not  required,  obtain  complete  solution  by  the 
above  nitric  acid  mixture  with  the  aid  of  some  hydrofluoric  acid. 
After  coohng,  and  diluting  with  water,  add  10  cc.  of  hydrochloric 

aCFor  molybdenum  steels,  the  nitric  acid  solution  method  may  be 
followed  by  fuming  with  perchloric  acid.  After  coohng,  add 

water  and  hydrochloric  acid.  , ,  •  • , 

For  calcium  molybdate,  use  25  cc.  of  (2  +  1)  hydrochloric  acid. 
For  ferrotungsten,  use  10  cc.  of  (1  +  4)  nitric  acid,  o  cc.  of 
hydrochloric  acid,  then  hydrofluoric  acid  dropwise  to  complete 

^Precipitation  of  Copper.  Dilute  the  prepared  solutions  to 
about  150  to  200  cc.,  and  add  a  solution  of  15  grams  of  Rochelle 
salt  dissolved  in  15  cc.  of  water.  Add  a  strong  solution  of  sodium 
hydroxide  until  the  test  solution  is  alkaline  to  Congo  red  paper, 
but  still  acid  to  litmus  paper.  If  necessary,  allow  to  cool  to  room 
temperature.  Add  ammonium  hydroxide  till  the  solution  turns 


blue  (copper  above  0.5  per  cent),  or  until  distinctly  alkahne  to 
litmus,  and  add  about  5  cc.  in  excess.  Add  slowly,  with  stirring, 
a  2  per  cent  a-benzoin  oxime  solution  (10  cc.  for  0  to  0.5  per  cent, 
15  cc.  for  0.5  to  1.5  per  cent  copper).  Let  stand  about  l5  mm- 
utes,  filter  the  green  precipitate  on  an  11-cm.  No.  40  Whatman 
paper,  and  wash  with  warm  (1  +  99)  ammonium  hydroxide  solu- 

tl0DETERMiNATioN  of  Copper.  Return  the  paper  and  contents 
to  the  beaker  and  add  15  cc  of  nitric  acid  (specific  gravity  1.4) 
and  10  cc.  of  perchloric  acid  (60  or  70  per  cent  grade).  Mix,  heat 
until  the  nitric  acid  has  been  driven  out  and  the  perchloric  acid 
condenses  on  the  walls  of  the  beaker  cool,  ddute  wdh  water  and 
boil  out  the  chlorine.  [If  desired,  the  short  iodide  titration  {2, 
5,  8)  for  copper  may  be  used  instead,  starting  at  this  point.  ]  Add 
ammonium  hydroxide  until  the  solution  is  blue,  discharge 
color  with  nitric  acid,  add  4  cc.  of  (1  +  1)  sulfuric  acid,  and  plate 
the  Conner  at  3  volts  and  0.5  ampere. 


Discussion 

The  reasons  for  this  particular  procedure  should  be  noted. 

After  solution  of  the  sample  and  addition  of  the  sodium 
potassium  tartrate,  the  sodium  hydroxide  is  added  until  the 
solution  is  alkaline  to  Congo  red  paper  but  acid  to  litmus 
(pH  4  to  6).  If  enough  caustic  is  added  to  turn  litmus  blue, 
sample  No.  26789  (1.00  per  cent  copper)  returns  only  a  por¬ 
tion  of  the  copper  (0.60  per  cent)  even  after  3  hours  standing. 
Evidently  the  alkaline  tartrate  has  partially  removed  cupnc 
ion  from  solution. 

Again,  precipitation  should  take  place  at  room  temperature. 
When  precipitation  was  made  hot,  the  results  were  low  and 
inconsistent.  It  is  conceivable  that  some  of  the  oxime  was 
hydrolyzed  into  ketone  and  hydroxylamine,  which  might 
reduce  some  cupric  ions  to  the  cuprous  stage  and  be  held  in 
solution  by  the  ammonia  and  ammonium  salts.  Feigl  stated 
that  there  should  be  no  ammonium  salts  present. 

In  the  final  determination  of  the  copper  either  by  electro¬ 
deposition  or  by  titration,  impurities  such  as  excess  reagent, 
molybdenum,  nickel,  manganese,  iron,  etc.,  do  not  interfere. 
In  many  cases  the  colorimetric  ammonia  method  could  be 

The  usual  methods  for  separation  of  copper  from  ferro¬ 
molybdenum  require  separation  from  the  molybdenum  by  use 
of  caustic  (or  fusion),  then  separation  of  the  copper  from  the 
iron — operations  which  are  slow  and  undesirable.  The  pro- 
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Table  I.  Copper  Determined 

Ferromolybdenum 

No.  26789  1.00,  1.01%  (low  in  silicon) 

No.  15806  0.73,  0.74%  (contractor,  0.67%) 

No.  27534  0.78,  0.78%  (contractor,  0.74%) 

U.  S.  Bureau  of  Standards  No.  71  calcium 

molybdate  0.10,  0.10%  (7) 

U.  S.  Bureau  of  Standards  ferrotungsten 

(0.039%  Cu)  0.03% 

U.  S.  Bureau  of  Standards  No.  5g  cast 

iron  (1.44%  Cu)  1.44% 

U.  S.  Bureau  of  Standards  No.  107  (Cu 

0.074%,  Mo  0.687%)  0.07,  0.08% 

Calcium  molybdate  0.40,  0.41% 


posed  method  performs  the  separation  from  other  elements  in 
only  one  step  without  excess  care  or  labor. 

Results  on  calcium  molybdate  were  included  (Table  I)  to 
confirm  those  of  Murray  and  Furman  (7).  There  is  no  change 
in  technique.  With  ferrotungsten  considerable  manganese 
and  iron  precipitated  in  the  alkaline  solution,  but  aside  from 
making  the  washing  operation  slow,  no  harm  was  done.  For 
molybdenum  steels  Kar  (4)  first  separated  copper  and  molyb¬ 
denum  from  the  steel  by  thiosulfate,  ignited  the  two  oxides, 
dissolved  the  oxides,  and  then  precipitated  the  copper  by 


a-benzoin  oxime.  The  proposed  procedure  makes  the  separa¬ 
tion  directly.  On  the  other  hand,  this  laboratory  has  merely 
attacked  the  steel  with  dilute  sulfuric  acid,  added  thiosulfate, 
filtered  off  the  copper  and  molybdenum,  fumed  them  in  nitric- 
perchloric  acids,  and  electroplated  the  copper.  The  proposed 
method  could  claim  no  superiority  over  this  latter  method, 
aside  from  the  greater  solution  speed  in  nitric  acid  as  com¬ 
pared  to  sulfuric  acid.  The  same  may  be  said  for  high 
chrome-nickel  (18-8  per  cent)  steels. 

The  reaction  as  described  is  not  hazardous. 
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A  Simplified  Inoculation  Procedure 

T.  L.  BLACK  AND  AARON  ARNOLD 
Nopco  Laboratories,  Harrison,  N.  J. 


SOME  standard  bacteriological  procedures  (1,  8,  8)  involve 
the  use  of  inoculation  with  an  inoculum  varying  from  a 
drop  to  1.0  cc.  in  size.  There  are  several  manipulative  diffi¬ 
culties  associated  with  this  procedure,  particularly  where  a 
large  number  of  inoculations  are  to  be  made  with  a  suspension 
of  the  same  organism. 

It  is  possible  to  circumvent  a  number  of  objectionable  steps 
by  the  use  of  a  syringe  as  illustrated  in  the  diagram. 


Since  the  inoculum  in  the  needle  is  not  exposed  to  air  cur¬ 
rents  except  to  a  very  limited  extent  and  is  not  subjected  to 
the  handling  required  when  a  pipet  is  used,  the  danger  of 
contamination  is  reduced  to  a  minimum.  The  operator  has 
free  use  of  both  hands  throughout  and  the  time  of  inoculation 
is  decreased  to  a  third  or  fourth  of  that  required  by  the  pipet 
technique. 


The  size  of  the  syringe  is  adjusted  to  the  number  of  inocula¬ 
tions  to  be  made.  The  authors  have  found  that  a  5-cc.  resistant 
glass  syringe  has  wide  application.  The  syringe  may  be  sterilized 
in  a  hot-air  oven  shortly  before  use.  The  size  of  the  needle  used 
may  be  varied  in  accordance  with  the  size  of  the  drop  desired  or 
rapidity  of  delivery.  The  authors  have  used  a  20-gage,  7.5-cm. 
(3-inch)  needle,  which  allows  the  operator  to  drop  the  inoculum 
directly  into  the  medium.  The  needle 
may  be  platinum-iridium  or  other  alloy 
which  may  be  flamed  repeatedly  with¬ 
out  loss  of  temper  before  use.  The  syringe 
is  clamped  to  a  stand  at  an  angle  of  ap¬ 
proximately  30°  from  the  horizontal. 

At  this  angle  the  plunger  is  easily 
tapped  or  pushed  to  yield  a  drop  at  a 
time  or  other  required  amount,  such  as 
0.5  cc.  for  phenol  coefficient  tests,  but 
will  not  move  without  external  pres¬ 
sure. 

The  needle  is  attached  to  the  sterile 
syringe  and  flamed.  The  lip  of  the  test 
tube  containing  the  inoculum  is  flamed, 
and  brought  up  to  the  needle  and  the 
inoculum  is  drawn  into  the  syringe. 

For  inoculation,  the  needle  is  inserted 
2.5  to  5  cm.  (1  to  2  inches)  inside  the 
test  tube  containing  the  medium  to  be 
inoculated,  the  plunger  is  given  a  slight 
tap  or  push  to  release  a  drop  or  more 
of  inoculum,  and  the  test  tube  is 
withdrawn  and  flamed  in  the  usual 
manner. 
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Determination  of  m-Xylidines  and  Total  o- 

and  p-Xylidines 

WILLIAM  SEAMAN,  A.  R.  NORTON,  AND  R.  W.  MASON 
Cal co  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


TECHNICAL  xyUdine,  which  is  obtained  by  nitrating 
xylene  and  then  reducing  the  nitroxylene,  has  been  thought 
to  contain  all  five  of  the  six  theoretically  possible  isomers  except 
3,5-dimethylaniline.  Cooper  ( 1 )  has  pointed  out  that  of  the 
other  five  isomers,  the  presence  of  2,3-dimethylaniline  has 
never  been  proved,  and  that  it  probably  is  not  present.  The 
determination  of  the  proportions  of  the  remaining  four 
isomers  in  commercial  xylidine  assumed  importance  in  con¬ 
nection  with  the  production  of  the  food  color  F.  D.  and  C. 
Red  No.  32  (also  known  as  Oil  Red  XO)  which  is  the  a40  dye 
prepared  by  coupling  2-naphthol  with  diazotized  xylidine. 
The  Government  has  set  an  upper  limit  on  the  proportion  of 
the  meta  isomers  (2,4-  and  2,6-dimethylaniline)  which  may 
be  present.  It  was  necessary,  therefore,  as  has  been  pointed 
out  ( 9 ) ,  to  have  a  method  which  could  be  applied  to  the  xylidine 
obtained  by  reduction  of  the  dyestuff,  for  the  purpose  of 
satisfying  the  government’s  requirements  concerning  the 
proportion  of  meta  isomers  which  may  be  present.  From  the 
point  of  view  of  manufacture,  such  a  method  was  needed  to 
control  the  raw  material  xylidine  entering  into  the  final  dye¬ 
stuff. 

Hodgkinson  and  Limpach’s  method  ( 6 ,  7)  has  been  used 
frequently  in  the  past  to  determine  the  isomeric  xylidines,  but 
it  is  now  recognized  as  faulty.  The  first  step  consists  of  the 
precipitation  of  the  2,4-dimethylaniline  as  the  acetate  by 
means  of  glacial  acetic  acid.  Morgan  and  Hickinbottom 
found  that  even  with  pure  2,4-dimethylaniline  only  60  per 
cent  of  the  calculated  amount  of  acetate  is  precipitated  (8). 
Cooper  proved  the  presence  of  2,4-dimethylaniline  in  the  sup¬ 
posed  mixture  of  2,3-  and  3,4-dimethylaniline  (I).  Various 
other  objections  have  also  been  made  to  this  method  by  Vaubel 
(10)  and  by  Fedorow  and  Spryskow  (4). 

Another  approach  to  the  analysis  of  xylidine  may  be  made 
through  the  difference  in  bromination  properties  of  the  iso¬ 
meric  xylidines.  The  more  powerful  ortho-  and  para-directive 
influence  of  the  amino  group  over  that  of  the  methyl  groups 
results  in  substitution  of  bromine  only  in  positions  ortho  and 
para  to  the  amino  group,  so  that  the  meta  isomers  form  mono- 
bromoxylidines,  whereas  the  ortho  and  para  isomers  form 
dibromoxylidines.  The  amount  of  bromine  consumed  by  the 
xylidine  should,  therefore,  serve  as  a  measure  of  the  propor¬ 
tion  of  meta  and  of  combined  ortho  and  para  isomers. 

Vaubel  (10)  tested  this  principle  but  found  that  bromination 
with  a  solution  of  bromine  in  sodium  hydroxide  solution  resulted 
in  oxidation  of  the  xylidine  with  the  formation  of  colored  products. 
Francis  and  Hill  (5),  working  with  a  number  of  other  oxidizable 
amines  such  as  o-  and  m-toluidine,  and  phenylenediamine,  recom¬ 
mended  titrating  in  an  acid  medium  with  bromide-bromate  solu¬ 
tion  at  a  temperature  of  0°  C.  or  lower  in  order  to  prevent  oxida¬ 
tion. 

Fedorow  and  Spryskow  (2,  3,  4)  sought  a  solvent  in  which  to 
conduct  the  bromination  of  xylidine  which  would  prevent  the 
production  of  colored  oxidation  products.  They  reported  that  a 
mixture  of  alcohol  and  concentrated  hydrochloric  acid  would 
give  satisfactory  results,  and  that  a  solution  of  dry  hydrogen 
chloride  in  alcohol  would  give  exact  results.  They  recommended 
a  bromination  procedure  based  upon  the  use  of  the  latter  solvent. 
The  solution  is  titrated  in  an  ice  bath  with  bromide-bromate 
solution,  and  back-titrated  with  sodium  thiosulfate  solution  after 
the  excess  bromine  has  been  reacted  with  potassium  iodide.  They 
reported  analyses  for  five  mixtures,  using  dry  hydrogen  chloride 
in  alcohol  as  a  solvent,  which  were  made  up  to  contain  various 


percentages  of  2,4-,  2,6-,  2,5-,  and  3,4-dimethylaniline,  and 
stated  that  they  had  run  fifty  others  with  similar  results.  With 
these  five  mixtures  the  values  which  they  found  differed  from  the 
actual  values  by  from  0.1  to  0.3  per  cent  actual  m-  or  o-  and  p- 
xylidine. 

Attempts  to  duplicate  this  work  in  this  laboratory  were 
not  successful.  It  was  found  that  several  mixtures  of  the 
isomers  all  gave  high  values  of  ortho  and  para  (from  115 
to  159  per  cent  of  the  o-  and  p-xylidine  present),  indicating 
overconsumption  of  bromine.  The  conclusion  was  drawn 
from  this  experience  that  Fedorow  and  Spryskow  had  evi¬ 
dently  not  defined  their  conditions  precisely  enough.  Addi¬ 
tional  work  emphasized  the  necessity  for  strictly  defining 
conditions  of  temperature,  time,  and  excess  of  bromine.  A 
mixture  of  alcohol  and  concentrated  hydrochloric  acid  was 
more  convenient  than  dry  hydrogen  chloride  in  alcohol. 
Fedorow  and  Spryskow  state  that  the  former  solvent  is  not 
so  satisfactory  as  the  latter,  but  some  of  their  own  figures  do 
not  bear  out  this  conclusion.  It  was  decided,  therefore,  to 
use  the  former  solvent  in  working  out  the  conditions  of  bro¬ 
mination. 

A  procedure  was  developed  which  involved  bromination 
for  a  definite  length  of  time  in  a  mixture  of  five  parts  by 
volume  of  No.  3A  denatured  alcohol  (95  parts  of  grain  alcohol 
and  5  parts  of  methyl  alcohol)  and  three  parts  of  concentrated 
hydrochloric  acid,  at  a  bath  temperature  of  from  —4°  to 
—  8°  C.,  with  an  excess  of  bromide-bromate  solution  which 
was  fixed  within  definite  limits.  It  was  found,  as  a  result  of 
analyses  of  48  synthetic  mixtures  of  varied  composition,  that 
there  was  a  correction  to  be  applied  to  the  values  which  were 
found,  and  that  this  correction  varied  with  the  percentage 
of  m-xylidine  in  the  mixture.  It  so  happens  that  for  the 
percentages  of  m-xylidine  which  Fedorow  and  Spryskow  re¬ 
ported,  the  correction  is  zero,  within  the  limits  of  reproduci¬ 
bility  of  the  method,  for  mixtures  which  varied  widely  in 
isomeric  composition.  Lower  percentages  of  meta  cause 
high  meta  values;  higher  percentages,  low  meta  values.  The 
corrections,  as  well  as  the  reproducibility  of  the  determina¬ 
tions,  have  been  established  for  mixtures  containing  from  0  to 
100  per  cent  of  m-xylidine. 

Preparation  of  Isomers 

3,4-Dimethylaniline  (melting  point,  48.6-49.2°  C.,  corrected) 
was  prepared  from  mixed  xylidine  by  the  method  described  by 
Morgan  and  Hickinbottom  (8).  2,4-Dimethylphenylammonium 
acetate  (melting  point,  68.0-69.0°,  corrected),  2,6-dimethylaniline 
hydrochloride  (melting  point,  236.2-237.1°,  corrected),  and 
2,5-dimethylaniline  hydrochloride  (melting  point,  223.9-224.7°, 
corrected),  each  recrystallized  to  a  constant  melting  point,  were 
used  in  the  preparation,  respectively,  of  pure  2,4-,  2,6-,  and  2,5- 
dimethylaniline. 

Method  of  Analysis 

The  validity  of  the  method  of  analysis  depends  upon  having 
a  sample  of  known  xylidine  content  which  contains  no  bro¬ 
mine-consuming  substances  other  than  xylidine.  The  sample 
is  analyzed  for  total  xylidine  content  by  its  consumption  of 
standard  sodium  nitrite  solution,  and  the  weight  of  the 
sample  used  is  corrected  to  a  100  per  cent  xylidine  basis. 

Nitrite  Consumption.  To  6  grams  ( ±0.1  gram)  in  a  500-ml. 
iodine  flask  are  added  25  ml.  of  water,  about  50  grams  of  ice,  and 
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52  ml.  of  1 A  sodium  nitrite  solution.  Then  25  ml.  of  concentrated 
hydrochloric  acid  are  added  rapidly,  and  the  flask  is  stoppered  im¬ 
mediately,  shaken  well,  and  allowed  to  stand  in  an  ice  bath  for  5 
minutes.  An  excess  of  0. 1  A  sodium  sulfanilate  solution  is  added 
rapidly  and  the  flask  is  stoppered,  shaken,  and  titrated  with  1  A 
sodium  nitrite  solution  until  an  immediate  blue  coloration  is  ob¬ 
tained  upon  streaking  some  of  the  solution  on  a  smear  of  starch 
paste  containing  potassium  iodine.  At  the  end  point  this  im¬ 
mediate  blue  coloration  may  be  obtained  repeatedly  during  a 
period  of  10  minutes  without  adding  additional  nitrite. 
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The  uncorrected  percent¬ 
age  of  o-  and  p-  = 

(0.009761  A  -B)  100 
B 
C 

The  uncorrected  percent¬ 
age  of  m-  =  100  C  —  the 
uncorrected  percentage  of  o- 
and  p-. 

Excess  Bromine 

It  is  necessary  to  have  an 
excess  of  not  less  than  2  ml. 
nor  more  than  4  ml.  of 
bromide-bromate  solution. 
To  determine  the  proper 
volume  to  use,  a  trial  deter¬ 
mination  is  made  and  the 
percentage  composition  calcu¬ 
lated.  F rom  this  the  number 
of  milliliters  of  bromide- 
bromate  solution  theoreti¬ 
cally  necessary  is  calculated 
and  the  analysis  is  repeated,  using  this  calculated  volume  plus 
3-ml.  excess.  Usually  the  second  determination  will  have  the 
proper  2-  to  4-ml.  excess. 

Corrections 

On  the  basis  of  the  data  which  are  reported  in  Table  I,  a 
curve  (Figure  1)  has  been  constructed  showing  the  corrections 


~  ....  net  ml.  of  1  A  NaNCh  X  0. 1212 

%  xyhdine  = -  grams  0f  sample - 


X  100 


The  factor  0.1212  represents  the  value  for  one  milliequivalent 
of  xyhdine. 

Bromination  Value.  An  accurately  weighed  sample  of  xyh¬ 
dine  (between  0.19  and  0.21  gram)  is  weighed  into  a  500-ml.  iodine 
flask  containing  45  ml.  of  3 A  denatured  alcohol  (95  per  cent  grain 
alcohol  and  5  per  cent  methyl  alcohol).  From  a  50-ml.  buret 
sufiicient  0.1611  A  bromide-bromate  solution  is  added  to  furnish 
an  excess  of  from  2  to  4  ml.  (The  excess  must  be  within  these 
limits  and  should  be  ascertained  in  a  separate  determination  as 
described  below.)  The  flask  is  stoppered  and  placed  in  an  ice- 
salt  bath,  the  temperature  of  which  should  be  from  —4°  to  —  8°  C. 
While  it  is  cooling,  30  ml.  of  concentrated  hydrochloric  acid  are 
placed  in  a  graduate  in  the  freezing  mixture.  To  increase  the 
rate  of  coohng,  the  contents  of  the  graduate  and  the  flask  should 
be  swirled  in  the  bath. 

At  the  end  of  10  minutes  the  acid  is  poured  rapidly  into  the 
flask,  which  is  stoppered  immediately  and  allowed  to  stand  in 
the  bath  for  exactly  10  minutes  longer.  A  solution  of  0.5  gram  of 
potassium  iodide  in  20  ml.  of  water  is  added  in  two  portions  to 
the  well  of  the  iodine  flask  and  allowed  to  seep  in.  The  flask  is 
shaken  well  after  each  addition  of  iodide  solution.  The  mixture 
is  titrated  with  standard  0.1  A  sodium  thiosulfate  solution  until 
it  is  a  light  yellow  color.  The  flask  is  filled  almost  up  to  the  neck 
with  water  (in  order  to  avoid  the  interference  of  a  high  alcohol 
concentration  with  the  starch  end  point)  and  the  mixture  is 
titrated  with  thiosulfate  solution  to  the  disappearance  of  the 
blue  color  of  the  internal  starch  indicator. 


Calculations 

The  formula  for  calculating  the  results  is  derived  as  follows : 
Let  X  =  ml.  of  0.1611  A  bromate-bromide  solution  required 
to  brominate  the  o-  and  p-xyli  dines;  and  let  A  =  net  ml.  of 
0.1611  A  bromate-bromide  required  for  the  sample;  then  A  — 
X  —  ml.  of  0.1611  A  bromate-bromide  solution  required  for  the 
TO-xylidine. 

Let  C  =  per  cent  of  xylidine  by  nitrite  consumption  X  0.01 ; 
and  let  B  =  weight  of  sample  X  C. 

Since  1  ml.  of  0.1611  A  Br~  —  BrC>3~  =  0.004880  gram  of  o- 
and  p-,  and  1  ml.  of  0.1611  A  Br~  —  Br03_  =  0.009761  gram  of 
to-,  then,  0.004880  X  +  0.009761  (A  —  X)  =  B,  and  X  =  2A  — 
B 

0.004880' 

The  weight  of  o-  and  p-xylidine  =  0.004880  X,  or  0.009761 
A  —  B. 


Table  I.  Analysis  of  Known  Mixtures  of  Xylidines 

%  Meta, 


% 

% 

Total  %  Meta 

Actual, 

Minus 

% 

% 

Total  % 
3,4-  and 

2.4-, 

2,6-, 

Actual 

(2,4- 

+  2,6-) 

%  Meta, 

3,4-, 

Actual 

2,5-, 

2,5-, 

Actual 

Actual 

Actual 

Found 

Found 

Actual 

0.0 

0.0 

0.0 

3.8 

-3.8 

2.0 

98.0 

100.0 

0.0 

0.0 

0.0 

6.2 

-6.2 

9.8 

90.2 

100.0 

0.0 

0.0 

0.0 

4.5 

-4.5 

4.9 

95.1 

100.0 

7.5 

3.1 

10.6 

14.3 

-3.7 

2.0 

87.4 

89.4 

7.4 

3.0 

10.4 

14.3 

-3.9 

4.8 

84.8 

89.6 

7.7 

2.9 

10.6 

15.2 

-4.6 

9.0 

80.4 

89.4 

15.8 

3.1 

18.9 

23.3 

-4.4 

9.6 

71.5 

81.1 

16.6 

2.9 

19.5 

23.3 

-3.8 

5.9 

74.6 

80.5 

17.2 

3.0 

20.2 

22.9 

-2.7 

1.9 

77.9 

79.8 

25.0 

3.0 

28.0 

30.1 

-2.1 

2.0 

70.0 

72.0 

24.8 

2.9 

27.7 

31.4 

-3.7 

9.7 

62.6 

72.3 

26.2 

2.9 

29.1 

31.4 

-2.3 

2.4 

68.5 

70.9 

26.8 

3.0 

29.8 

32.6 

-2.8 

5.0 

65.2 

70.2 

26.8 

2.9 

29.7 

33.3 

-3.6 

9.9 

60.4 

70.3 

32.8 

3.0 

35.8 

37.6 

-1.8 

1.8 

62.4 

64.2 

33.6 

2.9 

36.5 

38.3 

-1.8 

2.7 

60.8 

63.5 

33.2 

3.0 

36.2 

39.7 

-3.5 

9.8 

54.0 

63.8 

35.0 

3.0 

38.0 

39.9 

-1.9 

1.9 

60.1 

62.0 

36.6 

2.9 

39.5 

41.6 

-2.1 

6.7 

53.8 

60.5 

36.1 

3.0 

39.1 

42.4 

-3.3 

9.9 

51.0 

60.9 

37.8 

3.0 

40.8 

42.4 

-1.6 

2.0 

57.2 

59.2 

41.9 

3.0 

44.9 

46.4 

-1.5 

2.0 

53.1 

55.1 

42.1 

3.0 

45.1 

47.1 

-2.0 

6.9 

48.0 

54.9 

48.9 

0.0 

48.9 

50.0 

-1.1 

2.2 

48.9 

51.1 

47.1 

2.9 

50.0 

51.2 

-1.2 

2.1 

47.9 

50.0 

40.3 

10.0 

50.3 

51.6 

-1.3 

4.9 

44.8 

49.7 

48.1 

3.0 

51.1 

52.4 

-1.3 

6.9 

42.0 

48.9 

51.5 

3.0 

54.5 

55.6 

-1.1 

2.1 

43.4 

45.5 

52.3 

3.0 

55.3 

55.7 

-0.4 

6.9 

37.8 

44.7 

50.4 

10.0 

60.4 

61.0 

-0.6 

4.9 

34.7 

39.6 

60.3 

2.9 

63.2 

63.0 

+  0.2 

2.6 

34.2 

36.8 

60.3 

3.0 

63.3 

63.6 

-0.3 

7.6 

29.1 

36.7 

61.8 

2.5 

64.3 

65.1 

-0.8 

6.9 

28.8 

35.7 

61.7 

3.1 

64.8 

64.6 

+  0.2 

2.0 

33.2 

35.2 

61.7 

3.1 

64.8 

64.8 

0.0 

2.0 

33.2 

35.2 

61.7 

3.1 

64.8 

64.9 

-0.1 

2.0 

33.2 

35.2 

61.7 

3.1 

64.8 

64.3 

+0.5 

2.0 

33.2 

35.2 

61.7 

3.1 

64.8 

64.4 

+  0.4 

2.0 

33.2 

35.2 

61.7 

3.1 

64.8 

64.7 

+  0.1 

2.0 

33.2 

35.2 

62.1 

3.0 

65.1 

65.6 

-0.5 

2.0 

32.9 

34.9 

60.0 

9.9 

69.9 

70.7 

-0.8 

5.0 

25.1 

30.1 

68.8 

3.8 

72.6 

73.4 

-0.8 

7.2 

20.2 

27.4 

69.8 

3.9 

73.7 

73.5 

+  0.2 

2.0 

24.3 

26.3 

71.5 

4.0 

75.5 

75.6 

-0.1 

2.3 

22.2 

24.5 

73.7 

3.9 

77.6 

77.6 

0.0 

5.1 

17.3 

22.4 

79.2 

5.3 

84.5 

83.3 

+  1.2 

2.3 

13.2 

15.5 

79.1 

5.2 

84.3 

83.5 

+  0.8 

2.6 

13.1 

15.7 

85.4 

4.7 

90.1 

88.7 

+  1.4 

3.1 

6.8 

9.9 

84.6 

5.5 

90.1 

89.9 

+  0.2 

1.7 

8.2 

9.9 

89.3 

5.6 

94.9 

94.2 

+  0.7 

1.8 

3.3 

5.1 

89.7 

5.5 

95.2 

94.5 

+  0.7 

2.1 

2.7 

4.8 

94.4 

5.6 

100.0 

98.6 

+  1.4 

0.0 

0.0 

0.0 

94.8 

5.2 

100.0 

98.6 

+  1.4 

0.0 

0.0 

0.0 
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which  are  to  be  applied  to  the  found  meta  content.  The 
curve  was  drawn  by  the  method  of  least  squares  to  fit  best 
the  values  which  are  given  in  Table  I.  The  corrected  per¬ 
centage  of  meta  is  subtracted  from  the  total  percentage  of 
xylidine  (as  determined  by  the  nitrite  titration)  to  get  the 
corrected  percentage  of  ortho  and  para. 


Precision  and  Accuracy 


The  precision  of  the  method  was  calculated  by  making  six 
determinations  upon  aliquots  from  a  single  alcoholic  solution 
which  was  made  up  to  contain  in  10  ml.,  0.2016  gram  of 
xylidine,  of  which  61.7  per  cent  was  2,4-,  3.1  per  cent  2,6-, 
33.2  per  cent  2,5-,  and  2.0  per  cent  3,4-dimethylaniline.  The 
separate  uncorrected  values  and  the  deviations  were  as 
follows: 


Determination  1 

Meta,  per  cent  64.6 

Deviation  of  meta  from 

mean,  per  cent  0.0 

Average  per  cent  devia¬ 
tion  of  meta  from  mean  ±0.2 


2  3  4  5  6  Mean 

64.8  64.9  64.3  64.4  64.7  64.6 

0.2  0.3  0.3  0.2  0.1 


Although  the  average  deviation  from  the  mean  for  the  ex¬ 
ample  given  is  only  ±0.2  per  cent,  yet  the  variations  caused 
by  differences  in  composition  of  the  sample  are  more  serious. 
Table  I  summarizes  the  values  which  were  obtained  with  a 
number  of  synthetic  mixtures  in  which  the  percentage  of 
meta  was  varied  from  0  to  100  per  cent,  with  corresponding 
variations  in  ortho  and  para.  Obviously  it  would  be  im¬ 
possible  to  cover  all  the  possible  variations  in  the  proportions 
of  the  isomers,  but  it  was  thought  that  those  chosen  gave  a 
selection  which  was  inclusive  enough  so  that  the  information 
could  be  applied  to  the  analysis  of  the  commercial  mixtures 
which  might  be  encountered.  In  all  these  synthetic  mixtures 
(with  one  exception)  the  2,4-  and  2,5-  isomers  are  each  present 
in  higher  concentration  than  the  2,6-  and  3,4-,  as  would  be 
true  for  actual  commercial  samples.  Neither  3,5-  nor  2,3- 
was  included  because  their  presence  in  commercial  xylidine 
has  not  been  proved.  Figure  1  gives  the  corrections  to  be  ap¬ 
plied  for  various  percentages  of  meta.  It  is  obvious  that  the 
method  gives  decreasingly  high  values  for  meta  up  to  about 
70  to  75  per  cent  meta  content,  above  which  it  gives  low 
values.  By  applying  these  corrections,  the  values  for  m- 


xylidine  (and  for  total  o-  and  p-xylidines)  will  usually  vary 
from  the  true  values  within  about  ±  1  per  cent  of  xylidine. 

Effects  of  Isomers  upon  Bromination 

This  behavior  indicates  that  one  or  both  of  the  m-xylidines 
consume  more  than  the  theoretical  amount  of  bromine, 
whereas  the  ortho  or  para  isomers,  or  both,  consume  less  than 
the  theoretical  amount  of  bromine. 

The  curves  in  Figure  2  correlate  the  positive  and  negative 
deviations  from  the  values  given  in  Figure  1  for  the  correc¬ 
tions  to  the  percentage  of  meta,  with  the  percentage  of  3,4- 
dimethylaniline  for  a  number  of  series  of  values  taken  to  in¬ 
clude  in  each  series  mixtures  which  are  within  a  restricted 
range  of  meta  values.  Almost  all  these  curves  show  a  definite 
trend  for  increasing  3,4-  concentrations  to  cause  increasing 
negative  deviations  from  Figure  1.  In  other  words,  3,4- 
causes  high  meta  values,  which  means  that  the  bromine  con¬ 
sumption  of  3,4-  is  low. 

The  behavior  of  the  individual  isomers  to  bromination  tends 
to  confirm  these  conclusions.  3,4-Dimethylaniline  always 
gave  very  low  bromination  values  which  ranged  from  about 
55  to  85  per  cent  of  the  theoretical  consumption  of  bromine, 
depending  upon  the  conditions  of  bromination.  2,4-Di- 
methylaniline,  under  conditions  of  bromination  even  less 
vigorous  than  those  which  gave  about  80  per  cent  bromina¬ 
tion  for  a  sample  of  3,4-dimethylaniline,  brominated  to  the 
extent  of  from  about  106  to  113  per  cent.  Under  similar 
conditions  2,6-  brominated  to  about  103  per  cent  and  2,5- 
to  about  99  to  100  per  cent. 

Summary 

A  method  is  described  for  the  determination  of  m-xylidine 
and  of  total  o-  and  p-xylidines  in  mixed  xylidines,  which  de¬ 
pends  upon  the  difference  in  bromine  consumption  of  the  m- 
xylidines  on  the  one  hand,  and  the  o-  and  p-xylidines  on  the 
other.  From  the  analyses  of  48  mixtures  of  pure  isomers  con¬ 
taining  from  0  to  100  per  cent  of  meta,  a  curve  was  obtained 
to  correct  for  the  underconsumption  of  bromine  caused  by 
3,4-dimethylaniline  and  the  overconsumption  caused  mainly 
by  2, 4-dime thylaniline.  With  such  variations  in  isomeric 
composition  as  may  conceivably  be  obtained  in  practice,  the 
method  should  give  values  for  the  meta  isomers  or  the  ortho 


Figure  2.  Deviations  in  Per  Cent  of  Meta  from  Correction  Curve  (Figure  1) 

(-J-)  Deviation  above  curve.  (  —  )  Deviation  below  curve 
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and  para  isomers  which  will  usually  be  correct  to  within  about 
±1  per  cent  of  xylidine.  Of  the  six  theoretically  possible 
xylidine  isomers,  the  effect  upon  the  method  of  the  presence 
of  3,5-dimethylaniline  and  2,3-dimethylaniline  was  not  con¬ 
sidered  because  of  their  probable  absence  from  commercial 
xylidines. 
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Laboratory-Type  Molecular  or  Short-Path  Still 

For  Vegetable  and  Animal  Fats  and  Oils 

S.  B.  DETWILER,  Jr.,  and  K.  S.  MARKLEY 
U.  S.  Regional  Soybean  Industrial  Products  Laboratory,  Urbana,  Ill. 


SUSTAINED  interest  is  evident  in  the  application  of 
molecular  or  short-path  distillation  to  the  concentration, 
separation,  and/or  purification  of  a  considerable  number  of 
organic  substances  whose  extremely  low  vapor  pressures  or 
thermal  instabilities  render  impossible  their  distillation  under 
ebullient  conditions.  A  partial  bibliography  on  the  subject 
published  by  the  authors  ( 1 )  last  year  contained  more  than 
100  references  to  the  scientific  and  patent  literature  for 
the  period  1922  to  1938.  Additions  to  this  bibliography 
since  that  time  have  brought  the  list  of  titles  to  approxi¬ 
mately  150,  a  considerable  number  of  which  are  concerned 
with  the  design  and  application  of  stills  and  accessory 
equipment.  The  stills  thus  described  range  in  size  from 
micro  to  plant  scale  having  capacities  as  high  as  8  tons  of 
distillate  a  day  and,  in  design,  from  simple  pot  or  batch  types 
to  wholly  automatic,  single-  and  multiple-column  types.  In 
addition  to  the  various  types  and  sizes  of  stills  which  have 
been  described  in  the  literature,  numerous  others  have  been 
designed  and  applied  both  in  this  country  and  abroad  to 
specific  problems  of  separation  or  purification  of  natural  or 
synthetic  products  of  organic  origin. 

The  technique  of  molecular  distillation  has  been  applied  to 
the  separation  and  purification  of  natural  products  by  one  of 
the  authors  for  the  past  5  years,  and  for  the  past  2  years  the 
U.  S.  Regional  Soybean  Industrial  Products  Laboratory  has 
had  in  operation  four  different  types  of  molecular  stills  for  the 
purpose  of  concentrating,  fractionating,  and  purifying  free 
fatty  acids,  sterols,  sterol  acetates,  vitamins,  antioxidants, 
glycerides,  and  various  esters  derived  from  soybean  oil.  In 
the  latter  investigations  both  pot-  and  column-type  stills,  for 
the  most  part  similar  to  those  described  by  Mair,  Schicktanz, 
and  Rose  (6),  were  used  at  first;  but  it  was  soon  found  that 
their  column  still,  which  was  originally  designed  for  the  frac¬ 
tionation  of  lubricating  oils,  was  not  well  adapted  to  the  in¬ 
vestigation  of  fatty  oils.  Accordingly  the  distillation  unit 
was  modified  by  reducing  the  number  of  annuli  and  receivers, 
increasing  the  distribution  of  distilland  over  the  distilling  sur¬ 
faces,  eliminating  splashing  at  the  point  of  ingress  of  the  oil  to 
the  column  proper,  increasing  the  capacity  of  the  still  by  en¬ 
larging  the  size  of  the  column,  and  designing  the  receiver  units 
to  allow  for  intermittent  withdrawal  of  fractions  without  in¬ 
terrupting  the  distillation.  As  a  consequence  the  over-all 
efficiency  of  the  distillation  of  the  fatty  oils  was  increased. 


Details  of  Still  Construction 

Various  methods  have  been  devised  in  an  effort  to  direct  the 
distilland  onto  the  distilling  surface  without  splashing  and  to 
provide  even  distribution  of  the  film  over  the  distilling  sur¬ 
face.  Jewell,  Mead,  and  Phipps  (6)  resorted  to  the  use  of  a 
serrated  distributor  at  the  top  of  the  column  and  a  spirally 
wound  wire  over  the  distilling  surface  in  order  to  distribute 
and  turn  the  film.  Hickman  (/)  introduced  a  pair  of  con¬ 
centric  wire  gauze  distributors  at  the  point  of  ingress  of  the 
oil  to  the  column  and  applied  a  spiral  embossing  to  the  surface 
of  the  column  in  order  to  improve  the  distribution  of  the  film. 
Fawcett  and  Burrows  (8)  surrounded  the  column  at  intervals 
with  bands  of  wire  gauze  or  employed  a  combination  of  re¬ 
cesses  and  baffles  at  intervals  along  the  surface  of  the  column. 
In  the  column  still  shown  in  Figure  1  these  objectives  were 
accomplished  in  a  simple  manner  by  the  use  of  a  tapered 
sleeve-guide  to  admit  the  oil  to  the  still,  by  the  provision  of  a 
mushroom  head  at  the  top  of  the  column,  and  by  roughening 
the  distilling  surface  by  fusing  over  its  entire  area  a  coating  of 
fragmented  glass  of  proper  size. 

The  oil  flowing  from  the  prongs  is  directed  onto  the  constricted 
end  of  the  column,  and  any  material  which  spatters  or  fails  to 
flow  down  this  surface,  which  may  be  the  case  at  low  temperatures 
when  the  oil  is  relatively  viscous,  will  nevertheless  be  confined  by 
the  walls  of  the  sleeve  and  be  directed  onto  the  mushroom  head  at 
the  expanded  part  of  the  column.  The  combination  of  sleeve 
and  mushroom  head  ensures  uniform  distribution  from  the  high¬ 
est  point  of  the  distilling  surface.  Even  with  incompletely  de¬ 
gassed  oils,  uniform  distribution  was  obtained,  and  the  chamber 
containing  the  spiral  served  to  complete  the  degassing  of  the  oil 
prior  to  admission  to  the  column  proper. 

Roughening  of  the  distilling  surface  by  fusing  to  it  fragmented 
glass  of  appropriate  size  provides  innumerable  tortuous  channels 
for  the  flow  of  the  film,  which  not  only  results  in  uniform  distribu¬ 
tion  of  the  distilland  but  also  introduces  a  certain  amount  of  tur¬ 
bulence.  As  pointed  out  by  Fawcett  ( 2 ),  evaporation  of  the  more 
volatile  components  from  the  surface  of  the  film  results  in  im¬ 
poverishment  of  the  outer  layer,  while  the  inner  portions  of  the 
film  may  still  be  relatively  rich  in  these  components;  this  condi¬ 
tion  leads  to  their  incomplete  removal  during  passage  of  the  dis¬ 
tilland  through  the  still.  Judged  by  the  increased  efficiency  of 
the  distillation  with  the  use  of  *the  roughened  or  frosted  surface 
in  comparison  with  the  smooth  surface  previously  employed, 
sufficient  turbulence  is  attained  to  overcome  the  impoverishment 
of  the  volatile  components  through  distillation  at  the  outer  sur¬ 
face  of  the  film. 

The  particle  size  of  the  glass  fragments  may  be  varied  to  suit 
conditions,  and  other  materials  such  as  quartz,  garnet,  and  silicon 
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diameter  given  for  all  tubing 


carbide  may  be  used  in  the  place  of  glass.  Because  of  its  sharp¬ 
ness,  which  it  retains  even  after  fusing  to  the  glass,  silicon  carbide 
is  ideal  from  certain  standpoints,  but  it  presents  difficulties  in 
fusing  to  the  glass  and  tends  to  become  detached  during  service. 
Several  techniques  have  been  developed  for  frosting  the  surface 
without  resultant  distortion  of  the  column.  This  operation  is, 
however,  most  readily  accomplished  by  selecting  a  glass  of  a 
lower  (ca.  100°  C.)  fusion  point  than  that  of  the  column  proper. 
The  glass  is  crushed  in  an  iron  mortar  and  sifted  to  provide  the 
required  size,  which  should  not  be  too  fine  or  too  uniform,  and 
glass  of  coarser  mesh  is  preferred  to  finer  sizes.  The  temperature 
should  be  as  low,  and  the  time  of  heating  during  the  application 
of  the  frosting  as  short,  as  possible  commensurate  with  good  ad¬ 
herence,  in  order  to  avoid  too  much  fusion  and  consequent 
smoothing  of  the  attached  fragments.  A  similar  type  of  surface 
can  be  obtained  with  metal  columns,  either  by  the  use  of  rough 
sand-cast  tubes  or  by  sandblasting  in  the  case  of  turned  surfaces. 

The  multiple  collecting  annuli  and  receivers  of  the  original  still 
were  replaced  in  the  new  design  by  a  single  annulus  and  receiver, 
the  latter  arranged  to  permit  removal  of  fractions  without  inter¬ 
fering  in  any  way  with  the  continuous  distillation  (see  Figure  2). 


Figure  2.  Assembly  of  Molecular  Still  and  Acces¬ 
sory  Equipment 
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The  large  internal  volume  of  the  still  made  it  impractical  to  pack 
the  interior  with  jack  chain  as  was  done  in  the  original  and  much 
smaller  still.  Coarse  aluminum  turnings  were  found  to  be  ideally 
suited  as  a  packing  material.  Temperatures  in  the  packed  col¬ 
umn  are  measured  by  means  of  a  number  of  thermocouples 
mounted  in  thin,  small-bore  glass  tubes  bound  together  by  as¬ 
bestos  cord  and  situated  in  the  axis  of  the  column,  and  also  by 
red  reflecting  mercurial  thermometers  placed  in  the  packing  next 
to  the  interior  front  surface.  Both  thermocouples  and  thermome¬ 
ters  are  supported  and  maintained  in  their  proper  positions  by 
the  packing  material;  and,  at  equilibrium,  their  readings  differ 
by  not  more  than  2°  to  3°  C. 

As  in  the  case  of  the  original  still,  the  present  column  is  heated 
internally  by  refluxing  over  the  packing  material  a  suitable  sol¬ 
vent  such  as  kerosene  or  an  Arochlor.  The  flask  containing  the 
reflux  liquid  is  heated  on  the  bottom  by  a  variac-controlled  re¬ 
sistance  coil  and  on  the  sides  by  a  woven  basket  of  resistance  wire. 
An  auxiliary  mechanical  pump,  immediately  below  the  one  shown 
in  Figure  2,  is  used  for  controlling  the  pressure  above  the  liquid  in 
the  reflux  boiler,  as  well  as  for  lowering  the  mercury  in  the  Mc¬ 
Leod  gage.  A  manometer  in  the  reflux  line  shown  just  to  the 
upper  right-hand  side  of  the  column  is  graduated  to  correspond 
to  approximate  temperatures  produced  in  the  still  rather  than  to 
actual  pressure. 

The  condensing  surface  of  the  column  is  cooled  by  air  jets  di¬ 
rected  against  its  surface  from  a  perforated  spiral  of  1.25-cm. 
(0.5-inch)  copper  tubing  as  shown  in  Figure  2.  The  helix  was 
formed  on  a  mandrel  and  then  perforated  around  the  inside  with 
holes  drilled  at  intervals  of  2.5  cm.  (1  inch).  The  spiral  was 
fitted  with  four  feed  lines  for  compressed  air  and  the  completed 
coil  screwed  over  the  column  prior  to  sealing  on  the  reflux  boiler 
at  the  point  indicated  by  the  dashed  line  in  Figure  1. 

The  accessory  vacuum-producing  equipment  is  of  the  conven¬ 
tional  type  and  consists  essentially  of  a  mechanical  pump,  mer¬ 
cury  diffusion  pump,  and  a  cooling  trap.  The  free  air  pressure  is 
measured  by  means  of  a  McLeod  gage,  and  total  pressure  within 
the  still  is  approximately  measured  by  a  thermal  conductivity 
gage.  No  stopcocks  are  used  in  the  high  vacuum  line  except  in 
the  by-pass  to  the  McLeod  gage,  the  fraction  cutter,  and  the  resi¬ 
due  receiver.  The  first-mentioned  is  of  the  mercury-sealed  type, 
and  the  latter  two  are  sealed  with  glycol  phthalate  resin  (7)  which 
is  solid  except  for  the  interval  in  which  it  is  heated  during  the 
operation  of  removing  fractions.  In  the  low  vacuum  lines  either 
double  15-mm.  bore  vacuum-ground,  grease-lubricated  stopcocks 
or  single  mercury-sealed  stopcocks  are  used.  Only  dry  air  is  ad¬ 
mitted  to  the  system,  except  during  charging  and  cleaning.  Con¬ 
sequently,  the  mercury  in  the  diffusion  pump  and  in  the  McLeod 
gage  has  remained  brilliant  and  free  from  fouling  after  more  than 


2  years  of  service.  Dry  ice  and  acetone  are  used  in  the  cooling 
trap  during  cleaning  operations  to  prevent  diffusion  of  the  sol¬ 
vent  backward  to  the  pumps  and  McLeod  gage. 

When  the  still  was  first  placed  in  operation,  a  crude  soy¬ 
bean  oil  which  had  been  partially  degassed  was  passed 
through  the  column  to  complete  the  degassing.  Practically 
all  the  remaining  gas  appeared  to  be  liberated  at  the  dripping 
prongs  and,  consequently,  the  oil  spread  smoothly  over  the 
distilling  surface.  The  temperature  of  the  column  during  this 
operation  was  maintained  at  100°  to  130°  C.,  and  it  was  noted 
that  in  this  temperature  range  appreciable  distillation  oc¬ 
curred;  approximately  15  ml.  of  distillate  per  liter  of  distilland 
collected  in  the  receiver,  and  considerable  crystalline  mate¬ 
rial  collected  on  the  condensing  surface.  (The  nature  and 
properties  of  the  distillate  will  be  discussed  in  a  later  publica¬ 
tion  dealing  with  the  composition  of  soybean  oil.)  In  a  con¬ 
siderable  number  of  previous  runs  which  were  made  with  soy¬ 
bean  oil  in  the  older  type  of  still,  no  appreciable  distillation 
was  evident  below  180°  C.  A  similar  but  less  marked  lower¬ 
ing  of  the  distillation  temperatures  of  other  products,  includ¬ 
ing  the  glyceride  components  of  the  oil,  was  likewise  observed 
in  the  modified  still  as  compared  with  the  previous  still.  The 
improved  efficiency  of  distillation  appears  to  have  resulted 
from  the  better  distribution  of  the  film  over  the  distilling  sur¬ 
face,  the  increased  time  required  for  passage  of  the  oil  through 
the  system,  and  the  turbulence  in  the  flow  which  resulted 
from  roughening  the  distilling  surface. 
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A  Small  Buchner  Funnel  for  Qualitative  Organic  Analysis 

C.  A.  ROSWELL 

University  of  Kentucky,  Lexington,  Ky. 


IN  THE  analysis  of  organic  compounds  small  amounts  of 
crystalline  derivatives  must  often  be  filtered  with  suction. 
The  usual  method,  employing  a  small  60°  funnel  with  a  loose 
Witt  plate  and  a  side-arm  test  tube,  is  not  always  satisfactory. 
Considerable  trouble  may  be  en¬ 
countered  in  obtaining  a  tight  fit  be¬ 
tween  the  filter  paper  and  the  funnel, 
and  the  loose  plate  invariably  tilts  to 
one  side  or  the  other,  giving  an  un¬ 
even  deposit  of  crystals.  The  funnel 
shown  in  the  drawing  is  a  more 
convenient  arrangement. 

A  Witt  plate  of  a  size  that  just 
slipped  into  a  200  X  25  mm.  Pyrex 
test  tube  was  placed  so  that  its  edges 
rested  against  the  curved  portion  of  the 


bottom  of  the  tube,  and  was  sealed  in  by  rotating  the  tube  in 
an  oxgyen  gas  flame  and  annealing  well  in  a  smoky  flame.  A 
small  tube  was  then  sealed  to  the  bottom  of  the  test  tube,  cut 
off,  and  ground  to  a  60°  angle.  The  funnel  was  completed  by 
cutting  off  the  test  tube  20  mm.  above  the  plate  and  flaring  the 
edge  out  slightly  with  a  carbon  rod. 

It  is  easy  to  seal  in  the  porcelain  plate,  as  porcelain  will  seal 
readily  to  Pyrex  glass  (7).  Funnels  of  various  sizes  may  be 
made  by  choosing  the  appropriate  plate  and  tubing  sizes. 
Filter  circles  to  fit  the  funnel  closely  may  be  made  from 
larger  paper  by  cutting  them  out  with  a  cork  borer  of  the 
correct  size. 
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Assay  of  Vitamin  A  with  the  Photoelectric 

Colorimeter 

R.  B.  FRENCH,  Florida  Agricultural  Experiment  Station,  Gainesville,  Fla. 


International  Units  Vitamin  A 
Figure  1.  Rate  of  Fading  with  Blue  Reaction 

THE  blue  color  developed  when  a  mate¬ 
rial  containing  vitamin  A  reacts  with  anti¬ 
mony  trichloride  (1)  has  been  widely  used  as  a 
means  for  estimating  vitamin  A  colorimetri- 
cally  (4).  It  has  been  recognized  that  this 
colorimetric  reaction  not  only  presents  difficul¬ 
ties  (5,  8)  but  also  has  value  under  given  condi¬ 
tions  (1,8). 

The  aim  of  this  note  is  to  give  some  observa¬ 
tions  obtained  with  the  Cenco  photelometer  us¬ 
ing  the  Carr-Price  procedure  (2)  with  a  reference 
cod  liver  oil  containing  3000  units,  a  shark  liver 
oil  (Sharkol,  Shark  Ind.)  containing  20,000  units, 
and  a  fish  fiver  oil  concentrate  (Hepicoleum, 
Lilly)  containing  55,000  international  units  of 
vitamin  A  per  gram. 

Experimental 

Samples  of  oil  were  weighed  and  made  up  to  25-ml. 
volume  with  chloroform.  Aliquots  from  this  volume 
were  increased  to  10  ml.,  and  1  ml.  of  this  mixture 
was  pipetted  into  the  colorimeter  cup.  Ten  millili¬ 
ters  of  30  per  cent  antimony  trichloride  in  chloro¬ 
form  were  rapidly  added  from  an  automatic  pipet 
into  the  cup  which  was  in  place  on  the  photelometer 
and  then  readings  were  started. 

The  Cenco  No.  4  filter  was  used  with  the  in¬ 
strument,  which  is  calibrated  to  read  percentage 
transmission  of  fight  directly.  The  blue  color  de¬ 


veloped  after  mixing  fades  rapidly.  To  exemplify  the  fading, 
Figure  1  was  constructed.  Samples  containing  different  quanti¬ 
ties  of  Hepicoleum  were  treated  according  to  the  outlined  proce¬ 
dure  and  readings  were  taken  at  consecutive  30-second  intervals 
after  the  instant  of  mixing,  as  indicated  by  the  stopwatch. 
The  international  units  noted  on  the  abscissa  were  obtained 
from  the  manufacturer’s  analysis.  Rates  of  fading  for  all  the 
samples  were  similar  and  the  blue  color  had  disappeared  from 
the  more  dilute  samples  by  the  end  of  10  minutes,  being  sup¬ 
planted  by  a  rose. 

Figure  1  shows  that  the  depth  of  blue  color  developed  is 
proportional  to  the  quantity  of  oil  taken  if  the  time  interval 
used  is  a  constant.  Taking  the  convenient  interval  of  30 
seconds  for  measurement,  color  was  developed  in  different 
quantities  of  Hepicoleum,  Sharkol,  and  the  standard  cod 
fiver  oil  both  before  and  after  saponification.  The  data  re¬ 
sulting  are  plotted  for  purposes  of  comparison  in  Figure  2. 
The  concentration  of  vitamin  A  was  computed  from  the 
manufacturers’  report  and  an  equivalent  distance  was  laid 
off  on  the  z-axis  for  each  sample.  Saponification  was  ac¬ 
complished  by  adding  to  each  gram  of  the  oil  1.5  ml.  of  77 
per  cent  alcohol  saturated  with  potassium  hydroxide  and 
warming  until  solution  occurred  (6) . 

The  nn saponified  material  was  extracted  5  times  with  pe¬ 
troleum  ether.  The  petroleum  ether  was  evaporated  over 
nitrogen  and  the  residue  taken  up  in  chloroform  and  treated 
as  outhned  above. 


Figure  2.  Photelometer  Readings 
Cenco  photelometer,  filter  No.  4,  and  Carr-Price  reaction 
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Discussion 

From  the  graphs  presented  it  is  obvious  that  it  is  possible 
to  measure  the  blue  color  developed  with  antimony  trichloride 
with  accuracy,  even  though  the  rate  of  change  in  the  intensity 
of  color  is  rapid. 

An  attempt  was  made  to  slow  down  the  rate  of  fading  of 
the  blue  color  through  addition  of  acids,  dehydrating  agents, 
or  phenols  (7) .  Of  the  materials  tried  phosphoric  acid  seemed 
the  most  efficient,  but  its  effect  was  only  apparent,  since  a 
slight  cloudiness  developed  in  the  solution  that  tended  to 
compensate  for  the  fading  of  the  blue  color. 

Fading  continued  progressively  beyond  the  readings 
given,  although  at  a  slower  rate,  but  on  the  more  dilute  solu¬ 
tion  was  complete  in  from  5  to  10  minutes. 

The  data  in  Figure  2  indicate  that  Beer’s  law  is  followed  by 
the  color  development  in  each  sample.  The  reference  cod 
liver  oil  developed  the  least  color  for  a  given  amount  of  vita¬ 
min  A  and  saponification  reduced  considerably  the  quantity 
of  material  that  formed  color  with  the  reagent.  The  outside 
limits  of  losses  due  to  the  manipulation  of  saponification  are 
suggested  by  a  comparison  of  the  two  curves  for  the  concen¬ 
trate.  Resaponification  of  this  material  caused  only  a  small 
change  in  value.  A  comparison  of  the  curves  for  cod  liver 
oil  and  the  concentrate  shows  (if  the  biological  standardiza¬ 
tions  are  accurate)  that  there  are  still  major  quantities  of 
material,  other  than  vitamin  A,  left  after  saponification  that 
are  capable  of  either  forming  the  blue  color  or  perhaps  in¬ 


hibiting  its  formation  in  the  oils.  Thus,  this  colorimetric 
procedure  could  be  used  with  confidence  only  with  evidence 
that  various  samples  of  the  same  kind  of  oil  contained,  either 
before  or  after  saponification,  approximately  the  same  ratio 
of  vitamin  active  to  inactive  chromogenic  materials. 

Summary 

Results  obtained  using  the  Cenco  photelometer  and  the 
antimony  trichloride  reaction  for  vitamin  A  determination 
are  reported.  Comparative  determinations  were  made  on  a 
reference  cod  liver  oil,  3000  units,  shark  liver  oil,  20,000  units, 
and  a  fiver  oil  concentrate,  55,000  international  units  per 
gram. 

The  photelometer  gives  consistent  and  reproducible  results 
on  the  blue  reaction. 

The  blue  color  fades  rapidly;  nevertheless,  with  close 
timing  it  is  possible  to  make  replicate  determinations  check. 
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An  Efficient  Low-Holdup  Laboratory  Column 
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A  new  type  of  packing  is  described  which 
combines  high  efficiency  and  low  holdup. 
The  all-glass  construction  is  simple  and 
economical,  besides  eliminating  the  diffi¬ 
culties  of  metallic  packings.  A  low  hold¬ 
up  and  an  efficiency  of  85  theoretical  plates 
make  it  especially  valuable  for  precise  frac¬ 
tionation  of  small  volumes  of  hydrocarbon 
isomers.  The  extremely  small  back  pres¬ 
sure  will  allow  its  use  at  0.4  mm.  of  mer¬ 
cury. 

THE  efficient  separation  of  small  quantities  of  close-boiling 
liquids  is  a  widely  recognized  problem  of  increasing  im¬ 
portance.  In  order  to  separate  mixtures  of  hydrocarbons 
whose  boiling  points  differ  by  2°  or  3°  C.  a  fractionating 
column  of  80  to  100  theoretical  plates  is  necessary.  Of  all 
the  laboratory  columns  of  the  required  efficiency  described 
in  the  literature,  only  that  of  Stedman  (2)  has  even  potentially 
an  operating  holdup  of  less  than  50  cc.  Since  the  required 
length  of  9.5-mm.  Stedman  conical  packing  would  hold  up 
around  15  cc.,  it  cannot  be  used  for  close  fractionation  of  20 
to  100  cc.  of  material. 

Rose  ( 9 )  showed  that  efficiencies  up  to  17.5  plates  for  a  30- 
cm.  (12-inch)  column  could  be  obtained  with  a  6-mm.  empty 
tube  at  the  low  reflux  rate  of  11  cc.  per  hour.  Craig  (5) 
used  a  7-mm.  tube  with  a  4-mm.  closed  inner  tube  and  re¬ 


ported  17  plates  for  a  25-cm.  (10-inch)  air-jacketed  micro¬ 
column.  Low  capacities  have  limited  the  utility  of  such 
columns. 

This  article  details  the  use  of  close-fitting,  multiple  con¬ 
centric  glass  tubes  as  packing  in  an  efficiently  insulated  jacket 
to  produce  an  inexpensive  150-cm.  (5-foot)  column  with  an 
efficiency  of  about  85  theoretical  plates  and  a  holdup  of  some 
5  cc.,  at  the  reflux  rate  of  100  cc.  per  hour.  With  this  column 
it  is  possible  to  extend  precise  fractionation  to  small  volumes 
of  material. 

Still  Construction 

An  assembly  drawing  is  given  in  Figure  1.  The  Pyrex  glass, 
silvered  vacuum  jacket  is  made  from  16-  and  35-mm.  tubing. 
It  is  evacuated  by  means  of  a  mercury  diffusion  pump  and  Hyvac 
pump  for  some  time  before  use  and  continuously  during  a  dis¬ 
tillation.  A  discharge  tube  operated  from  a  spark  coil  serves  as 
a  rough  vacuum  gage.  Pyrex  neon  sign  electrodes  are  inexpen¬ 
sive  and  excellent  for  use  in  discharge  tubes.  Two  tightly  fitting 
cork  cylinders  carrying  thermometers  hold  the  vacuum  jacket  in 
a  51-mm.  tube  which  thus  provides  an  air  jacket.  Asbestos- 
covered  Nichrome  wire,  B.  &  S.  No.  20,  was  wound  around  the 
air  jacket  one  turn  per  2.5  cm.  (1  inch).  Standard  3.75-cm.  (1.5- 
inch)  magnesia  pipe  lagging  for  5-cm.  (2-inch)  pipe  completed  the 
insulation.  The  heated  jacket  was  not  used  in  the  efficiency  tests 
given  below,  but  at  temperatures  above  100°  C.  it  would  be  ad¬ 
visable.  The  air  space  and  pipe  lagging  are  necessary  when  the 
heated  jacket  is  used.  The  column  was  mounted  using  two  3- 
prong  clamps  which  were  tightened  on  the  51-mm.  tube  after  the 
Nichrome  wire  was  wound  and  before  the  pipe  lagging  was  bound 
on. 

The  packing  consisted  of  Pyrex  glass  tubes  of  the  dimensions 
shown  in  Table  I,  carefully  selected  for  straightness  and  uni¬ 
formity. 
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The  16-mm.  outside  diameter  tube  was  the  inner  tube  of  the 
vacuum  jacket.  The  upper  ends  of  the  tubes  were  ground  flat, 
the  lower  ends  at  an  angle  to  the  long  axis.  The  tubes  were 
spaced  with  respect  to  each  other  by  sealing  small  glass  tips  on  the 
outside  of  each  tube  every  37.5  cm.  (15  inches).  Indentations  on 
successive  tubes,  each  supporting  the  end  of  the  inside  one,  served 
to  hold  them  in  the  jacket  and  in  place.  The  tubes  were  made 
142.5  cm.  (57  inches)  long,  as  was  the  jacket,  because  the  longest 
glass  available  was  the  standard  150-cm.  (5-foot)  length.  The 
ratio  of  volume  to  surface  is  the  same  in  each  annular  space. 
There  is  a  total  of  2450  sq.  cm.  of  surface  and  120  cc.  of  free  space 
in  the  three  annular  spaces  of  the  packing. 

The  external  heater  used  consisted  of  a  flat  ring  of  Transite 
wound  radially  from  the  middle  outward  to  the  edge  with  4.5 
meters  (15  feet)  of  No.  24  B.  &  S.  Nichrome  wire  previously 
wound  in  a  3.1-mm.  (0.125-inch)  coil.  A  variable  autotrans- 


Table  I.  Dimensions  of  Ptrex  Tube  Packing 

Ratio  of  Volume 

Outside 

Inside 

to  Surface  in 

Projection  above 

Diameter 

Diameter 

Annular  Spaces 

Vacuum  Jacket 

Mm. 

Mm. 

1/cc. 

Mm. 

4 

Closed 

7 

8 

6 

o!o5 

3 

12 

10 

0.05 

1 

16 

14  (special  size) 

0.05 
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former  controlled  by  a  thermionic  relay  regulated 
the  current  through  the  heater.  For  heating 
volumes  over  100  cc.  more  resistance  is  needed 
in  the  heater.  The  manometer,  which  also  serves 
as  a  manostat,  contains  redistilled  dibutyl  phthal- 
ate  on  the  still-pot  side  and  6  per  cent  sodium 
chloride  solution  on  the  atmosphere  side.  The 
salt  solution  serves  as  the  regulating  contact  for 
the  thermionic  relay.  The  manometer  is  read 
directly  in  terms  of  millimeters  of  dibutyl  phthal- 
ate,  since  the  densities  of  the  two  liquids  are 
the  same.  At  low  reflux  rates  the  still-pot  heat¬ 
ing  was  set  manually  because  the  column  was 
too  sensitive  to  changes  in  heat  input.  For  the 
same  reason  it  is  good  practice  to  use  a  voltage¬ 
regulating  transformer  as  input  to  the  Variac 
autotransformer  because  of  line  fluctuations  on 
110- volt  alternating  current. 

For  efficiency  or  test  distillations  a  special 
140-cc.  flask  with  an  inner-sealed  siphon  was 
used,  in  order  that  samples  might  be  taken 
while  the  still  was  in  operation.  The  still  pot 
was  held  in  place  by  means  of  springs  joining 
the  glass  hooks  on  the  column  and  pot. 

A  calibrated  5-j  unction  copper-constantan 
couple  was  inserted  5  cm.  (2  inches)  into  the 
second  annular  space  at  the  head  of  the  column 
and  cemented  through  a  hole  in  the  wall  of  the 
head  with  Insalute  cement.  At  low  reflux  rates 
the  temperature  as  registered  here  fluctuates  as 
much  as  0.3°  C.  At  moderate  reflux  rates, 
however,  no  variation  of  temperature  occurs. 
For  the  distillation  of  small  amounts  of  material 
at  low  reflux  rates  a  modified  Craig-type  head 
(5)  is  very  convenient,  but  it  is  not  suited  for 
reflux  rates  over  125  cc.  per  hour  because  it 
strictly  limits  the  take-off  rate.  The  sample¬ 
collecting  cup  sealed  on  the  condenser  tip  has  a 
capacity  of  0.4  cc.  The  distribution  of  the 
reflux  in  the  head  is  important,  because  the  reflux 
ratio  in  each  space  must  be  the  same  or  the 
efficiency  will  be  limited  by  the  lowest  ratio. 
The  outside  annular  space  is  supplied  with  reflux 
from  the  walls  of  the  head  itself.  The  innermost 
space  is  supplied  by  the  drip  from  the  bottom 
of  the  cup.  The  middle  space  is  not  normally 
supplied  with  reflux  from  the  vapors  effluent 
from  it.  To  remedy  this  two  silver  strips  1  mm. 
wide  extending  to  the  edge  of  the  middle  space 
were  fastened  to  the  take-off  cup.  Reflux  is 
carried  by  the  strips  to  the  walls  of  the  space. 
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In  the  efficiency  tests  given  below  the  column  was  operated 
at  total  reflux.  In  the  distillation  described  later  the  reflux 
ratio  was  high — i.  e.,  450  to  1.  These  high  reflux  ratios  tend 
to  minimize  the  effects  of  unequal  reflux  distribution,  since  a 
difference  in  reflux  ratio  from  200:1  to  400:1  means  only  a 
plate  difference  in  column  efficiency.  As  long  as  the  lowest 
reflux  ratio  extant  in  the  three  annular  spaces  is  above  100  to  1 
considerable  variation  above  this  limit  may  exist  without 
material  change  of  fractionating  efficiency.  With  reflux 
ratios  below  100  to  1,  variations  in  reflux  ratio  will  seriously 
affect  the  column  efficiency.  Whether  the  reflux  distribution 
device  described  would  function  successfully  in  this  case  has 
not  been  determined. 


for  distillation  other  than  at  low  reflux  rates  because  increas¬ 
ing  the  reflux  rate  does  not  allow  increase  in  take-off  rate. 

Still  Holdup 

The  holdup  of  the  still  under  operating  conditions  was  deter¬ 
mined  (12)  by  taking  a  known  volume  of  a  volumetric  solution  of 
stearic  acid  in  n-heptane  and  methyl  cyclohexane  mixture  and 
determining  the  concentration  when  the  still  was  operating.  This 
was  done  by  evaporating  the  solvent  from  a  known  volume  si¬ 
phoned  from  the  still  pot  and  weighing  the  residue.  In  one  case 
the  still  pot  was  run  to  dryness,  the  heat  shut  off,  and  the  total 
drainage  determined.  Heating  the  vacuum  jacket  to  within  5  °  C. 
of  the  boiling  point  decreases  the  holdup  perceptibly.  The  reflux 
rate  was  determined  by  timing  the  drops  from  the  dripper  in  the 
still  pot.  The  flooding  point  was  not  determined. 


Still  Operation 

A  small  amount  of  hydrocarbon-insoluble  grease  applied  to  the 
upper  half  of  the  conical  ground  joint  on  the  column,  together 
with  three  coats  of  cojlodion  at  15-minute  intervals,  completes  the 
seal  from  column  to  pot.  After  the  distillation  the  collodion  is 
removed  with  a  razor  blade  and  needle.  The  joint  is  then  gently 
warmed  with  a  smoky  flame  and  the  pot  removed.  This  method 
works  well  with  liquids  boiling  up  to  125°  C.  The  still  heat  is 
adjusted  to  a  preliminary  value,  usually  a  high  one.  In  about  2 
hours  reflux  appears  at  the  top  and  the  heat  is  turned  down  in 
small  decrements  until  the  required  level  is  reached.  The  col¬ 
umn  is  at  approximate  equilibrium  after  10  hours  of  reflux  at  a 
given  heat  input  when  starting  with  the  column  and  liquid  cold. 
The  reflux  rate  is  determined  by  timing  the  drops  from  the  cali¬ 
brated  dripper  at  the  bottom  of  the  column.  All  reflux  rates  and 
reflux  ratios  given  are  calculated  from  the  reflux  return  at  the 
bottom  of  the  column. 

Samples  are  taken  from  the  head  at  predetermined  times  by 
starting  the  capillary  siphon  with  a  rubber  syringe  from  the 
sample  tube  as  shown  in  Figure  1.  Since  the  vapors  of  hydro¬ 
carbons  are  toxic  to  some  extent,  it  is  not  advisable  to  do  this 
with  the  mouth.  When  the  siphon  has  emptied  the  cup,  it  is 
left  to  drain  itself  for  a  few  minutes;  the  sample  tube  is  removed, 
and  a  closed-end  ground  joint  replaced  on  the  siphon.  If  samples 
are  to  be  taken  from  the  pot  they  are  taken  immediately  after 
this  with  the  still-pot  siphon.  All  the  data  necessary  to  describe 
column  operation  and  sample  properties,  including  temperature 
of  the  head,  are  taken  at  the  same  time.  If  the  heated  jacket  is 
used,  it  is  adjusted  to  the  required  temperature  at  least  24  hours 
before  use. 

Since  the  thermocouple  is  inserted  several  inches  into  the 
column,  it  does  not  give  the  boiling  point  of  the  liquid  in  the 
cup.  In  the  case  of  successive  samples  on  a  “plateau”  of  a 
distillation,  the  thermocouple  temperatures  will  agree  closely 
with  the  microboiling  point  of  the  cup  condensate,  but  on  the 
“breaks”  between  fractions  the  thermocouple  may  be  as 
much  as  20°  C.  high  compared  with  the  true  boiling  point. 
Each  time  the  cup  is  emptied  the  temperature  will  rise,  then 
fall  back  and  level  out  either  at  the  previous  temperature  or  at 
one  higher,  but  lower  than  the  initial  rise  on  draining  the  cup. 
This  is  due  to  establishment  of  total  reflux  after  sampling, 
with  consequent  enrichment  of  the  lowest  boiling  component 
in  the  head  of  the  column. 

A  knowledge  of  the  actual  take-off  rate  with  this  type  of 
head  can  be  gained  only  by  emptying  the  cup  as  soon  as  it 
fills.  When  the  reflux  rate  is  low,  vapor  and  liquid  diffuse 
slowly  to  the  cup,  which  means  slow  take-off  and  high  reflux 
ratio  with  maximum  efficiency.  At  the  low  rate  of  80  cc.  per 
hour  refluxed  the  cup  would  fill  once  every  hour.  If  the  re¬ 
flux  rate  is  now  increased  to  125  cc.  per  hour,  the  cup  fills 
every  15  minutes  because  the  vapor  now  condenses  above  the 
cup  and  drains  into  it.  When  the  cup  is  emptied  the  distillate 
fills  it  very  rapidly.  This  means  that  the  reflux  ratio  during 
the  filling  at  the  higher  reflux  rate  is  low  and  the  efficiency 
drops.  If,  however,  the  cup  is  not  emptied  as  soon  as  it  fills— 
i.  e.,  every  15  minutes— but  just  once  every  hour  the  cup  will 
overflow  at  least  three  times  its  volume  and  the  liquid  in  it  will 
be  replaced  with  that  extant  in  the  head  when  the  column  op¬ 
erates  at  total  reflux.  Thus  the  Craig-type  head  is  not  suited 


Table  II.  Holdup  vs.  Reflux  Rate 


Reflux  Rate 

Holdup 

Method 

Cc./hr. 

Cc. 

252 

8.5 

Stearic  acid 

120 

5.2 

Drainage 

84 

3.7 

Heated  Vacuum  Jacket 

Stearic  acid 

114 

3.4 

Stearic  acid 

Efficiency  Tests 

In  order  that  the  volume  of  the  more  volatile  constituent 
might  be  several  times  the  holdup  of  the  column,  120  cc.  of  the 
test  mixture  were  used.  Reflux  was  established  and  the  column 
run  initially  10  hours  to  equilibrium.  The  distillate  in  the  cup 
was  then  removed  and  3  hours  later  the  sample  for  that  reflux 
rate  was  taken  and  analyzed.  Two  hours  after  this  a  check 
sample  was  taken.  Bottom  samples  were  taken  only  on  the 
check  top  samples.  If  the  top  samples  checked  in  refractive  in¬ 
dex,  the  heat  input  was  increased  and  the  column  allowed  to 
operate  6  hours  at  the  new  reflux  rate.  The  distillate  in  the  cup 
was  then  discarded.  After  3  hours  more  a  sample  was  taken  and 
the  check  in  2  hours  repeated  as  above.  This  method  of  raising 
the  heat  input  and  running  to  equilibrium  was  used  for  the  data 
given  below. 

The  first  mixture  used  was  n-heptane  and  methyl  cyclohexane. 
The  n-heptane  (obtained  from  the  California  Chemical  Com¬ 
pany)  was  purified  by  chlorosulfonic  acid  treatment  and  subse¬ 
quent  distillation  through  a  25-plate  helices  column  at  a  reflux  ratio 
of  20  to  1.  Only  the  middle  cut  whose  properties  are  given  below 
was  used.  Eastman’s  “practical”  grade  of  methyl  cyclohexane 
was  treated  with  cold  concentrated  sulfuric  acid  and  distilled 
through  the  same  column  as  the  n-heptane  at  a  reflux  ratio  of 
25  to  1.  The  properties  of  the  middle  cut  are  given  below. 
The  second  mixture  used  was  isooctane  and  methyl  cyclohexane. 
The  isooctane  of  the  grade  used  for  antiknock  purposes  was  ob¬ 
tained  from  Rohm  &  Haas.  Since  its  physical  properties  as 
determined  in  this  laboratory  checked  closely  with  pure  2,4,4- 
trimethyl  pentane,  it  was  used  without  further  purification. 


n-Heptane 

Methyl  cyclohexane 

Isooctane 


Refractive  Index 
Boiling  Point  Litera- 

Pressure  Observed  Calculated  Observed  ture 


Mm.  Hg  °  C.  °  C. 


20°  C. 


743.3 

741.8 

747.2 


97.63 

100.05 

98.68 


97.65 

100.1 

98.64 


1 . 3878 
1.4232 
1.3917 


1.3877 
1 . 4232 
1.3916 


The  boiling  points  of  n-heptane  and  isooctane  were  calcu¬ 
lated  from  the  equations  given  by  Smith  and  Matheson  (10), 
while  that  of  methyl  cyclohexane  was  obtained  from  the  dt/dp 
of  0.046°  per  mm.  for  hydrocarbons  boding  near  100°  C.  (6). 
The  boiling  points  were  determined  using  a  Cottrell  pump 
apparatus  of  the  Quiggle,  Tongberg,  and  Fenske  (S')  type, 
with  a  calibrated  thermometer  graduated  in  0.1°  C.  and  re¬ 
calibrated  at  the  steam  point  before  use.  Refractive  indices 
given  in  this  work  were  taken  with  an  Abbe  refractometer 
having  an  accurate  thermometer  graduated  in  0.2°  C. 

Analysis  of  the  n-heptane  and  methyl  cyclohexane  mixture 
was  by  the  refractive  index  data  of  Bromiley  and  Quiggle  (3). 
The  isooctane  mixture  with  methyl  cyclohexane  was  analyzed 
by  refractive  index  assuming  additivity.  Except  at  low  con- 
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Figure  3. 


Distillation  of  ti-Heptaxe  and  Methyl  Cyclo¬ 
hexane  Mixture 


centrations  of  either  component  this  is  probably  correct  to 
within  a  few  per  cent.  A  more  serious  objection  to  the  use  of 
this  mixture  is  the  fact  that  its  deviation  from  ideality  is  un¬ 
known.  Beatty  and  Calingaert  (1)  have  shown  that  small 
variations  in  ideality  of  solutions  lead  to  serious  errors  in  the 
calculation  of  column  efficiencies  when  the  relative  volatility 
approaches  1.  The  data  obtained  by  its  use  are  therefore  not 
reliable  and  are  given  merely  for  comparison  with  the  n-hep- 
tane  and  methyl  cyclohexane  mixture  which  is  very  nearly 
ideal.  However,  with  this  latter  mixture  it  is  necessary  to 
use  the  extremes  of  concentration  when  the  still  efficiency  is 
near  100  plates.  This  means  that  the  formula  for  calculating 
efficiency  is  used  in  the  range  where  the  accuracy  of  the  data 
has  considerable  effect  on  the  calculated  efficiency. 

The  mixture  of  n-heptane  and  isooctane  is  ideal  within 
0.02  per  cent  ( 1 )  and  would  be  excellent  for  efficiency  tests 
except  that  the  refractive  index  would  then  have  to  be  deter- 


Table  III.  Efficiency  Tests 


Mole  Fraction- 


Reflux 

Back 

Refractive  Index 

n-Heptane 

H.  E. 

Rate 

Pressure 

Head 

Still 

Head 

Still 

Plates 

T.P. 

Cc./hr. 

Mm.  Hg 

Inch 

n-Heptane,  Methyl  Cyclohexane 

93 

0.22 

1.3887. 

1.4201 

0.972 

0.076 

84.9 

0.67 

194 

0.26 

1 . 3882 

1.4202 

0.987 

0.074 

97.2 

0.59 

236 

0.32 

1.3901 

1.4211 

0.927 

0.052 

76.7 

0.74 

252 

0.35 

1.3932 

1.4218 

0.827 

0.034 

69.0 

0.82 

Isooctane,  Methyl  Cyclohexane 

Mole  Fraction- 

Isooctane 

84 

0.19 

1.3940 

1.4173 

0.924 

0.185 

89.4 

0.64 

120 

0.23 

1.3952 

1.4174 

0.887 

0.184 

79.6 

0.72 

126 

0.25 

1.3980 

1.4176 

0.797 

0.177 

64.9 

0.88 

180 

0.28 

1.3969 

1.4180 

0.832 

0.164 

72.2 

0.79 

210 

0.36 

1.3966 

1.4183 

0.842 

0.155 

75.5 

0.76 

mined  to  the  fifth  place.  The  formula  used  for  calculation  of 
efficiency  was  that  given  first  by  Fenske  (7)  and  then  gener¬ 
alized  for  any  reflux  ratio  by  Smoker  {11).  In  comparing 
data  on  efficiency  obtained  by  use  of  different  mixtures,  it 
must  be  kept  in  mind  that  the  number  of  plates  necessary 
to  separate  a  mixture  increases  as  the  average  molecular 
weight  of  the  mixture  increases  (4).  Relative  volatility, 
alpha,  for  the  n-heptane  and  methyl  cyclohexane  mixture 
used  was  that  calculated  from  the  data  of  Beatty  and  Calin¬ 
gaert  ( 1 )  for  the  boiling  point  of  the  mixture  in  the  still;  alpha 
is  1.0726  for  the  data  given  in  Table  III.  For  the  isooctane 
and  methyl  cyclohexane  mixture,  alpha  was  calculated  from 
the  vapor  pressures  for  methyl  cyclohexane  given  by  Beatty 
and  Calingaert  (1)  and  those  for  isooctane  by  Smith  and 
Matheson  {10)  to  be  1.045.  In  Table  III  one  plate  has  been 
subtracted  to  correct  for  the  still  pot. 

Distillation  of  Known  Mixture 

Several  distillations  were  carried  out  with  the  vacuum 
jacket  heated  to  1°  C.  below  the  boiling  point  of  the  low-boil¬ 
ing  component.  Since  the  separation  obtained  was  no  better 
than  that  with  the  vacuum  jacket  alone,  the  heated  vacuum 
jacket  was  not  used  in  the  efficiency  tests.  In  the  distillation 
of  small  quantities  the  heated  vacuum  jacket  decreases  the 
holdup  and  is  useful  in  this  respect.  If  the  heated  jacket  is 
used,  care  must  be  taken  to  overcome  the  time  lag  between  the 
air-jacket  temperature  and  the  packing  temperature.  At 
temperatures  above  100°  C.  the  heated  jacket  would  be  most 
useful.  Figure  3  gives  the  distillate  composition  curve  ob¬ 
tained  from  a  charge  of  3.6  grams  of  n-heptane  and  11.6 
grams  of  methyl  cyclohexane  which  was  0.233  mole  fraction 
of  n-heptane.  The  reflux  ratio  was  450  to  1 .  Reflux  rate  was 
110  cc.  per  hour  and  take-off  rate  0.163  gram  per  hour.  The 
jacket  was  kept  at  75°  C.  The  distillation  -was  run  until  the 
distillate  showed  no  appreciable  change  in  composition.  The 
amount  of  the  low-boiling  material  present  is  just  about  the 
holdup  of  the  column,  so  that  the  curve  given  represents  the 
break  in  an  analytical  distillation  curve  writh  several  compo¬ 
nents. 

The  distillation  took  96  hours,  during  28  of  which  samples 
were  taken.  The  still  was  run  continuously  day  and  night, 
but  take-off  was  only  by  day.  x\t  the  end  the  column  was 
drained  3  hours  and  the  residue  weighed.  The  material  loss 
was  0.66  gram. 
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Microanalysis  of  Gases 

Acetylene,  Benzene,  and  Some  Procedure  Modifications 


F.  E.  BLACET,  A.  L.  SELLERS,  AND  W.  J.  BLAEDEL 
University  of  California  at  Los  Angeles,  Los  Angeles,  Calif. 


A  method  of  analysis  for  acetylene  in 
the  presence  of  propylene  and  carbon 
monoxide  uses  as  the  absorbing  reagent 
solid  mercuric  cyanide  and  potassium 
hydroxide.  In  the  microanalysis  for  ben¬ 
zene  vapor  both  fuming  sulfuric  acid  and 
ammoniacal  nickel  cyanide  are  satisfactory 
reagents. 

A  new  combustion  coil  for  the  burning 
of  gases  is  described,  and  a  change  in  the 
method  of  preparing  a  cupric  oxide-potas¬ 
sium  hydroxide  reagent  for  hydrogen  is 
given. 

SINCE  the  appearance  of  the  fourth  paper  of  this  series 
there  have  accumulated  in  this  laboratory  some  new 
methods  of  analysis  and  modifications  of  old  procedures  for 
the  microanalysis  of  gases. 

Acetylene 

Acetylene  can  be  determined  quantitatively  in  the  presence 
of  ethylene  and  saturated  hydrocarbons  by  using  a  bead  of 
solid  cuprous  chloride  and  potassium  hydroxide  as  the  reagent 
(2).  However,  in  a  recent  research  problem  of  this  laboratory 
it  was  important  to  analyze  for  acetylene  in  the  presence  of 
carbon  monoxide  and  propylene.  The  cuprous  chloride- 
potassium  hydroxide  reagent  reacts  slowly  with  carbon  mon¬ 
oxide,  the  solid  silver  oxide  normally  used  to  remove  carbon 
monoxide  reacts  rapidly  with  acetylene,  and  sulfuric  acid, 
being  the  common  reagent  for  absorbing  unsaturated  hydro¬ 
carbons,  will  combine  with  both  propylene  and  acetylene. 
Obviously  a  new  reagent  was  needed,  preferably  one  which 
would  remove  acetylene  and  not  react  with  the  other  two 
gases. 

Treadwell  and  Tauber  ( 5 )  recommended  a  solution  made 
by  dissolving  20  grams  of  mercuric  cyanide  in  100  cc.  of  2  A 
sodium  hydroxide.  The  authors  found  that  such  a  solution 
introduced  in  a  gas  sample  by  means  of  a  sintered-glass  bead 
(2)  absorbs  acetylene  quantitatively  in  10  minutes  from  a  50 
per  cent  mixture  with  nitrogen.  The  results  compare  favor¬ 
ably  with  those  obtained  by  using  either  cuprous  chloride- 
potassium  hydroxide  or  sulfuric  acid  as  the  absorbent.  Un¬ 
fortunately,  this  solution  also  absorbs  propylene  to  an  ap¬ 
preciable  extent  and  could  not  be  used  for  the  problem  at 


hand.  The  difficulty  was  ultimately  overcome  by  using  a 
solid  bead  of  mercuric  cyanide  and  potassium  hydroxide. 
Powdered  mercuric  cyanide  was  moistened  with  a  minimum 
amount  of  6  A  potassium  hydroxide  and  worked  into  a  smooth 
paste,  which  was  then  molded  into  a  bead  in  a  platinum 
loop.  The  paste  was  dried  over  a  warm  electric  coil  (care  be¬ 
ing  taken  not  to  decompose  the  mercuric  cyanide)  and  then 
placed  in  the  gas  sample. 

This  reagent  was  found  not  to  react 
to  a  measurable  extent  with  either 
propylene  or  carbon  monoxide  during  an 
exposure  of  1.5  hours.  Several  known 
mixtures  of  acetylene,  propylene,  and 
carbon  monoxide  were  made  and 
analyzed  for  acetylene  with  satisfactory 
results.  A  single  bead  of  absorbent  and 
a  time  of  20  minutes  were  found  suffi¬ 
cient  for  complete  reaction  in  every 
analysis.  Table  I  is  typical  of  results 
which  were  obtained.  In  this  case  ap¬ 
proximately  equal  volumes  of  the  three 
gases  were  mixed.  A  complete  analysis 
would  require  the  subsequent  introduc¬ 
tion  of  concentrated  sulfuric  acid  to  re¬ 
move  ethylene  and  silver  oxide  to  absorb 
carbon  monoxide,  a  procedure  which 
offers  no  difficulties. 


- a 


-B 
I— -C 
- D 


Figure  1.  Com¬ 
bustion  Coil 
in  Operating 
Position 


Benzene 


In  studying  the  feasibility  of  analyz¬ 
ing  for  benzene  vapor  in  small  volumes, 
it  was  found  that  two  of  the  recognized 
macroanalytical  reagents  can  be  used 
with  results  which  appear  satisfactory.  One  is  fuming  sulfuric 
acid  followed  by  a  solid  potassium  hydroxide  bead,  and  the 


Table  I.  Analyses  for  Acetylene  in  the  Presence  of 
Propylene  and  Carbon  Monoxide 


Determina- 

Volume  of 

- Acetylene - 

Difference 

tion 

Sample 

Theoretical 

Determined 

Cu.  mm. 

% 

% 

% 

1 

45.44 

33.10 

33.09 

-0.01 

2 

40.75 

33.10 

32.98 

-0.12 

3 

37.66 

33.10 

33.15 

+  0.05 

4 

40.82 

33.10 

33.11 

+  0.01 

5 

42.61 

33.10 

32.80 

Av.  33.03 

-0.30 

0.10 
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other  is  an  ammoniacal  nickel  cyanide  solution  made  according 
to  the  detailed  directions  given  by  Dennis  and  McCarthy  (4). 
The  latter  reagent  must  be  followed  by  solid  phosphorus  pent- 
oxide  or  concentrated  sulfuric  acid  to  remove  ammonia  ( 1 ). 
Gas  samples  for  testing  these  analytical  methods  were  made 
by  slowly  bubbling  nitrogen  through  liquid  benzene  at  room 
temperature  and  then  adding  approximately  10  per  cent 
more  nitrogen  to  the  resulting  gas  volume. 

Table  II  gives  results  which  were  obtained  using  the 
different  analytical  procedures.  The  percentages  of  benzene 
obtained  are  about  What  one  would  expect  from  the  mode  of 
preparation  of  the  sample,  and  the  fact  that  the  two  methods 
of  analysis  are  in  good  agreement  is  taken  as  evidence  that 
both  are  satisfactory. 


Table  II.  Determination  of  Benzene 


Volume  of 

Deviation  from 

Determination 

Sample 

Benzene 

Average 

Cu.  mm. 

% 

% 

By  Fuming  Sulfuric  Acid 

1 

97.06 

4.50 

-0.01 

2 

102.83 

4.57 

+0.06 

3 

99.80 

4.29 

-0.22 

4 

98.90 

4.50 

-0.01 

5 

98.66 

4.69 

+  0.18 

Av.  4.51 

±0.10 

By  Ammoniacal  Nickel- Cyanide 

1 

101.33 

4.54 

+  0.05 

2 

96.72 

4.57 

+0.08 

3 

99.05 

4.37 

-0.12 

Av.  4.49 

±0.08 

Modification  of  Combustion  Coil 

The  platinum  combustion  coil  now  in  use  in  this  laboratory 
for  the  burning  of  gases  is  more  satisfactory  than  the  one 
previously  described  (3)  and  is  illustrated,  drawn  to  scale,  in 
Figure  1. 

The  soft-glass  holder,  A,  is  a  1-mm.  capillary  with  a  2.5-mm. 
external  diameter.  During  construction  of  the  coil  the  lower  end 
of  this  tube  is  shrunk  around  the  proper  length  of  24-gage  platinum 


wire  and  then  bent  into  a  loop  as  shown.  Sufficient  wire  is  al¬ 
lowed  to  extend  into  the  unconstricted  portion  of  A  to  give  a 
good  electrical  contact  when  this  portion  is  filled  with  mercury. 
The  other  end  of  the  wire  extends  beyond  the  glass  about  2  mm., 
is  bent  sharply  at  B,  and  is  attached  to  the  holder  at  D  with  the 
aid  of  a  glass  bead.  The  tip  of  the  glass  below  B  should  be  well 
rounded  and  carefully  polished  to  prevent  introduction  of  small 
air  bubbles  into  the  sample.  The  distance  between  B  and  D  is 
about  15  mm. 

At  bend  B  the  wire  is  carefully  filed  and  ground  down  on  a  fine 
whetstone  until  a  diameter  is  obtained  at  one  point  which  is  from 
one  fourth  to  one  fifth  of  that  which  was  originally  present.  This 
gives  a  cross  section  at  this  point  roughly  one  twentieth  that  of 
the  rest  of  the  wire,  a  ratio  which  may  be  compared  to  one  third 
as  previously  used  (3).  The  strong  anchorage  at  D  holds  the 
wire  in  place  and  has  made  possible  the  substantial  reduction  in 
diameter  at  B.  This  in  turn  has  decreased  the  current  necessary 
to  produce  the  hot  spot,  and  as  a  consequence,  has  diminished 
the  operating  temperature  of  the  rest  of  the  wire  to  the  point 
where  the  danger  of  mercury  oxidation  has  been  greatly  reduced, 
if  not  completely  eliminated.  Anchorage  D  is  placed  low  so  that 
it  will  be  well  below  the  mercury  surface  in  the  gas  holder,  C,  at 
all  times,  and  any  small  air  bubbles  which  may  be  trapped  at  D 
will  not  be  introduced  into  the  combustion  mixture.  This  type 
of  construction  has  overcome  the  difficulties  encountered  earlier, 
when  attempts  were  made  to  attach  the  wire  beyond  B  to  the 
glass  (3). 

Hydrogen  Reagent 

The  method  of  preparing  a  cupric  oxide-potassium  hy¬ 
droxide  absorbent  for  hydrogen  has  been  practically  re¬ 
versed  from  that  described  before  ( 1 ).  The  bead  is  prepared 
now  by  fusing  potassium  hydroxide  in  a  platinum  loop  and 
touching  this  while  molten  to  powdered  cupric  oxide,  allowing 
it  to  enclose  as  much  of  the  oxide  as  it  will  and  still  give  a 
smooth  external  surface  on  cooling.  This  reagent  is  easier 
to  prepare  than  the  one  formerly  used  and  gives  just  as  satis¬ 
factory  results. 
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Microdetermination  of  Sulfur  in 
Organic  Compounds 

An  Absorption  Apparatus  for  Use  with  the  Combustion  Method 

L.  T.  HALLETT  AND  J.  W.  KUIPERS,  Kodak  Research  Laboratories,  Rochester,  N.  Y. 


IT  IS  well  known  that  organic  material  must  burn  at  a  much 
slower  rate  in  the  determination  of  sulfur  by  the  method 
of  combustion  with  oxygen  gas  than  in  other  determinations 
where  combustion  is  involved. 

While  studying  the  use  of  tetrahydroxyquinone  as  an  in¬ 
dicator  for  the  microvolumetric  determination  of  sulfur  ( 5 )  it 
became  apparent  that  it  would  be  desirable  for  routine  work 
to  reduce  the  burning  time  to  15  minutes,  so  that  the  total 
time  for  a  determination  would  not  be  over  30  minutes.  The 
well-known  Pregl  combustion  tube  with  spiral  absorber  is 
not  suited  to  rapid  combustion  and  is  not  convenient  because 
the  tube  must  be  removed  from  the  furnace  before  the  com¬ 
bustion  products  can  be  washed  out. 

If  a  sample  is  burned  rapidly  (15  minutes)  in  the  Pregl 
combustion  tube  with  spiral  absorber  or  in  the  absorption 
apparatus  designed  by  Hallett  (4)  with  the  oxygen  flowing 
at  the  rate  of  75  to  100  ml.  in  5  minutes,  low  results  are  usually 


obtained,  owing  to  the  loss  of  sulfur  trioxide  as  mist.  This 
electrically  charged  mist  is  formed  by  the  union  of  sulfur 
trioxide  and  water  vapor;  once  formed,  it  cannot  be  absorbed 
in  chemical  reagents  and  so  escapes  from  the  absorption  train. 

A  study  was  made,  therefore,  of  the  type  of  absorber  that 
would  allow  rapid  combustion  and  be  convenient  for  removal 
of  the  absorbed  combustion  products. 

It  was  found  that  hot  gases  containing  sulfur  oxides 
traveling  rapidly  readily  formed  the  sulfur  trioxide  mist. 
Any  constriction,  therefore,  at  a  point  at  the  end  of  the 
combustion  tube  near  the  absorber  would  increase  the  speed 
of  the  gases  and  the  tendency  to  mist  formation. 

Apparatus 

The  first  type  of  absorber  used  (Figure  1)  was  similar  to  that 
previously  described  (4)  but  smaller,  having  a  6-mm.  bore  and 
1-mm.  wall.  The  absorption  spiral  is  8  cm.  long  with  2  mm. 
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between  the  coils.  The  upper  expansion  chamber,  C,  is  4  cm. 
long  and  1.7  cm.  at  the  wide  part  of  the  lower  bulb.  The  size 
of  the  upper  section  above  the  absorption  spiral  is  not  critical, 
but  if  it  is  larger  than  the  above  dimensions  it  is  difficult  to  rinse 
this  part  of  the  absorber  thoroughly  with  distilled  water.  This 
expansion  chamber  helps  to  cool  the  gases  from  the  combustion 
tube,  A,  and  thereby  prevent  the  formation  of  mist.  Into 
the  dome,  B,  at  the  top  of  the  expansion  chamber  is  sealed  a 
tube  and  funnel,  F,  which  is  closed  by  a  ground-in  stopper,  G, 
during  the  run.  After  the  combustion,  G  is  removed  and  the 
absorbed  products  are  washed  from  the  absorber  through  D 
by  adding  water  through  the  funnel.  The  “dome”  structure  is 
necessary  to  spread  the  rinse  water  to  all  points  of  the  expansion 
chamber.  Between  the  absorber  and  the  combustion  furnace 
an  electric  heating  coil,  consisting  of  a  few  turns  of  No.  25  Ni- 
chrome  wire  wound  around  the  combustion  tube,  prevents  the 
condensation  of  sulfuric  acid. 

The  temperature  of  the  furnaces  is  kept  at  750°  C.  and  the 
Nichrome  coil  at  approximately  400°  C.  If  the  coil  is  heated 
above  this  temperature,  mist  that  cannot  be  absorbed  will  often 
form.  That  part  of  the  combustion  tube  heated  by  a  22.5-cm. 
(9-inch)  furnace  is  filled  with  platinum  foil  to  facilitate  the 
complete  oxidation  of  the  organic  vapors.  The  automatic  com¬ 
bustion  unit  used  in  this  work  has  been  previously  described  (3) . 

One  to  2  ml.  of  1  per  cent  potassium  hydroxide  solution  is  used 
as  an  absorbing  agent  and  is  carefully  added  by  means  of  a  pipet 
through  the  left  arm  of  the  funnel,  F,  into  the  bulb,  E.  Bromine 
water  is  later  used  to  oxidize  any  sulfur  dioxide  to  sulfur  trioxide. 
Where  the  sulfur  is  determined  gravimetrically  as  barium  sulfate, 
the  regular  dilute  (5  to  6  per  cent)  solution  of  hydrogen  peroxide 
should,  of  course,  be  used  to  moisten  the  spiral. 

This  absorber  in  actual  use  gives  good  results  with  a  burn¬ 
ing  time  of  15  to  20  minutes,  when  the  flow  of  oxygen  is  at 
the  rate  of  50  ml.  in  5  minutes.  While  the  actual  time  of  a 
determination  is  approximately  30  minutes  with  this  ap¬ 
paratus,  the  total  elapsed  time  is  approximately  1  hour  be¬ 
cause  20  to  30  minutes  must  be  allowed  to  heat  the  solution 
in  order  to  remove  the  bromine  before  the  final  titration. 

This  apparatus  is  superior  to  the  standard  Pregl  combustion 
tube  for  sulfur,  using  the  familiar  glass  absorption  spiral, 
because  at  the  end  of  the  run  the  combustion  tube  need  not 
be  removed  from  the  furnace.  The  speed  of  the  flow  of  oxygen 
and  consequent  rate  of  burning  have  been  increased  by  the 
new  type  of  absorber.  The  products  of  oxidation  are  readily 
washed  from  the  receiver.  The  weakness  of  the  apparatus 
lies  in  the  fact  that  compounds  which  burn  almost  explosively, 
with  a  consequent  temporary  but  sudden  increase  in  gas  flow, 
may  under  such  conditions  produce  loss  of  sulfur  trioxide 
by  formation  of  mist.  These  same  conditions  will  produce 
mist  in  the  Pregl  tube.  Such  compounds  are  not  frequently 
encountered,  however.  The  apparatus  offers  advantages  to 
laboratories  which  do  not  have  a  sufficient  quantity  of  work 
to  warrant  purchasing  the  necessary  equipment  for  the  electro¬ 
precipitator  described  below. 

However,  apparatus  so  designed  that  mist  would  be  posi¬ 
tively  dissipated  and  absorbed  would  serve  the  needs  of  a 
routine  industrial  laboratory  much  more  efficiently  and  re¬ 
quire  less  attention.  Into  a  second  type  of  absorber  (Figure 
2),  therefore,  a  small  electroprecipitator  was  built.  This 
method  of  precipitating  charged  particles  is  well  known  for  its 
efficiency  and  is  widely  used  in  industrial  installations.  Grote 
and  Krekeler  (2)  used  the  method  as  a  final  check  on  the 
efficiency  of  their  macrocombustion  method  for  the  deter¬ 
mination  of  sulfur  in  organic  material. 

The  absorber  is  fabricated  from  clear  quartz  tubing  of  8-mm. 
bore  and  1-mm.  wall.  The  helix  is  made  of  Pyrex  glass.  The 
Pyrex  stopcock,  at  E,  is  attached  to  the  bottom  of  the  absorber 
by  a  rubber  connection.  The  quartz  tube  passing  through 
the  helix  has  a  2-mm.  bore  and  a  1-mm.  wall.  G  and  B  are 
ground-in  Pyrex  stoppers  through  which  are  sealed  tungsten  lead 
wires.  Stopper  G  is  slotted  at  the  ground  joint,  so  that  the 
unabsorbed  gases  may  escape.  The  tungsten  wire  projects  about 
1  cm.  into  chamber  C;  to  it  is  spot-welded  a  4-cm.  length  of  B.  & 
S.  No.  24  platinum  wire,  and  to  this  is  spot-welded  3  cm.  of  No. 
32  platinum  wire.  This  fine  wire  gives  a  high  current  density 
on  a  small  area,  which  has  been  found  most  efficient.  The 


stiffer  wire  keeps  the  fine  wire  from  vibrating  excessively  and 
thus  making  contact  with  the  wall.  The  electrode  in  F,  3  cm., 
is  No.  24  platinum  wire,  spot-welded  to  the  tungsten.  The 
platinum  is  filed  to  a  sharp  point.  This  electrode  is  really  re¬ 
quired  only  if  a  large  volume  of  sulfur  trioxide  is  momentarily 
formed;  under  such  conditions,  and  with  one  precipitator,  a 
small  amount  of  sulfur  trioxide  mist  might  escape. 

An  electric  heating  coil  of  B.  &  S.  No.  24  Nichrome  wire 
is  placed  at  A  and  kept  at  approximately  400°  C.  to  prevent  the 
condensation  of  sulfuric  acid  at  this  point.  Around  the  outside 
of  chamber  C  is  wrapped  metal  foil,  such  as  platinum,  2.5  cm. 
in  height.  Chamber  F  does  not  require  an  outer  electrode  be¬ 
cause  the  foil  on  C  is  sufficiently  close  to  serve  this  area  also. 
A  25,000-volt  transformer  and  Variac  complete  the  apparatus. 
An  effective  potential  of  10,000  to  13,000  volts  is  maintained 
between  the  electrodes  when  making  a  run.  The  cost  of  the 
transformer  and  Variac  (115-volt,  5-ampere  maximum)  is  ap¬ 
proximately  §40.  It  is  not  necessary  that  the  apparatus  shown 
in  either  Figure  1  or  2  be  made  of  quartz,  but  if  a  competent 
glass-blower  is  available,  the  quartz  apparatus  costs  very  little 
more  than  that  made  of  ordinary  hard-glass  combustion  tubing. 

Another  modification  consists  of  placing  a  ground  joint  be¬ 
tween  the  absorber  and  combustion  tube,  as  demonstrated  by 
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Figure  1.  Absorber 
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Figure  2.  Absorber  with  Electro¬ 
precipitator 


Beazley  (1)."*  This  permits  the  absorber  to  be  constructed  en¬ 
tirely  of  Pyrex.  The  weakness  of  this  construction  is  the  pos¬ 
sibility  of  leakage  at  the  ground  joint.  For  this  reason  it  is  best 
to  draw  the  oxygen  through  by  applying  reduced  pressure  at  the 
exit  end,  as  in  this  way  the  pressure  is  directed  inward  at  the 
joint. 

The  helix,  D,  is  moistened  with  approximately  1  ml.  of  dis¬ 
tilled  water  added  through  F.  The  oxygen  is  passed  through  at 
the  rate  of  75  to  100  ml.  in  5  minutes.  .The  electrodes,  B  and 
G,  are  put  in  place  and  the  stopper  of  B  is  sealed  with  a  few  drops 
of  water.  The  connection  to  the  transformer  is  made  and  the 
current  turned  on.  The  heater  at  A  is  switched  on  and  the  auto¬ 


matic  combustion  furnace  is  brought  into  the  burning  position. 
Any  sulfur  trioxide  mist  formed  is  precipitated  in  C.  The 
gases  pass  on  to  the  bottom  of  D  and  around  the  helix  into  F 
where  any  remaining  mist  is  precipitated.  The  excess  gases 
pass  out  through  the  slot  in  G. 

The  combustion  is  completed  in  15  minutes.  The  heater  at 
A  is  turned  off  and  5  minutes  more  are  allowed  for  the  com¬ 
bustion  tube  to  be  cleared  of  sulfur  oxides  and  for  that  section  of 
the  tube  at  A  to  cool. 

The  contents  of  the  absorber  are  now  washed  into  a  125-ml. 
Erlenmeyer  flask  through  the  stopcock  at  the  bottom.  After 
opening  the  stopcock,  electrode  G  is  first  removed  and  the  tip 
carefully  washed,  allowing  the  wash  water  to  run  through  the 
absorber;  then  electrode  B  is  removed  and  likewise  washed. 
Chambers  F  and  C  are  alternately  washed  until  a  volume  of  30 
to  35  ml.  has  been  collected. 

The  apparatus  incorporating  the  electroprecipitator  is 
superior  in  routine  work  for  several  reasons.  It  gives  positive 
dissipating  of  any  sulfur  trioxide  mist;  thus,  the  limitations  of 
careful  burning  are  reduced  to  the  one  factor,  actual  burning 
of  the  organic  material.  The  ozone  produced  by  the  pre¬ 
cipitator  oxidizes  any  sulfur  dioxide  to  sulfur  trioxide.  This 
is  most  important  when  the  sulfate  is  determined  volumet- 
rically  with  the  indicator  tetrahydroxyquinone,  because 
experience  shows  that  the  use  of  bromine  as  the  oxidizing 
agent  gives  less  accurate  results  and  hydrogen  peroxide 
cannot  be  used  ( 5 ).  If  the  precipitator  is  not  turned  on 
during  the  run,  low  results  are  invariably  obtained. 

Summary 

Two  forms  of  an  absorber  which  can  be  used  for  the 
determination  of  sulfur  by  the  method  of  combustion  are 
described.  One  meets  the  needs  of  the  average  laboratory 
and  allows  more  rapid  burning  of  the  sample.  It  is  designed 
so  that  the  products  of  combustion  can  be  washed  from  the 
absorber  without  removing  the  tube  from  the  furnace. 
Sulfur  trioxide  mist,  which  once  formed  cannot  be  absorbed, 
is  eliminated  with  this  type  of  absorber  except  in  those  in¬ 
frequent  cases  where  the  compound  burns  very  rapidly. 

The  other  absorber  meets  the  needs  of  routine  laboratories 
where  a  large  number  of  sulfur  compounds  must  be  analyzed. 
An  electroprecipitator  positively  dissipates  the  sulfur  trioxide 
mist  and  any  lower  oxides  of  sulfur  are  oxidized  to  sulfur 
trioxide  because  of  the  formation  of  ozone.  This  absorber 
retains  the  advantages  of  the  one  above  but  allows  slightly 
more  rapid  burning,  uses  water  as  an  absorbent,  and  allows 
the  titration  of  the  sulfate  using  the  indicator  tetrahydroxy¬ 
quinone  as  soon  as  it  is  washed  from  the  absorber. 
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Microgram  and  Millimicrogram 

THE  Committee  on  Nomenclature,  Spelling,  and  Pronuncia¬ 
tion  of  the  American  Chemical  Society  has  approved  the 
following  recommendation  of  the  Division  of  Microchemistry: 

For  0.001  milligram  the  term  “microgram”,  designated  by  the 
symbol  y  (the  word  “gamma”  should  not  be  used  as  a  substitute 
for  “microgram”).  For  0.001  microgram,  the  term  “millimicro¬ 
gram”,  designated  by  the  symbol  m7  (the  term  “milligamma” 
should  not  be  used). 


Microdetermination  of  Sulfate  Obtained  from 
Combustion  of  Organic  Compounds 

Tetrahydroxyquinone  as  an  Indicator  in  a  Volumetric  Method 


L.  T.  HALLETT  AND  J.  W.  KUIPERS,  Kodak  Research  Laboratories,  Rochester,  N.  Y. 


WHILE  the  microgravimetric  procedure  for  the  deter¬ 
mination  of  sulfur  as  barium  sulfate  is  accurate,  it  is 
tedious  and  time-consuming.  A  volumetric  procedure  ap¬ 
proaching  the  accuracy  of  the  gravimetric  procedure  would 
be  welcomed  by  analysts  who  must  run  sulfur  in  a  large 
number  of  organic  compounds.  There  are  several  volumetric 
methods  and  the  authors,  during  the  past  5  years,  have 
studied  some  of  the  more  promising  ones: 

1.  Precipitation  of  the  sulfur  as  barium  sulfate  with  barium 
chromate,  and  titration  of  iodine  liberated  from  potassium  iodide 
by  the  chromic  acid  formed.  The  method  did  not  prove  reliable 
and  the  conclusions  of  Manov  and  Kirk  ( 5 )  were  confirmed. 

2.  ter  Meulen’s  {12)  hydrogenation  method  is  accurate,  but 
because  of  the  frequent  burning  out  of  the  coke  formed  in  the 
combustion  tube  the  method  is  not  an  ideal  routine  procedure. 

3.  Precipitation  of  the  sulfur  as  benzidine  sulfate  and  subse¬ 
quent  titration  with  sodium  hydroxide.  Unless  great  care  is 
taken  to  prevent  loss  of  benzidine  sulfate  through  solution  while 
washing  the  precipitate,  poor  results  are  obtained  (2).  The 
method  has  not  been  found  suitable  for  routine  use  here. 

Recent  studies  ( 6 ,  8-11,  13)  on  the  use  of  tetrahydroxy- 
quinone  as  an  indicator  in  the  direct  titration  of  the  sulfate 
ion  led  the  authors  to  study  its  use  in  a  micromethod  for  the 
direct  titration  of  sulfur  as  sulfate,  following  burning  of  the 
sulfur-containing  compound  in  oxygen  in  the  regular  manner. 
Sheen  and  Kahler  {10)  used  0.025  N  barium  chloride,  but  this 
is  too  high  a  concentration  for  microwork.  An  investigation 
of  the  errors  and  color  change,  using  barium  chloride  solu¬ 
tions  on  the  order  of  0.01  N,  was  therefore  necessary.  The 
work  of  Ampt  ( 1 ),  Manov  and  Kirk  (5),  and  Gibson  and 
Caulfield  (8)  would  indicate  that  the  indicator  change  is  not 
sufficiently  sharp  for  microtitration. 

A  preliminary  investigation  showed: 

1.  That  a  reproducible  end  point,  using  0.01  N  barium  chlo¬ 
ride  in  a  solution  containing  1  mg.  of  sulfur,  could  be  obtained. 
The  operator,  however,  requires  practice  in  order  to  detect  the 
color  change  and  cannot  see  the  change  if  the  color  of  the  solution 
is  observed  by  reflected  light.  The  use  of  strong  artificial  il¬ 
lumination  when  titrating  has  been  suggested  by  Sheen  and 
Kahler  ( 9 ) .  However,  the  exact  conditions  under  which  the  color 
change  is  observed  are  important  if  the  end  point  is  to  be  readily 
detected.  For  microwork  a  ground-glass  screen  illuminated  with 
a  60-watt  daylight  bulb  is  employed.  A  small-sized  darkroom 
safelight  may  be  readily  converted  to  serve  the  purpose.  The 
operator  with  his  eye  on  a  level  with  the  solution  sees  the  color 
change  best  with  the  light  coming  through  the  solution.  Ob¬ 
served  under  these  conditions  and  when  the  flask  is  tilted  back 
and  forth,  the  solution  at  the  end  point  will  have  a  distinct  red¬ 
dish  hue.  It  has  been  the  authors’  experience  that  a  sharp 
end  point  color  is  not  observed  if  the  operator  is  looking  down 
upon  the  solution  as  is  normally  done. 

2.  The  end-point  color  which  is  chosen  by  an  operator  can 
be  reproduced  by  him,  but  another  operator  may  or  may  not 
succeed  in  selecting  the  same  color.  Any  one  operator  can 
easily  reproduce  the  end  point  to  ±0.05  ml.  of  0.01  N  barium 
chloride. 

3.  A  color  standard  to  which  the  end-point  color  can  be 
matched  is  absolutely  essential  for  accurate  work.  After  work¬ 
ing  with  dye  solutions  as  color  standards,  it  was  found  that  a 
No.  21  Wratten  filter  (5X5  cm.,  2  by  2  inches)  cemented  to  the 
ground  glass  served  much  better  as  a  standard  because  of  the 
permanence  of  the  color.  In  this  way,  it  was  easier  to  discern 
when  the  solution  approached  the  end  point.  Later,  two  layers 
were  used  and  the  end  point  was  reached  when  the  color  of  the 
solution  matched  the  color  of  the  two  layers  of  the  filter.  By 
this  means,  different  operators  can  titrate  to  the  same  end  point. 


4.  Before  a  definite  standard  for  the  color  of  the  end  point 
had  been  established,  results  on  runs  of  standard  compounds, 
when  titrating  1  mg.  of  sulfur,  required  subtracting  0.10  ml.  as 
an  indicator  correction.  This  correction  had  been  established 
by  the  previous  work  of  others. 

5.  The  temperature  of  the  solution  to  be  titrated  should  be 
15°  to  25°  C.  If  the  temperature  is  above  25°  C.,  the  color 
change  at  the  end  point  seems  to  be  less  sharp,  owing  to  the  de¬ 
composition  of  the  indicator  {9) . 

6.  The  pH  should  be  adjusted  from  6.5  to  7.0.  A  sharper 
and  more  reproducible  end  point  is  obtained  if  the  pH  is  held 
within  these  limits. 

7.  The  volume  of  the  alcohol-water  solution  at  the  beginning 
of  the  titration  should  be  50  ±  1  ml.,  and  the  final  volume  of  the 
solution  after  it  has  been  titrated  should  be  around  60  ±  4  ml. 

8.  When  hydrogen  peroxide  is  used  in  the  solution  to  oxidize 
sulfur  dioxide  to  trioxide,  the  color  at  the  end  point  fades  much 
too  rapidly  for  precise  work.  This  fading  was  observed  even 
when  the  peroxide  had  been  decomposed  by  prolonged  heating 
and  ordinary  chemical  tests  revealed  none  present. 

9.  No  fading  was  observed  when  bromine  was  used  as  the 
oxidizing  agent.  The  excess  was  removed  by  heating  the 
solution. 

After  this  preliminary  work  was  done,  the  following  points 
seemed  to  warrant  careful  investigation: 

1.  The  accuracy  of  the  indicator  over  a  wide  range  of  sulfur 
concentration. 

2.  The  effect  on  the  indicator  correction  and  accuracy  of  the 
titration  when  the  sulfur  oxides  obtained  from  burning  pure 
organic  compounds  were  absorbed  in  1  per  cent  potassium 
hydroxide,  and  bromine  was  used  as  the  oxidizer. 

3.  The  accuracy  of  the  titration  when  an  electroprecipitator 
was  used  with  the  absorber.  With  this  apparatus  water  was 
used  to  moisten  the  absorber  and  bromine  was  not  added  as  an 
oxidizer. 

These  points  were  carefully  studied,  using  standardized 
sulfate  solutions  and  titrating  them  under  controlled  condi¬ 
tions  and  by  analyzing  organic  compounds  containing  sulfur. 
The  compounds  were  carefully  purified  and  their  purity  was 
checked  by  analysis  for  elements  other  than  sulfur.  The 
sulfur  obtained  from  these  compounds  after  the  combustion 
was  determined  by  using  the  same  procedure  as  that  followed 
in  titrating  the  sulfate  solutions.  Diphenylthiourea  was 
chosen  as  the  key  compound  in  this  study  because  it  could  be 
obtained  pure.  It  also  showed  a  marked  tendency  to  burn 
rapidly  and  to  form  sulfur  trioxide  mist.  An  apparatus 
which  could  burn  this  compound  successfully  would  therefore 
adequately  meet  the  needs  of  general  routine  work. 

In  such  an  apparatus  (4),  two  forms  of  an  absorber  were 
built  to  collect  the  sulfur  oxides  and  two  procedures  were 
followed  in  treating  the  solution  washed  from  the  absorber 
before  the  final  titration  with  0.01  N  barium  chloride. 

The  indicator  used  in  the  present  study  was  the  disodium 
salt  of  tetrahydroxyquinone,  dispersed  in  an  organic  medium 
(sold  under  the  trade  name  of  THQ  by  W.  H.  and  L.  D. 
Betz,  Philadelphia,  Penna.).  The  color  of  the  indicator  in 
solution  is  at  first  golden  yellow  and,  at  the  end  point,  a 
finely  divided  deep  red  precipitate,  the  barium  salt  of  the 
indicator,  imparts  a  distinct  reddish  hue  to  the  solution. 

Reagents 

Barium  chloride,  0.01  N;  hydrochloric  acid,  approximately 
0.02  N;  sodium  hydroxide,  approximately  0.02  N ;  1  per  cent 
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Figure  1.  Determination  of  Sulfur 

X .  Standard  potassium  sulfate  solution  treated  with  bromine  water 
O  •  Standard  sulfuric  acid  solution  treated  with  bromine  water 


potassium  hydroxide,  bromine  water;  95  per  cent  ethyl  alcohol; 
and  a  solution  of  equal  parts  of  distilled  water  and  95  per  cent 
ethyl  alcohol. 

Indicators.  Phenolphthalein,  methyl  orange,  and  tetra- 
hydroxyquinone  indicator. 

Procedure 

Bromine  Used  as  Oxidant.  The  absorber  is  moistened  with 
1  to  2  ml.  of  a  1  per  cent  potassium  hydroxide  solution.  A 
sample  containing  approximately  1  mg.  of  sulfur  is  burned  in 
oxygen  in  the  combustion  tube,  and  the  oxides  of  sulfur  are  rinsed 
from  the  absorber  with  25  to  30  ml.  of  distilled  water.  The 
rinse  water  is  collected  through  the  stopcock  at  the  bottom  in 
a  125-ml.  Erlenmeyer  flask.  The  procedure  of  Sheen  and  Kahler 
(10)  is  now  essentially  followed. 

The  solution  is  made  acid  with  1  N  hydrochloric  acid,  using 
methyl  orange  as  an  indicator,  and  1  ml.  of  bromine  water  is 
added  to  oxidize  any  sulfur  dioxide  to  sulfur  trioxide.  The 
solution  is  evaporated  to  approximately  20  ml.,  during  which 
time  the  bromine  is  driven  off.  The  solution  is  cooled,  and  the 
pH  is  adjusted  with  0.02  N  sodium  hydroxide  and  hydrochloric 
acid  until  the  pink  color  of  the  solution  (when  the  solution  is 
basic  to  phenolphthalein)  just  disappears  (pH  =  6.5  to  7.0). 
The  volume  of  the  solution  is  brought  up  to  25  ±  1  ml.  and  25 
ml.  of  95  per  cent  ethyl  alcohol  are  added.  The  solution  is 
cooled,  if  necessary,  to  between  15°  and  25°  C.  A  measured 
scoop  (approximately  0.15  gram)  of  tetrahydroxyquinone  in¬ 
dicator  is  added  and  the  solution  is  titrated  with  0.01  N  barium 
chloride.  The  solution  must  be  constantly  shaken  as  the  barium 
chloride  is  added.  The  end  point  is  reached  when  the  color  of 
the  solution  matches  the  two  layers  of  No.  21  Wratten  filter  and 
persists  for  at  least  3  minutes. 

The  amount  of  0.01  N  barium  chloride  required  to  produce  the 
color  which  will  match  two  layers  of  the  filter  is  0.20  ml.,  under 
ideal  conditions  when  no  sulfate  is  present. 

No  Oxidant  Added  (electro precipitator  used  with  absorber). 
The  absorber  is  moistened  with  1  ml.  of  distilled  water.  After 
the  combustion,  the  absorber  is  rinsed  with  30  to  35  ml.  of  a 
solution  made  by  mixing  equal  volumes  of  distilled  water  and 
95  per  cent  ethyl  alcohol.  The  solution  is  neutralized  with 
potassium  hydroxide  (approximately  0.1  N )  until  added  phenol¬ 
phthalein  indicator  turns  pink.  The  pH  of  the  solution  is  then 
adjusted  with  0.02  N  hydrochloric  acid  until  the  pink  color  just 
disappears.  The  volume  of  the  solution  is  brought  up  to  50  ±  1 
ml.  by  adding  the  alcohol-water  mixture.  The  solution  is  cooled 
and  titrated  as  previously  described. 

The  variation  in  reproducibility  of  the  end  point  is  not  over 
±0.05  ml.  When  the  sulfur  concentration  in  the  solution 
is  below  0.5  mg.,  the  end  point  is  not  so  reproducible.  Royer 
(7)  also  found  that  it  was  difficult  to  obtain  a  reproducible 
stoichiometric  end  point  unless  strict  conditions  were  ad¬ 
hered  to.  Titration  of  standard  sulfate  solutions  prepared 


from  sulfuric  acid  gave  him  different  end  points,  depending 
upon  the  base — i.  e.,  ammonium  or  potassium  hydroxide — 
used  to  bring  it  to  the  neutral  point.  Different  stoichiometric 
end  points  were  also  found,  depending  upon  the  volume  of 
titrating  solution  and  the  amount  of  sulfate  present.  The 
reproducibility  under  one  set  of  conditions,  however,  was 
found  to  be  as  good  as  ±0.05  ml.  when  the  colored  filter 
(Wratten  No.  21)  standard  was  used  with  the  same  titration 
procedure. 


Table  I.  Organic  Compounds'1  Used 


0.01  N 

BaCh 

Weight 

Cor¬ 

Weight 

of 

rected 

of 

Sulfur, 

from 

Sulfur 

Sample 

Elements 

Sample 

Caled. 

Curve 

Found 

Caled. 

Mg. 

Mg 

Ml. 

% 

% 

Diphenyl- 

CHNS 

11.086 

1.55 

9.80 

14.17 

14.03 

thiourea^ 

3.180 

0.45 

2.76 

13.91 

6.630 

0.93 

5.81 

14.05 

15.134 

2.12 

13.17 

13.95 

Compound  lc 

CHOS 

3.186 

0.71 

4.43 

22.29 

22.25 

6.535 

1.45 

9.03 

22.15 

Compound  2 

CHNOS 

5.604 

0.65 

4.03 

11.53 

11.56 

10.688 

1.23 

7.69 

11.53 

Compound  3 

CHNS 

9.714 

0.88 

5.54 

9.14 

9.07 

Compound  4 

CHS 

4.951 

1.37 

8.58 

27.78 

27.72 

Compound  5 

CHOS 

5.977 

2.28 

14.27 

38.27 

38.13 

2.643 

1.07 

6.34 

38.45 

Compound  6 

CHBrNS 

12.617 

0.92 

5.71 

7.25 

7.28 

22.140 

1.61 

10.11 

7.32 

Compound  7 

CHC1NOS 

10.200 

1.01 

6.26 

9.84 

9.94 

Compound  8 

CHINOS 

21.402 

0.99 

6.14 

4.60 

4.61 

Compound  9 

CHINOS 

12.884 

1.029 

6  42 

8.07 

7.99 

10.026 

0.801 

4.99 

8  06 

a  The  55  points  on  the  curve  shown  in  Figure  2  are  from  runs  on  12  com¬ 
pounds.  Representative  figures  from  some  of  the  runs  are  shown  in  this 
table.  .  . 

b  Average  of  28  determinations,  14.01;  maximum,  14.17;  minimum, 
13.84;  27  out  of  28  are  ±0.14  from  theory. 
c  Average  of  7  determinations,  22.23. 


Table  I  shows  the  type  of  organic  compounds  run  and 
the  data  from  which  Figure  2  was  drawn.  The  compounds 
were  considered  100  per  cent  pure,  and,  as  shown  by  analysis 
for  other  elements  (Table  II),  for  the  purposes  of  this  study 
this  assumption  is  justified.  Analysis  of  diphenylthiourea 
for  carbon,  hydrogen,  and  nitrogen  showed  that  this  com¬ 
pound,  with  ordinary  care,  can  be  obtained  in  a  high  state  of 
purity. 

The  standard  potassium  sulfate  and  sulfuric  acid  solutions 
were  used  as  a  check  on  the  validity  of  the  curves  obtained 
by  analyzing  the  organic  sulfur  compounds  by  the  method  of 
combustion. 
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In  all  the  runs  on  known  standard  solutions  and  compounds, 
the  theoretical  amount  of  0.01  N  barium  chloride  was  cal¬ 
culated.  That  found  by  actual  titration  was  next  determined, 
and  the  difference  between  these  two  values  was  plotted 
against  the  milligrams  of  sulfur  present  in  the  solution. 


Table  II.  Analysis  of  Organic  Compounds 


Sample 

Elements 

N 

-Found — 

c 

H 

N 

-Calcd.— 

c 

H 

Diphenyl- 

CHNS 

% 

% 

68.4 

% 

5.2 

% 

% 

68.37 

% 

5.30 

thiourea 

6S.4 

5.2 

Compound  1 

CHOS 

12.3  ) 
12.3) 
12.2  ) 

62.6 

4.2 

12.27 

62.46 

4.20 

Compound  2 

CHNOS 

60.7 

5.4 

60.60 

5.46 

Compound  3 

CHNS 

81.7 

5 . 4 

81.53 

5.42 

Compound  4 

CHS 

67.8 

4.7 

67.48 

4.80 

Compound  5 

CHOS 

49.7 

2.5 

49.95 

2.40 

Compound  6 

CHBrNS 

9.6 

62.9 

5.3 

9.5 

62.84 

5.27 

Compound  7 

CHC1NOS 

44.7 

3.0 

44.65 

3.13 

Compound  8 

CHINOS 

Iodine 

18.07 

Iodine 

18.25 

Compound  9 

CHINOS 

.  . 

31.52 

.  .  . 

31.64 

.  . 

Two  curves  are  given  with  all  the  points  shown.  One 
shows  the  type  of  curve  obtained  when  solutions  of  standard 
sulfuric  acid  and  potassium  sulfate  are  treated  by  the  pro¬ 
cedure  outlined,  using  bromine  as  the  oxidizing  agent  (Figure 
1).  The  other  curve  was  obtained  from  the  analysis  of 
organic  compounds  containing  sulfur,  using  the  electro¬ 
precipitator  and  water  as  the  absorbent ;  no  bromine  was  used 
as  an  oxidizing  agent  (Figure  2) .  The  area  marked  off  by  the 
light  lines  is  ±0.05  ml.  of  0.01  N  barium  chloride,  which  is 
the  maximum  variation  caused  by  the  indicator. 

Figure  3  shows  these  “average  correction”  curves,  together 
with  two  others  obtained  in  the  same  manner,  drawn  on  one 
graph  for  comparison. 

A  study  of  Table  I  and  of  these  curves  points  to  the  follow¬ 
ing  conclusions: 

1.  The  indicator  correction  depends  upon  the  amount  of 
sulfur  titrated  and  the  treatment  of  the  solution  before  titrating. 

2.  The  reproducibility  of  the  end  point  is  within  ±0.05  ml. 
of  0.01  N  barium  chloride.  Figure  3  shows  a  curve  (No.  3)  for 
pure  potassium  sulfate.  These  titrations  were  carried  out  under 
ideal  conditions  because  no  foreign  ions  were  present,  and  no 
adjustment  of  pH  was  necessary.  In  the  twenty-six  points 
from  which  this  curve  was  drawn,  in  the  range  0.3  to  2.4  mg. 
of  sulfur,  two  fall  outside  the  area  ±0.05  ml.  (1.9  mg.  of  sulfur 
off  the  curve  0.08  ml.;  2.2  mg.  of  sulfur  off  0.1  ml.).  These 
two  points  are  at  concentrations  of  sulfur  which  are  more  difficult 
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to  titrate  because  of  the  dilution  caused  by  the  0.01  N  barium 
chloride. 

3.  For  routine  work,  the  range  0.5  to  2.0  mg.  of  sulfur  should 
be  used.  While  points  on  the  curves  are  shown  below  and  above 
this  range,  it  has  been  found  difficult  to  go  below  0.5  mg.  because 
an  error  of  even  ±0.05  ml.  is  too  great  for  the  accuracy  desired. 
On  the  high  side,  above  2.0  mg.  of  sulfur,  the  dilution  caused  by 
adding  over  12  ml.  of  barium  chloride  solution  and  the  greater 
concentration  of  finely  divided  barium  sulfate  appear  to  be 
important  factors  in  changing  the  end-point  color,  so  that  accurate 
work  is  made  more  difficult.  The  most  satisfactory  amount  of 
sulfur  for  routine  work  in  the  range  15  to  20  per  cent  of  sulfur 
is  0.5  to  1.0  mg.;  in  the  range  20  to  35  per  cent,  1.0  to  2.0  mg. 

4.  In  Figure  3  where  four  curves  are  shown,  curves  1  and  2, 
representing  solutions  treated  by  the  procedure  using  bromine 
as  an  oxidant,  fall  together.  The  points  from  which  curve  1, 
Figure  3,  was  drawn  were  obtained  by  analyzing  diphenylthio- 
urea  (thirty-three  runs)  and  one  other  compound  (four  runs) 
Out  of  the  thirty-seven  runs,  thirty-five  were  within  ±0.25 
per  cent  of  theory.  The  range  of  sulfur  concentration  is  0.5 
to  2.2  mg.  Where  water  and  the  electroprecipitator  are  used, 
curve  4  coincides  with  that  obtained  under  the  most  ideal  con¬ 
ditions  where  pure  potassium  sulfate  is  titrated  (curve  3).  In 
Figure  1  the  points  on  the  curve  show  greater  variation  from 
the  mean  than  in  Figure  2  where  water  and  the  electroprecipitator 
method  are  used.  Where  the  solutions  are  evaporated  to  remove 
bromine,  there  is  some  chance  of  mechanical  loss  during  this 
operation. 

5.  This  study  shows  that  when  bromine  is  used  as  the  oxidiz¬ 
ing  agent,  to  determine  sulfur  in  organic  compounds  by  the 
method  of  combustion,  the  maximum  variation  in  precision  from 
the  average  13.97  per  cent  is  +0.29  to  —0.17.  In  accuracy,  the 
maximum  variation  is  +0.23  to  —0.29  from  the  theoretical 
14.03  per  cent.  The  values  were  obtained  by  two  operators. 
This  would  indicate  that,  with  a  well-trained  operator,  the 
average  accuracy  and  precision  would  be  ±0.25  per  cent. 

When  the  electroprecipitator  and  water  as  an  absorbent  are 
used,  the  maximum  variation  in  precision  is  +0.15  to  —0.18 
from  the  average  14.02;  in  accuracy,  +0.15  to  —0.19  from 
14.03.  The  values  were  obtained  by  three  operators.  The 
range  of  sulfur  concentration  in  these  determinations  was  0.5 
to  2.0  mg.  Taking  into  consideration  the  runs  made  on  other 
compounds,  the  average  accuracy  and  precision  of  the  method 
appear  to  be  ±0.15  when  the  percentage  of  sulfur  is  14. 

If  a  sample  weight  is  chosen  with  respect  to  the  percentage 
of  sulfur  present,  this  accuracy  can  be  obtained  over  the  range 
5  to  35  per  cent  sulfur. 

Table  I  also  shows  results  obtained  with  a  variety  of  com¬ 
pounds  and  combinations  of  elements  including  halogens. 
Iodine  in  the  compound  causes  excessive  mist  formation 
when  the  electroprecipitator  is  used,  possibly  owing  to  the 
combination  of  iodine  and  ozone.  Results  for  sulfur,  how¬ 
ever,  do  not  seem  to  be  adversely  affected,  since  the  twin 
precipitators  do  not  allow  any  mist  to  escape. 
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Figure  3.  Average  Correction  Curves 

1.  Sulfur  in  organic  compounds,  bromine  water  used  as  oxidizing  agent 

2.  Standard  sulfuric  acid  treated  by  same  procedure  as  in  curve  1 

3.  Standard  potassium  sulfate  solution,  direct  titration,  no  oxidizing  treatment 

4.  Sulfur  in  organic  compounds,  using  electroprecipitator 


An  oxidizing  agent  is  not  required  when  the  electro¬ 
precipitator  is  used.  The  formation  of  ozone  by  the  pre¬ 
cipitator  provides  an  oxidizing  atmosphere.  Low  results 
are  always  obtained  if  the  precipitator  is  turned  off  during 
a  run. 

The  average  time  per  determination  for  a  series  of  twelve 
to  fourteen  runs,  including  calculating  and  weighing,  is  30 
to  35  minutes.  This  speed  is  possible  only  when  an  auto¬ 
matic  combustion  furnace  is  used,  in  which  case  the  work  is 
so  coordinated  that  titrating,  weighing,  and  calculating  are 
carried  out  while  the  sample  is  burning.  It  has  been  found 
that  the  time  of  the  30-minute  schedule  should  not  be  de¬ 
creased  if  the  operator  is  to  perform  consistent  work  day 
after  day.  This  also  holds  true  for  other  determinations. 

Both  methods  normally  require  about  the  same  burning 
schedule — 15  minutes  for  burning  and  5  minutes  for  sweeping, 
a  total  of  20  minutes.  However,  when  the  apparatus  (4, 
Figure  1)  is  used,  compounds  are  sometimes  encountered 
which  require  slower  burning  to  prevent  mist  formation. 
This,  coupled  with  the  fact  that  because  an  electroprecipita¬ 
tor  is  not  used,  bromine  must  be  used  as  an  oxidizer  and 
time  must  be  allowed  to  remove  it  by  heating  the  solution, 
will  increase  the  average  time  per  determination  by  about 
20  per  cent. 

It  is  hoped  that  others  will  use  this  method  and  check 
the  findings  of  this  study,  especially  in  regard  to  the  indicator 
correction.  The  indicator  color  change  is  sufficiently  sharp 
and  reproducible  when  the  color  filter  is  used  as  a  standard 
for  comparison. 

The  indicator  correction  is  an  empirical  one,  and  the  change 
of  correction  with  increasing  amounts  of  sulfur  is  difficult  to 
explain  logically.  The  amount  of  0.01  N  barium  chloride 
which  must  be  added  to  obtain  the  correct  color  at  the  end 
point  is  about  0.20  ml.  In  the  range  0.5  to  2.0  mg.  of  sulfur, 
this  amount  is  not  subtracted  and,  in  the  higher  concentra¬ 
tions,  the  titer  is  below  that  required.  While  the  presence 
of  finely  divided  barium  sulfate  does,  no  doubt,  influence  the 
color,  its  presence  cannot  wholly  account  for  the  behavior  of 
the  indicator. 

In  the  hands  of  four  operators  in  the  microanalytical 
laboratory,  over  a  period  of  2  years,  results  have  been  ob¬ 


tained  which  compare  favorably  with  the  gravimetric  pro¬ 
cedure.  The  method,  using  the  electroprecipitator,  is  now 
being  applied  for  regular  routine  work  in  analyzing  all  types 
of  organic  compounds. 

Summary 

The  conditions  under  which  tetrahydroxyquinone  may  be 
used  as  an  indicator  in  the  determination  of  sulfur,  using 
0.01  N  barium  chloride,  are  described.  Two  procedures, 
together  with  correction  curves  for  the  indicator,  are  given; 
the  one  using  bromine  as  the  oxidizer  of  sulfur  dioxide  to 
sulfur  trioxide  is  less  rapid  and  accurate  than  the  other. 
The  accuracy  and  precision  in  analyzing  a  sample  containing 
14  per  cent  from  theory  vary  ±0.25  per  cent,  where  the 
amount  of  sulfur  determined  is  0.5  to  2.0  mg.  The  other 
method,  using  an  electroprecipitator  before  and  after  the 
absorber,  does  not  require  the  addition  of  an  oxidizer.  This 
method  is  better  for  routine  work  because  the  sulfur  as  sul¬ 
furic  acid  may  be  washed  from  the  receiver  and  titrated 
directly.  The  precision  and  accuracy  in  analyzing  a  sample 
containing  14  per  cent  sulfur  vary  ±0.15  per  cent  from 
theory. 
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Determination  of  the  Carbon  Content 
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A  Simple  Micromethod 
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THE  oxidizing  agents  which  have  been  used  for  the  de¬ 
termination  of  carbon  include  permanganate  (7),  iodate 
(14),  dichromate  (11),  and  persulfate  (IS).  Of  these,  dichro¬ 
mate  has  probably  received  the  most  attention.  Nicloux  (11), 
one  of  the  first  to  investigate  its  possibilities,  developed  a 
comparatively  rapid  method  for  the  analysis  of  organic  com¬ 
pounds  in  the  solid  state  or  in  solution. 

Since  the  original  work  of  Nicloux,  many  attempts  have 
been  made  to  modify  or  improve  this  procedure.  Boivin  (2) 
has  so  modified  the  method  as  to  eliminate  the  difficulties  in 
regard  to  combustion.  Other  workers,  notably  Friedmann 
and  Kendall  (8),  Adams  (1),  Pollard  and  Forsee  (12),  and 
Kirk  and  Williams  (9),  have  attempted  to  improve  the  method 
through  the  design  of  more  suitable  apparatus  and  methods 
for  measuring  carbon  dioxide. 

Both  gravimetric  and  volumetric  methods  have  been  used 
to  determine  the  carbon  dioxide.  Because  of  the  nature  of 
the  gases  (or  vapors)  evolved  from  the  reaction  mixture,  a 
volumetric  procedure  is  probably  the  more  suitable  of  the 
two.  The  Pettenkofer  (10)  method,  one  of  the  simplest 
methods  for  the  measurements  of  carbon  dioxide,  has  re¬ 
ceived  little  attention  in  connection  with  this  procedure  (4) ; 
for  this  reason  an  apparatus  which  embodies  the  Pettenkofer 
principle  has  been  devised,  making  it  possible  to  decrease  the 
time  and  operative  skill  required  for  this  analysis. 

Apparatus 

The  apparatus  is  illustrated  diagrammatically  in  Figure  1. 
The  reaction  vessel,  A  (total  volume  6  ml.),  was  constructed  from 
a  No.  11  standard  taper  joint  and  a  capillary  stopcock.  The 
pressure-regulating  unit,  C,  consisted  of  a  three-way  stopcock, 
a  gas  reservoir,  and  a  leveling  bulb.  Mercury  was  used  as  a 
confining  fluid.  Complete  combustion  was  ensured  by  means  of 
the  slow  combustion  pipet,  D  (S). 

The  train  was  equipped  with  two  U-tubes,  B  and  E,  which 
served  to  control  the  rate  of  gas  flow.  The  absorption  flask,  F, 
for  the  analysis  of  the  carbon  dioxide  was  designed  from  a  250-ml. 
Erlenmeyer  flask,  No.  20  standard  taper  joint,  and  a  capillary 
stopcock. 


A  tubular  rheostat  (not  shown)  was  connected  to  a  110-volt 
circuit,  and  when  used  as  a  potential  divider,  provided  a  usable 
source  of  current  for  heating  the  platinum  spiral  of  the  slow  com¬ 
bustion  pipet. 

Procedure 

The  reaction  vessel,  A,  is  charged  with  2  to  5  mg.  of  organic 
matter  (weighed  in  a  platinum  boat)  and  sufficient  dichromate 
(small  crystal)  to  constitute  approximately  a  100  per  cent  excess 
and  the  system  is  flushed  with  carbon  dioxide-free  air.  Closing 
capillary  stopcock  a,  the  three-way  stopcock,  b,  is  opened  to 
permit  the  flow  of  emitted  gases  into  the  gas  reservoir  which  is 
maintained  at  a  slight  vacuum  by  means  of  the  leveling  bulb. 

The  carbon  dioxide  flask  (filled  with  carbon  dioxide— free  air) 
is  then  charged  with  5  ml.  of  standard  0.1  A  barium  hydroxide 
(measured  with  an  automatic  pipet),  partially  evacuated,  and 
then  connected  to  the  other  arm  of  U-tube  E.  One  milliliter  of 
concentrated  (carbon-free)  sulfuric  acid  is  introduced  into  the 
reaction  vessel  by  means  of  stopcock  a.  The  charge  is  now  ready 
for  combustion. 

Stopcock  a  and  the  standard  taper  joint  of  A  are  lubricated  with 
concentrated  sulfuric  acid. 

By  means  of  an  electrically  heated  phosphoric  acid  bath  (5) 
the  temperature  of  the  reaction  chamber  is  kept  between  165° 
and  185°  C.  for  20  to  30  minutes.  The  gases  which  are  generated 
during  this  time  pass  through  B,  containing  1  ml.  of  50  per  cent 
sulfuric  acid  solution,  to  the  gas  reservoir,  F.  At  the  completion 
of  the  heating  operation,  the  charge  is  cooled,  and  2  ml.  of  water 
are  introduced  into  the  reaction  chamber  through  a.  An  Ascarite 
tower  is  then  connected  to  the  apparatus  and  sufficient  carbon 
dioxide-free  air  is  flushed  through  to  sweep  all  the  carbon  dioxide 
into  the  gas  reservoir.  The  platinum  coil  of  the  slow  combustion 
pipet  is  brought  to  a  fairly  red  heat.  The  gases  are  then  slowly 
passed  through  U-tube  E  (charged  with  1  to  2  ml.  of  acidified 
permanganate  solution)  to  the  evacuated  flask,  F.  Absorption 
flask  F  is  directly  connected  through  stopcocks  a  and  b  to  a 
source  of  carbon  dioxide-free  air,  brought  to  atmospheric  pressure, 
then  removed  and  allowed  to  stand  for  20  minutes  (to  ensure 
complete  absorption  of  carbon  dioxide).  Five  milliliters  of  ace¬ 
tone  to  improve  the  end  point  are  introduced  and  the  excess 
barium  hydroxide  is  titrated  with  0.05  N  hydrochloric  acid  (using 
a  microburet)  to  the  thymol  blue  end  point.  The  amount  of 
carbon  dioxide  produced  can  be  calculated  from  these  data  and 
the  results  obtained  from  the  blank  run. 

To  prevent  diffusion  of  air  into  the  flask  during  the  titration,  a 

rubber  sheet  (such  as  used  for 
a  dental  dam)  was  loosely  fitted 
over  the  mouth  of  the  flask. 
The  tip  of  the  buret  was  in¬ 
serted  through  a  small  hole  in 
the  rubber.  This  arrangement 
kept  out  all  the  air  without 
complicating  the  procedure. 

The  hydrochloric  acid  used 
for  this  determination  was 
standardized  with  the  carbon 
dioxide  evolved  from  the  com¬ 
bustion  of  succinic  acid  by 
the  above  procedure.  The 
normality  of  the  acid  obtained 
in  this  manner  was  0.0553,  and 
by  iodate  standard  it  was 
0.0555. 

Discussion  and  Result 

From  the  results  in  Table 
I,  it  is  apparent  that  this 
method  for  the  determination 
of  carbon  dioxide  compares 
favorably  with  that  of  Boivin 
and  of  Kirk  and  Williams. 
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Table  I.  Determination  op  Carbon 


Substance 

Sample 

0.0553 

N  HC1 

C 

Found 

C 

Calcd. 

Error 

Mg. 

Ml. 

Mg. 

Mg. 

P.  p.  100 

Potassium  acid 

4.366 

6.18 

2.050 

2.054 

2 

phthalate 

4.262 

6.05 

2.001 

2.005 

2 

Cinnamic  acid 

2.754 

6.01 

1.994 

2.006 

6 

2.884 

6.25 

2.074 

2.072 

1 

Succinic  acid 

4.838 

5.93 

1.963 

1.963 

.  . 

4.924 

6.02 

1.997 

2.003 

3 

4.830 

5.89 

1.955 

1.964 

5 

Vanillin 

3.939 

7.46 

2.477 

2.487 

5 

3.169 

6.03 

2.001 

2.001 

‘4 

2.876 

5.45 

1.815 

1.808 

Benzoic  acid 

2.768 

5.78 

1.913 

1.905 

4 

2.574 

5.37 

1.782 

1.771 

6 

3.047 

6.34 

2.104 

2.097 

4 

Sucrose 

5.205 

6.60 

2.190 

2.192 

1 

4.935 

6.25 

2.077 

2.078 

1 

5.474 

6.81 

2.260 

2.305 

22 

Since  it  eliminates  the  possibility  of  contamination  by  the 
carbon  dioxide  of  the  atmosphere  and  the  filtration  of  barium 
carbonate,  it  is  less  complicated  and  requires  considerably 
less  time. 

Most  carbon  hydrogen  and  oxygen  compounds  can  be  oxi¬ 
dized  with  dichromate  ( 1 ,  2,  6,  8,  9,  12). 

Nitrogen-containing  compounds  (6)  such  as  acetanilide, 
pyridine,  nicotinic  acid,  and  leucine  are  quantitatively  oxi¬ 
dized  under  the  conditions  here  specified,  the  nitrogen  re¬ 
maining  as  ammonium  sulfate.  Ammonia  is  not  oxidized  even 
at  temperatures  as  high  as  200°  C. 


Halogen  compounds  are  readily  oxidized  by  dichromate 
{15).  By  slightly  modifying  the  directions  (using  potassium 
iodide  solution  in  U-tube  B)  the  carbon  content  of  these  com¬ 
pounds  should  be  easily  determined.  The  combustion  of 
sulfur-containing  compounds  has  not  been  investigated  in 
this  laboratory. 

By  slightly  modifying  the  technique  and  conditions  (to  fit 
the  circumstances)  this  method  can  be  applied  to  the  measure¬ 
ment  of  the  carbon  content  of  physiological  fluids,  soils,  and 
the  alkali  reserve  of  the  blood. 
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Determination  of  Iron  in  Liquid  Food  Products 

H.  L.  ROBERTS,  C.  L.  BEARDSLEY,  AND  L.  Y.  TAYLOR,  JR.,  American  Can  Company,  Maywood,  Ill. 


THE  importance  of  the  determination  of  iron  in  foods  and 
other  biological  material  is  reflected  in  the  number  of 
methods  for  estimation  of  the  metal  reported  in  the  literature 
during  recent  years  {2-6).  Some  of  these  methods,  such  as 
those  of  Stugart  {6)  and  Jackson  (4),  have  been  proposed  for 
determination  of  iron  in  all  biological  materials.  Other 
methods  {2,  3,  5)  are  reported  as  adaptable  to  specific  food 
products  or  groups  of  food  products. 

The  choice  of  a  precedure  for  estimation  of  iron  is  properly 
a  matter  for  individual  determination  by  the  particular  labora¬ 
tory  concerned.  Besides  the  usual  requirement  that  the 
method  be  reliable  within  the  range  of  iron  content  of  the  ma¬ 
terials  being  analyzed,  other  factors  often  govern  the  type  of 
procedure  to  be  used.  Thus  the  iron  method  selected  must 
frequently  not  only  be  rapid,  but  also  adaptable  to  the  type 
and  amount  of  material  available  for  analysis.  In  addition, 
the  procedure  must  often  be  capable  of  execution  with  existing 
laboratory  facilities  and  be  of  such  a  nature  as  not  to  interfere 
with  other  work  of  the  laboratory.  It  is  therefore  not  sur¬ 
prising  that  available  procedures  for  the  quantitative  estima¬ 
tion  of  iron  in  foods  may  not  always  satisfy  the  above  imposed 
requirements. 

The  Stugart  procedure,  which  is  a  colorimetric  method  using 
potassium  thiocyanate  and  the  principle  of  dry-ashing,  had 
been  used  with  considerable  success  in  this  laboratory .  How¬ 
ever,  because  of  a  program  which  required  the  rapid  handling 
of  a  large  number  of  samples,  and  because  of  limited  dry-ash¬ 
ing  facilities,  this  procedure  was  not  found  applicable  to 
existing  laboratory  conditions.  In  addition,  the  amount  of 
material  available  for  analysis  was  frequently  small.  Conse¬ 
quently,  the  method  described  herein,  which  incorporates  the 


basic  principles  of  the  Stugart  procedure,  was  developed. 
This  method  differs  from  the  Stugart  procedure  in  that  a 
sample  of  approximately  10  grams  is  employed;  a  wet-ashing 
procedure  which  is  more  rapid  than  dry-ashing  is  used;  and 
the  procedure  for  hydrolysis  of  pyrophosphates  is  eliminated. 
Although  special  microdigestion  equipment  is  required  for  ash¬ 
ing,  the  procedure  as  outlined  has  been  found  to  combine  ac¬ 
curacy  with  speed  and  is  not  subject  to  interference  by  other 
metals  and  compounds  in  the  amounts  in  which  they  normally 
occur  in  liquid  foods. 

The  present  procedure  has  been  applied  only  to  fluid  prod¬ 
ucts  which  can  be  readily  mixed  so  as  to  obtain  a  homogeneous 
sample.  The  method  has  given  good  results  with  products 
such  as  citrus  juices,  grape  juice,  tomato  juice,  coffee,  beer, 
and  ginger  ale.  With  slight  modification,  it  can  also  be  ap¬ 
plied  to  liquid  products  relatively  high  in  carbohydrate  and 
protein,  such  as  milk. 

Preparation  of  Standard  Iron  Solutions 

A  stock  iron  solution  is  prepared  by  dissolving  exactly  0.5000 
gram  of  pure  iron  wire  in  20  ml.  of  25  per  cent  sulfuric  acid. 
Solution  of  the  wire  is  facilitated  by  the  addition  of  6  ml  of  con¬ 
centrated  nitric  acid.  After  the  wire  has  completely  dissolved 
the  resulting  solution  is  evaporated  to  white  fumes,  cooled, 
transferred  quantitatively  to  a  volumetric  flask,  and  diluted  to 
100  ml.  From  this  stock  solution,  working  standards  containing 
0.01  and  0.02  mg.  of  iron  per  10  ml.  of  solution  are  prepared. 
Sulfuric  acid  should  be  added  to  the  latter  standard  solutions  so 
that  they  will  contain  150  ml.  of  concentrated  sulfuric  acid  per 
liter.  These  working  standards  are  transferred  by  pipet  to 
separatory  funnels,  diluted  to  volume,  and  handled  in  the  same 
manner  as  the  unknown  sample. 
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Figure  1.  Arrangement  of  Ashing  Equipment 


of  the  flask  opening  is  exposed  and  thus 
introduction  of  reagents  into  the  flask 
during  ashing  is  permitted.  The  escape 
of  fumes  into  the  room  is  prevented  by 
application  of  compressed  air  to  the 
aspirator  connected  with  the  fume  tube. 

If  frothing  occurs  during  evaporation, 
2  drops  of  caprylic  alcohol  may  be 
added.  The  glass  bead  should  remain 
in  the  flask  during  both  evaporation 
and  digestion.  After  dehydration,  1 
ml.  of  concentrated  nitric  acid  is  added 
and  the  flask  is  heated  gently,  either 
on  the  warm  heater  or  over  a  gas 
burner,  to  start  reaction.  After  the 
initial  violent  reaction  has  subsided,  2 
ml.  of  concentrated  sulfuric  acid  are 
added  and  digestion  is  begun.  As  the 
digestion  proceeds,  3-  to  4-drop  incre¬ 
ments  of  concentrated  nitric  acid  are 
added  to  ensure  an  excess  of  this  acid 
for  complete  oxidation  of  all  organic 
material,  as  evidenced  by  production  of 
a  clear  or  straw-colored  solution  after 
digestion.  The  increments  are  con¬ 
veniently  added  by  use  of  a  special 
buret  shown  in  Figure  2,  and  usually  a 
total  of  about  4  ml.  of  nitric  acid  is  re¬ 
quired. 


Table  I.  Iron  Recoveries  from  Food  Products 


Food  Product  Fe  Added 

Fe  Recovered 

Recovery 

P.  p.  m. 

Micrograms 

P.  p.  m. 

Micrograms 

% 

Beer  None 

0.83 

8.3 

0.20 

2.0 

1.04 

10.4 

ioi 

0.50 

5.0 

1.32 

13.2 

99 

0.70 

7.0 

1.51 

15.1 

99 

1.00 

10.0 

1.86 

18.6 

101 

Brewed  coffee  None 

0.21 

2.1 

0.20 

2.0 

0.42 

4.2 

ioi 

0.40 

4.0 

0.61 

6.1 

100 

0.60 

6.0 

0.77 

7.7 

95 

0.80 

8.0 

1.00 

10.0 

99 

1.00 

10.0 

1.21 

12.1 

100 

Milk  None 

0.43 

4.3 

0.20 

2^0 

0.65 

6.5 

i02 

0.40 

4.0 

0.84 

8.4 

100 

0.60 

6.0 

1.04 

10.4 

101 

0.80 

8.0 

1.24 

12.4 

101 

1.00 

10.0 

1.46 

14.6 

101 

Tomato  juice  None 

5.08 

25.4 

1.00 

5^0 

6.10 

30.5 

ioo 

2.00 

10.0 

7.08 

35.4 

100 

3.00 

15.0 

8.02 

40.1 

99 

4.00 

20.0 

9.00 

45.0 

99 

5.00 

25.0 

9.96 

49.8 

99 

Pineapple  juice  None 

4.26 

21.3 

1.00 

5.0 

5.27 

26.4 

io2 

2.00 

10.0 

6.18 

30.9 

96 

3.00 

15.0 

7.25 

36.3 

100 

3.00 

15.0 

7.47 

37.4 

107 

4.00 

20.0 

8.28 

41.4 

100 

Grapefruit  juice  None 

2.54 

12.7 

0.50 

2 ' 5 

3.06 

15.3 

i04 

1.00 

5.0 

3.54 

17.7 

100 

1.50 

7.5 

4.04 

20.2 

100 

2.00 

10.0 

4.46 

22.3 

96 

2.50 

12.5 

5.02 

25.1 

99 

Lemon  juice  None 

1.41 

7.1 

0.50 

2 !  5 

1.92 

9.6 

ioo 

0.75 

3.8 

2.18 

10.9 

100 

1.00 

5.0 

2.32 

11.6 

90 

1.50 

7.5 

2.84 

14.2 

95 

2.00 

10.0 

3.14 

15.7 

86 

Procedure 

Ashing.  Approximately  10  grams  of  the  sample — or  an 
amount  estimated  to  contain  not  more  than  40  micrograms  of 
iron — are  weighed  differentially  into  a  30-ml.  micro-Kjeldahl 
flask  containing  a  glass  bead  and  evaporated  almost  to  dryness 
on  the  electric  digestion  microheater  (Laboratory  Construction 
Co.,  micro  electric  heater  No.  2250).  Construction  of  a  fume 
tube  for  this  equipment  has  been  described  by  Blair  ( 1 ),  and 
Figure  1  shows  the  details  of  arrangement. 

The  digestion  rack  consists  of  a  frame  on  which  a  fume  tube  is 
mounted  in  such  a  manner  that  the  flasks  when  placed  on  the 
heater  and  supported  by  the  fume  tube  will  rest  at  an  angle  of 
about  45°.  It  is  important  that  the  neck  of  the  flask  barely  enter 
the  fume  tube.  By  such  an  arrangement  approximately  one  half 


After  complete  digestion,  the  solution  is  cooled,  and  the 
nitrosylsulfuric  acid  is  hydrolyzed  by  the  addition  of  2  to  3  ml. 
of  water,  and  heated  to  white  fumes.  This  hydrolysis  is  then  re¬ 
peated,  and  the  solution  is  cooled,  diluted  to  about  20  ml., 
thoroughly  cooled  again,  and  finally  transferred  with  washings 
to  a  125-ml.  separatory  funnel. 

For  beer  and  ale,  the  above  ashing  procedure  is  used,  except 
that  the  initial  addition  of  nitric  acid  is  3  ml.  For  milk,  1  ml.  of 
nitric  acid  is  added  prior  to  dehydration.  The  flask  should  be 
gently  heated  and  tapped  during  the  dehydration  procedure,  re¬ 
moved  from  the  burner  when  frothing  occurs,  and  cooled.  Two 
milliliters  of  sulfuric  acid  are  then  added  and  the  ashing  is  com¬ 
pleted  as  described  above.  Nitrosylsulfuric  acid  cannot  be  re¬ 
moved  by  the  usual  hydrolysis  procedure;  the  calcium  of  the  milk 
precipitates  as  the  sulfate  in  the  diluted  solution,  causing  super¬ 
heating  with  possible  explosions.  A  drop  by  drop  addition  of  1 
ml.  of  Superoxol  (30  per  cent  hydrogen  peroxide)  to  the  warm 
concentrated  sulfuric  acid  solution,  however,  will  completely  de¬ 
compose  the  nitrosylsulfuric  acid  and  from  that  point  on  the 
procedure  outlined  above  may  be  followed. 

Extraction  of  Iron  and  Colorimetric  Comparison.  To 
the  sample  in  the  separatory  funnel,  diluted  to  95  ml.  with  cold 
water,  one  drop  of  approximately  0.10  N  potassium  permanga- 
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Table  II.  Iron  Recoveries  in  the  Presence  of  Other 

Metals 


Element 

Iron 

Added 

Added 

Micro¬ 

Micro¬ 

grams 

grams 

Tin 

5.0 

5.0 

5.0 

5.0 

50.0 

5.0 

50.0 

5.0 

500.0 

5.0 

500.0 

5.0 

Aluminum 

5.0 

5.0 

5.0 

5.0 

10.0 

13.3 

50.0 

5.0 

50.0 

5.0 

50.0 

11.4 

100.0 

11.4 

Lead 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

50.0 

5.0 

50.0 

5.0 

50.0 

5.0 

Zinc 

10. 0 

26.3 

50.0 

8.2 

100.0 

8.8 

100.0 

5.1 

100.0 

5.2 

100.0 

5.5 

100.0 

5.2 

100.0 

13.7 

100.0 

15.0 

100.0 

14.0 

Nickel 

500.0 

5.0 

500.0 

5.0 

Copper 

2.0 

6.5 

2.0 

13.5 

5.0 

4.4 

5.0 

13.5 

20.0 

13.5 

20.0 

13.5 

40.0 

13.5 

40.0 

13.5 

Calcium 

100.0 

7.2 

Sodium 

100.0 

7.2 

pyrophosphate  100.0 

7.2 

100.0 

7.2 

1000.0 

20.0 

1000.0 

20.0 

1000.0 

20.0 

Calcium  10,000  and  phos¬ 
phorus  10,000  as  pyro¬ 
phosphate 


Iron 

Recovered 

Deviation 

Recovery 

Micro¬ 

Micro¬ 

% 

grams 

grams 

5.0 

0 

100 

5.0 

0 

100 

5.0 

0 

100 

5.0 

0 

100 

5.1 

+  0.1 

102 

5.0 

0 

100 

5.0 

0 

100 

5.1 

+  0.1 

102 

13.0 

-0.3 

98 

5.2 

+0.2 

104 

5.0 

0 

100 

11.9 

+0.5 

104 

11.7 

+  0.3 

102 

5.2 

+  0.2 

104 

5.0 

0 

100 

5.0 

0 

100 

4.9 

-0.1 

98 

5.1 

+  0.1 

102 

5.1 

+0.1 

102 

4.8 

-0.2 

96 

25.0 

-1.3 

95 

7.9 

-0.3 

96 

8.5 

-0.3 

97 

5.6 

+  0.5 

110 

5.8 

+  0.6 

112 

5.3 

-0.2 

96 

5.6 

+0.4 

108 

14.1 

+0.4 

103 

14.6 

-0.4 

97 

14.7 

+0.7 

105 

5.1 

+0.1 

102 

5.0 

0 

100 

6.5 

0 

100 

14.1 

+  0.6 

104 

4.3 

-0.1 

98 

14.0 

+  0.5 

104 

13.0 

-0.5 

96 

13.3 

-0.2 

98 

13.1 

-0.4 

97 

13.0 

-0.5 

96 

7.8 

+  0.6 

108 

7.7 

+0.5 

107 

7.2 

0 

100 

7.6 

+  0.4 

106 

20.0 

0 

100 

19.8 

-0.2 

99 

20.0 

0 

100 

10.3 

+0.6 

106 

10.3 

+  0.6 

106 

«  Iron  added  as  ferric  pyrophosphate. 


nate  is  added,  the  solution  is  mixed,  and  10  ml.  of  isoamyl  alcohol 
are  then  accurately  added,  followed  by  the  addition  of  5  ml.  of 
20  per  cent  potassium  thiocyanate  solution.  The  funnel  is  shaken 
vigorously  for  30  seconds,  the  mixture  allowed  to  separate,  and 
the  water  layer  drawn  off.  A  suitable  portion  of  the  alcohol 
layer  is  drawn  into  a  colorimeter  cup,  care  being  taken  to  exclude 
any  droplets  of  water,  and  comparison  is  made  with  the  standard. 

Iron  Recoveries  from  Food  Products 

In  Table  I  are  listed  the  percentage  recoveries  of  iron  from 
various  fresh  or  bottled  liquid  food  products  to  which  the 
method  has  been  applied.  The  iron  was  added  before  ashing. 

In  the  Presence  of  Other  Metals.  The  possible  inter¬ 
ference  of  metals  which  may  be  present  in  foods  has  been 
studied  by  their  addition  to  pure  iron  solutions.  In  this 
manner,  zinc,  copper,  aluminum,  tin,  and  even  the  less 
common  metal,  lead,  in  amounts  greater  than  are  usually 
found  in  foods  have  been  found  to  be  without  interference. 
Likewise,  calcium  and  phosphorus  are  apparently  without 
effect  upon  the  accuracy  of  the  method. 

Effect  of  Acid  Concentration  on  Development  of 
Ferric  Thiocyanate  Color 

In  order  to  compare  the  intensity  of  color  developed  in 
solutions  which  have  been  acidified  with  hydrochloric  acid 
with  those  acidified  with  sulfuric  acid,  a  study  of  this  re¬ 
lationship  was  made.  A  neutral  standard  iron  solution  was 
acidified  with  varying  concentrations  of  the  acids  in  question 


and  the  color  developed  and  compared  with  the  standard  in 
the  usual  manner. 

It  was  found  that  the  weakest  acid  solution  used  developed 
the  most  color  and,  conversely,  the  stronger  acid  solution  de¬ 
veloped  the  less  intense  color.  For  a  given  molarity  of  acid 
during  the  extraction  with  isoamyl  alcohol,  sulfuric  acid  pro¬ 
duced  a  more  intense  color  than  hydrochloric  acid. 

The  intensity  of  color  of  a  standard  made  according  to  the 
Stugart  method  (3  ml.  of  hydrochloric  acid)  compares  favor¬ 
ably  with  that  of  a  standard  made  as  previously  described 
(1.5  ml.  of  sulfuric  acid).  This  latter  concentration  was 
arrived  at  by  assuming  a  loss  of  0.5  ml.  of  sulfuric  acid  during 
the  ashing  procedure. 

Comparison  of  Hydrochloric  Acid  and  W et-Ashing 

Hydrolysis 

The  Stugart  method  ( 6 )  makes  use  of  a  hydrochloric  acid 
hydrolysis  to  break  down  any  pyrophosphate  present  in  the 
solution.  In  order  to  compare  the  effectiveness  of  the  wet- 
ashing  procedure  for  hydrolyzing  pyrophosphates  with  the 
Stugart  method,  triplicate  samples  of  ferric  pyrophosphate 
were  analyzed  by  both  methods. 

Table  III  shows  the  results  of  this  test.  The  data  listed 
indicate  that  the  wet-ashing  hydrolysis  employed  is  as  effec¬ 
tive  in  hydrolyzing  pyrophosphate  as  the  hydrochloric  acid 
procedure  specified  in  the  Stugart  method. 


Table  III.  Iron  Recovered  by  Hydrochloric  and  Sulfuric 
Acid  Hydrolysis 


Hydrochloric  Acid 

Hydrolysis  Wet- Ashing 

Micrograms  Micrograins 


No  Hydrolysis 
Micrograms 


11.2 

10.4 

11.6 


11.3 

10.5 

11.7 


9.8 
9.7 

9.9 


Av.  11.1 


11.2 


9.8 


Table  IV.  Iron  Content  of  Liquid  Food  Products 

Number 


Fruit  Juice 

of  Samples 

Maximum 
P.  p.  m. 

Minimum 
P.  p.  m. 

Average 
P.  p.  m. 

Orange  juice  (fresh) 

4 

10.7 

1.2 

1.4 

1.0 

1.5“ 

Lemon  juice  (fresh) 

2 

1  .7 

1 . 6 
2.0 

4.2 

8.2 
2.0 
6.4“ 

55 .0 

1  0 
9.0 

Grapefruit  juice  (fresh) 

4 

2 . 5 

Pineapple  juice  (bottled) 

1 

•  ■ 

Apple  juice  (bottled) 

2 

10.7 

5  .  ! 

1.6 

5.1 

Grape  juice  (bottled) 

4 

3 . 1 

Tomato  juice  (fresh) 

6 

33.0 

Prune  juice  (bottled) 

1 

Cider  (hard)  (bottled) 

1 

Cherry  juice  (canned) 

1 

Miscellaneous 

Brewed  coffee  (fresh) 

3 

0.30 

0.15 

0.21 

0  42 
0.15 
0.35 

9  I 

Whole  milk  (bottled) 

2 

0.22 

0.40 

Beer  (bottled) 

Ale  (bottled) 

8 

2 

0 . 07 
0.30 

English  beer  (canned) 

2 

5.0 

1  .  / 

O  .  -i 

1.4 

1.5 
0.40 

English  ale  (canned) 

4 

4 . 2 

0 . 37 

Evaporated  milk  (canned) 

26 

2.0 

1 .0 

Ginger  ale  (bottled) 

7 

0 . 50 

0.30 

°  Maximum  value  omitted  in  average. 
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A  Color  Test  for  Elementary  Sulfur 

In  Pyridine  and  Other  Solvents 


HERMANN  SOMMER,  George  Williams  Hooper  Foundation,  University  of  California,  San  Francisco,  Calif. 


Pyridine  is  an  excellent  solvent  for 
crystalline  and  amorphous  sulfur.  On 
addition  of  a  small  amount  of  aqueous 
alkali  to  a  solution  of  sulfur  in  pyridine, 
colors  are  obtained  which  allow  a  roughly 
quantitative  estimation  of  the  amount  of 
sulfur  present.  As  little  as  2  micrograms 
in  1  cc.  may  be  detected  by  a  light  blue 
color. 


IN  WORKING  with  alkaline  pyridine  solutions  a  blue- 
green  coloration  was  accidentally  observed  which  could 
be  traced  to  contamination  of  the  solvent  by  elementary 
sulfur  from  the  rubber  stopper.  From  this  observation  the 
following  color  reaction  for  sulfur  was  worked  out.  To  the 
knowledge  of  the  author  there  is,  at  present,  no  simple  test 
for  elementary  sulfur. 

A  subsequent  search  of  the  literature  revealed  that  a  similar 
although  less  sensitive  test  had  been  proposed  many  years 
ago. 

In  1894  Gil  (4-)  discovered  the  blue  color  produced  by  poly¬ 
sulfides  in  boiling  alcohol.  Orloff  (6)  mentioned  acetone  as  sol¬ 
vent  in  the  Gil  reaction.  The  limit  of  sensitivity  as  given  by 
Gil  is  430  micrograms  of  sulfur  per  50  cc.  of  alcohol.  Another 
type  of  color  test  was  described  by  Schoenberg  (11),  who  used 
benzylimido-(p-methoxyphenyl)-methane  to  detect  free  sulfur  in 
minimum  amounts  of  40  micrograms.  In  the  test  of  Zmaczynski 
(14)  iron  sulfide  is  formed  in  glycerol  in  the  presence  of  levulose. 
Like  all  tests  with  heavy  metals,  such  as  plumbate  or  mercuric 
chloride,  this  reaction  is  not  particularly  sensitive  for  free  sulfur — 
i.  e.,  of  the  order  of  100  micrograms  per  cc.  [In  connection 
with  these  studies,  however,  it  was  found  that  in  the  presence 
of  pyridine  as  little  as  10  micrograms  per  cc.  of  free  sulfur  give 
a  visible  reaction  with  doctor  solution  (sodium  plumbate)]. 
With  regard  to  Thornton  and  Latta’s  test  for  free  sulfur  in  petro¬ 
leum  distillates  (12)  using  cottonseed  oil,  carbon  disulfide,  and 
pyridine,  it  is  interesting  to  note  that  pyridine  is  essential  for 
the  production  of  this  color  also,  a  fact  which  Gastalt  (8)  pointed 
out,  in  improving  the  original  Halphen  reaction  (5)  for  cottonseed 
oil. 


Solubility  of  Sulfur  in  Pyridine 


removed  for  more  accurate  work.  The  sulfur  used  was  prepared 
from  sodium  thiosulfate  and  hydrochloric  acid. 

The  material  to  be  tested  for  elementary  sulfur  is  extracted 
with  hot  pyridine  and  the  solution  is  filtered  if  necessary.  One- 
tenth  volume  of  2  A  sodium  hydroxide  is  added  to  the  filtrate 
and  after  brief  shaking  at  room  temperature  the  color  of  the 
pyridine  layer  is  noted  immediately. 

As  indicated  in  Table  I,  the  presence  and  approximate 
amount  of  sulfur  are  demonstrated  by  a  blue,  green,  olive- 
brown,  or  brown-red  color.  With  sodium  carbonate  or 
sodium  bicarbonate  instead  of  sodium  hydroxide  the  color 
develops  only  on  boiling  and  shows  various  intensities  of  blue 
over  the  entire  range  of  sulfur  concentrations.  The  colora¬ 
tion  fades  within  a  few  minutes.  The  presence  of  about 
10  per  cent  of  water  is  essential;  greater  dilution  causes  a 
diminution  of  the  color.  The  amount  of  alkali  necessary  to 
bring  out  the  maximum  color  is  proportional  to  the  amount 
of  sulfur.  The  limit  of  sensitivity  is  of  the  order  of  2  micro¬ 
grams  of  sulfur  per  cc. 


Table  I.  Colors  Obtained  with  Sulfur  in  Pyridine 


(1  ec.  of  pyridine  with  0.1  ec.  of  2  N  sodium  hydroxide  or  saturated  sodium 

bicarbonate) 

- Color  Developed - . 

With  NaOH 


Concentration  of 
Sulfur  in  Pyridine 

1:100 
1:1,000 
1:10,000 
1 : 100,000 
1:300,000 
1:500,000 
1:1,000,000 


Deep  red-brown 
Dark  olive-green 
Greenish  blue 
Light  sky  blue 
Trace  of  blue 
Questionable 
No  color 


With  NaHCOa 

Deep  greenish  blue 
Dark  Prussian  blue 
Strong  blue 
Sky  blue 
Very  light  blue 
Very  faint  blue 
Questionable 


For  the  demonstration  of  sulfur  in  amounts  of  10  micrograms 
or  less  the  use  of  sodium  bicarbonate  has  been  found  somewhat 
more  advantageous.  To  1  cc.  of  the  pyridine  solution  of  the 
unknown,  0.1  cc.  of  saturated  aqueous  sodium  bicarbonate  is 
added.  The  resultant  mixture  is  boiled  for  a  few  seconds  and 
observed  immediately  for  color.  The  crystalline  sodium  bicar¬ 
bonate  which  is  deposited  under  these  conditions  forms  a  conven¬ 
ient  white  background  for  the  visual  observation  of  the  blue 
color.  For  colorimetric  comparison  by  transmitted  light,  in  the 
presence  of  small  amounts  of  sulfur,  the  saturated  bicarbonate 
solution  can  be  replaced  by  one  of  l/100th  saturation  which 
gives  a  clear  solution  with  pyridine.  An  approximation  to  the 
quantity  of  sulfur  present  can  best  be  obtained  by  serial  dilution 
of  the  unknown  and  comparison  with  known  standards  prepared 
simultaneously.  The  progressive  fading  is  evidently  the  main 
obstacle  to  an  accurate  determination. 


That  pyridine  is  an  excellent  solvent  for  sulfur  does  not  seem 
to  be  generally  known,  although  Raffo  and  co-workers  (8,  9) 
made  use  of  the  affinity  of  pyridine  for  free  and  organically 
bound  sulfur.  In  an  approximate  solubility  determination 
100  cc.  of  pyridine  were  found  to  dissolve  1.13  grams  of 
sulfur  at  room  temperature  (approximately  20°  C.).  At  the 
boiling  point  (115°  C.)  4  cc.  of  the  solvent  will  readily  dis¬ 
solve  1  gram  of  sulfur.  Pyridine  has  the  advantage  over 
carbon  disulfide  and  other  solvents  that  it  also  dissolves  the 
amorphous  modification.  On  cooling,  the  sulfur  is  deposited 
in  crystalline  form,  entirely  soluble  in  carbon  disulfide  or 
toluene.  By  means  of  pyridine,  amorphous  sulfur  may  thus 
readily  be  transformed  into  the  crystalline  forms.  On  slow 
cooling  large  crystals  may  be  obtained. 

Procedure 

The  pyridine  should  be  water-clear  and  remain  so  on  boihng 
with  strong  alkali.  It  should  be  kept  in  a  glass-stoppered  bottle; 
samples  which  give  a  discoloration  with  alkali  are  likely  to  have 
been  contaminated  by  sulfur.  Small  amounts  of  water  or 
ammonia  do  not  interfere  in  the  qualitative  test,  but  must  be 


Specificity 

The  reaction  is  positive  with  free  sulfur  and  substances 
containing  loosely  bound  sulfur,  such  as  sodium  and  am¬ 
monium  polysulfides.  No  color  is  given  by  sodium  sulfide, 
sodium  thiosulfate,  sodium  hyposulfite,  and  similar  com¬ 
pounds.  Elementary  selenium  and  phosphorus  likewise 
show  no  color.  The  pyridine  may  be  replaced  by  other  alka¬ 
line  organic  solvents  such  as  aniline  or  triethanolamine,  but 
a  high  sensitivity  is  obtained  only  with  pyridine  or  quinoline. 
Triethanolamine  and  other  aliphatic  amines  may  also  replace 
the  inorganic  alkali. 

Interference 

Some  organic  solvents,  especially  carbon  disulfide  and 
hydrocarbons,  inhibit  the  reaction,  evidently  by  disturbing 
the  solubility  equilibrium.  The  lower  alcohols  do  not  inter¬ 
fere  and  may  be  used  instead  of  water  in  the  test.  That 
chloroform  and  other  polyhalogenated  hydrocarbons  cannot 
be  present  is  evident,  since  these  compounds  give  purple 
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colors  with  a  mixture  of  alkali  and  pyridine  {1,2,10).  Traces 
of  free  halogens  give  brown  colorations. 

Nature  and  Mechanism  of  Test 

In  an  investigation  of  color  as  a  function  of  the  degree  of 
dispersion  of  colloids,  Ostwald  (7)  demonstrated  the  existence 
of  blue  sulfur  in  hot  glycerol  and  paraffin,  and  found  that  it 
was  due  to  the  most  highly  dispersed  colloidal  form  of  sulfur, 
von  Weimarn  {13)  extended  the  experiments  to  a  series  of 
other  solvents  and  discussed  various  kinds  of  colloidal  and 
molecular  sulfur  of  many  different  colors. 

Based  on  these  earlier  experiments,  it  is  logical  to  assume 
that  the  colors  obtained  in  the  reaction  herein  described  are 
due  to  colloidal  dispersion  of  the  sulfur  in  the  aqueous  pyr¬ 
idine.  It  is  assumed  that  the  sulfur  is  in  molecular  solution 
in  pyridine;  by  the  addition  of  water  it  is  aggregated  into  a 
milky  colloidal  form.  In  the  presence  of  alkali  the  colored 
forms  appear,  the  highest  dilution  giving  the  most  highly  dis¬ 
persed  blue  form.  Increasing  concentrations  of  sulfur  give 
rise  to  the  increasingly  less  disperse  green  and  red  colors. 
Whether  the  pyridine  or  the  added  alkali  enters  into  the 
colored  product,  a  question  which  has  been  variously  dis¬ 
cussed  in  the  case  of  ammonia  and  caustic  alkalies,  cannot  be 
decided  here.  The  fading  of  the  color  apparently  is  due  to 
oxidation  of  the  sulfur  to  thiosulfate;  on  vigorous  shaking 
in  the  presence  of  air,  the  colored  reaction  mixture  takes  up 


oxygen  until  the  color  has  completely  faded.  The  resulting 
solution  then  gives  the  reactions  for  thiosulfate  but  not  for 
sulfide  ions. 

Use  of  Reaction 

The  color  reaction  has  been  tested  in  this  laboratory  by 
demonstrating  free  sulfur— e.  g.,  in  ultramarine,  in  rubber, 
in  certain  drugs  and  insecticides,  and  in  matches.  Pyridine 
has  been  found  useful  for  the  extraction  of  sulfur  on  numerous 
occasions,  as  in  the  analysis  of  heavy  metals  for  the  separa¬ 
tion  of  sulfur  from  the  sulfide  precipitates. 
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Photographic  Silver-Gelatin  Paper  as  a  Reagent 

in  Spot  Analysis' 

G.  SCHWARZ,  Gevaert  Photo-Producten  N.  V.,  Antwerp,  Belgium 


Photographic  paper  developed  to  complete  black¬ 
ness  becomes  more  brightly  reflecting  upon  dip¬ 
ping  in  hot  water.  This  brightening  is  prevented 
by  all  mercaptans  and  seleno  alcohols,  by  certain 
heterocyclic  substances  containing  imino  groups, 
by  salts  of  the  nobler  metals  such  as  silver,  by 
iodides,  and  by  substances  which  easily  split  off 
selenium  or  tellurium.  On  this  reaction  is  based 
a  microanalytical  test  for  these  substances  which  is 
here  described  in  detail  and  theoretically  discussed. 

The  reaction  is  carried  out  with  a  drop  of  the  test 
solution;  the  limiting  concentration  is  of  the 
order  of  magnitude  of  1  to  100,000.  The  method 
has  been  extended  to  the  detection  of  other  sub¬ 
stances,  and  a  further  increase  in  the  sensitivity 
of  the  reaction  is  possible. 

THE  drying  of  photographic  pictures  in  heated  presses 
strongly  decreases  their  contrast,  depending  upon  the 
temperature  and  other  working  conditions  {2).  This  phe¬ 
nomenon,  undesired  in  photography,  can  be  prevented  by 
means  of  surface  changes  in  the  silver  particles  i.  e.,  by 
changing  into  a  silver  compound,  by  covering  with  a  nobler 
metal,  or  by  adsorption  of  quite  different  substances  on  the 
surface  of  the  silver.  For  this  such  a  small  amount  suffices 
that  application  of  this  behavior  of  the  silver  of  photographic 
paper  to  analytical  purposes  appears  promising.  The  re¬ 
sults  so  far  obtained,  although  in  no  way  complete,  may  be  of 
interest  in  microchemical  analysis. 

*  Translated  by  D.  Weiblen,  University  of  Minnesota,  Minneapolis,  Minn. 


Principles  of  the  Method 

As  was  mentioned  {2),  the  decrease  of  the  blackening  of  a 
photographic  picture  which  has  been  dried  by  heat  depends 
upon  a  change  of  the  structure  of  the  silver  caused  by  the 
heat  and  pressure.  The  action  of  heat  is  the  important  factor. 
In  the  drying  process  the  effect  of  pressure  is  important  only 
in  so  far  as  it  prevents  rapid  evaporation  which  results  in  a 
cooling.  Obviously  the  change  in  structure  consists  in  a 
decrease  of  the  degree  of  dispersion  of  the  silver,  and  a  conse¬ 
quent  marked  increase  in  reflecting  power.  The  decrease 
in  the  degree  of  dispersion  occurs  not  only  as  the  result  of 
agglomeration  of  the  single  particles,  but  also  as  a  result  of  a 
partial  crystalline  coalescing.  The  irreversible  nature  of 
the  change  favors  this  assumption. 

The  increase  in  reflecting  power  brought  about  by  the 
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heat-drying  process  takes  place  before  the  pictures  are  really 
dry — that  is,  while  they  are  yet  moist — for  if  pictures  are 
dried  without  heat,  the  contrast  is  not  decreased  upon  subse¬ 
quent  heating  without  moistening.  To  attain  brightening  it  is 
not  necessary  to  dry  the  photographic  papers ;  exposure  in  a 
moist  condition  to  heat,  as  for  example,  by  dipping  for  a  few 
seconds  in  hot  water,  is  sufficient.  The  change  of  the  re¬ 
flecting  power  rapidly  reaches  a  maximum  value,  as  seen  in 
Figure  1,  for  an  arbitrarily  chosen  temperature  of  70°  C. 
In  Figure  2  is  given  the  change  of  the  reflecting  power  with 
the  temperature  upon  dipping  for  5  seconds.  In  order  to 
obtain  a  sufficiently  distinct  change  of  reflecting  power,  dip¬ 
ping  for  at  least  5  seconds  in  water  heated  to  at  least  75°  C. 
suffices;  exceeding  this  time  and  this  temperature  is  without 
effect  over  a  wide  range. 

The  brightening  becomes  greater  with  increasing  blacken¬ 
ing.  Surprisingly,  it  was  found  that  in  the  region  of  over¬ 
exposure,  where  the  blackening  no  longer  increases,  the  bright¬ 
ening  produced  by  heating  does  not  proceed  continuously,  but 
tends  to  a  maximum  value.  This  behavior  is  seen  in  the 
blackening  curve  of  a  developed  silver  chloride  paper  (Figure 
3)  before  (A)  and  after  (B)  heating.  From  this  follows  the 
simple  rule  that  for  the  analytical  application  of  this  bright¬ 
ening,  somewhat  overexposed  papers  should  be  used. 


Table  I.  Compounds  Tested 

Limiting  Concentration 


Substance 

Formula 

Alkaline 

medium 

Acid 

medium 

Dimercapto- 

thiadiazole 

N— N 

11  'I 

HS— C  C— SH 
\/ 

S 

1:100,000 

1:100,000 

iV-phenylmercapto- 

tetrazole 

N— N 

l  Ysh 

Y 

1:500,000 

1:500,000 

A 

V 

Allylaminomercapto- 

thiadiazole 

N— N 

HS — di  NH— CsHs 

Y 

1:100,000 

1:500,000 

Rhodanine 

H2C— s 
oi  C— SH 

N 

1 : 100,000 

1:20,000 

Benzylidene-  Y 

rhodanine  \ 

^>CH=C— S 

1:100,000 

Insoluble 

N 


-SH 


Cyclopentylidene- 

rhodanine 


Cyclohexylidene- 

rhodanine 


Mercapto- 

benzimidazole 


Mercapto- 

benzothiazole 


Phenyldithiobiazolone 

sulfhydrate 


JV-phenylmercapto- 

thiadiazole 


4-Phenylth.iourazole 


H;C— C  C— S 

H2i  ch.  od:  c— sh 

\/ 

h2c  n 

CH; 

h2cc  c— s 

H2i  CH;  oi  C— SH 
N 


Yh2  ^ 


/\ 


vY 


-N 

II 

C— SH 
NH 


— S 

C— SH 


/ N— N 

\ _ /  I  I! 

SC  C— SH 

Y 


<o 


N— N 
I  II 
h2c  c— sh 


Y 


NH— NH 
0(i  CS 


1:100,000  1:20,000 


1:100,000  1:20,000 


1:500,000  1:200.000 


1:100,000  1:200,000 


1:100,000  1:100,000 


1:100,000  1:100,000 


1:2000 


V 

i 

/\ 


The  choice  of  the  kind  of  paper  is  in  no  way  critical,  so 
long  as  one  uses  silver  chloride  or  slightly  sensitive  silver 
chloride-bromide  paper,  such  as  Ridax,  Velox,  Vittex,  etc. 
Of  these  the  harder  grade  is  always  the  more  suitable.  The 
photographic  industry  is  striving  to  produce  papers  which  are 
resistant  to  heat  as  far  as  possible;  at  the  present  time,  how¬ 
ever,  the  blackening  of  no  paper  withstands  dipping  into  hot 
water.  The  gelatin  layer  of  most  papers  is  sufficiently  hard¬ 
ened  to  withstand  boiling  water  for  several  seconds.  Glossy 
papers  are  recommended,  since  matt  materials  may  interfere. 


2-Thio-4-methyl- 

uracil 


Thiobarbituric  acid 


CH 

oYc— CH3 

hA  NH 

Y 


O 

H 


CH; 

<Ybo 


l 

Y 


NH 


1:100,000  1:100,000 


1:1,000,000  1:200,090 
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Table  I.  Compounds  Tested  ( Coni' d ) 


Substance 

Formula 

Limiting  Concentration 
Alkaline  Acid 

medium  medium 

Substance 

Thiolactic  acid 
(a-mercapto 
propionic  acid) 

ch3 

Ahsh 

1 

1:100,000 

1:20,000 

Potassium 

xanthogenate 

COOH 

Thioglycolic  acid 
(mercapto 
acetic  acid) 

CH2SH 

Aooh 

1 : 100,000 

1:100,000 

Benzotriazole 

a-Sulfhydryl- 

\— CH=C-  COOH 
/  | 

1 : 100,000 

1:20,000 

5-Chlorobenzo- 

(a-mercapto  cinnamic 

acid  SH 

triazole 

Thiosemicarbazide 

H2N— CS — NH— NH2 

1:20,000 

1:100,000 

Formula 

S 

s 

H&C2 — o — c 


-N 

Jr 


NH 


NH-NH- 

Diphenylthiocarbazone  Sd^ 

\=N— 


Dithiooxamide 

Thioacetanilide 


1:100,000  1:100,000 


1:500,000  1:100,000 


H2N — CS — CS — NH2 

^)NH — CS — CIL  1:100,000  1:5000 

S 


5-Nitrobenzo- 

triazole 


1,2-Naphthotriazole 


Cl— 


O2N 


-N 

A 


NH 

— N 

II 

N 
NH 


— N 
II 

N 


^>NH — CS — 


Phenylthiourea 

Selenourea 

o-Aminothiophenol 

,0-Aminoselenophenol 


H2N 

CSe 

H21/ 

/^-NH: 

— SH 


Thioacetic  acid 
Cysteine 

Cystine 

Thiosalicylic  acid 

Dithiosalicylic  acid 

Selenosalicylic  acid 

Diselenosalicylic  acid 


NHi  1:50,000  1:50,000 

1:50,000  1:50,000 

1:100,000  1:100,000 

1:100,000  1:100,000 


O  * 

H3C — C— SH  1:20,000  1:20,000 

HS— CH2—  CH— COOH  1:100,000  1:100,000 

IsTHa 

[S — CH2 — CHNH2 — COOH]2  1:20,000  1:20,000 

/\ 


NH 


1 ,2-Naphthimidazole 


N 

Ah 


Nitrobenzimidazole  O2N 


NH 

-N 

Ah 


— NH2 
— SeH 


Adenine 


-COOH 

-SH 


1:100,000  1:100,000 


Guanine 


Aminotetrazole 


C>— O  I: 

COOH  COOH 


5000  1 : 5000 


COOH 

COOH 
—SeH 


<z 


1:100,000  1:100,000 


_ge ge </  \>  1 : 5000  1 : 5000 

iooH  Aooh 


Uric  acid 


Histidine 


Limiting  Concentration 
Alkaline  Acid 
medium  medium 

Without  reaction 


1:50,000  No  reac¬ 
tion 


1:200,000  No  reac¬ 
tion 


1:200,000  1:2000 


1:200,000  No  reac¬ 
tion 


Thioacetamide 

0 

✓ 

HaC— C— NH2 

1:20,000 

1 : 1000 

\/\/ 

V  NH 

Se 

H3C — C — NH2 

H2N 

\ 

CS 

hjn" 

Benzimidazole 

/\ 

— N 

II 

CH 

\/ 

NH 

— N 

II 

CH 

No  reac-  No  reac¬ 
tion  tion 

Selenoacetamide 

Thiourea 

1:100,000 

1:100,000 

1:10,000 

1 : 1000 

Chlorobenzimidazole 

Cl— 

\/ 

1:1000  No  reaction 

1 : 5000  No  react! on 


1:2000  No  reaction 


NH 
N 

HC^'c — N 

I  II  II 

N  C  CH 

\/v 

C  NH 

I 

NHi 

N 

H2N — C  C— N 

&  A  Ah 
V'Vh 

oh 

N— N 

II  II 

N  C— NHj 

\/ 

NH 

CO 

HI'U— d — NH 

oAJ)  Ao 

'nh'Vh 

COOH  CH— N 

hA— h2c— c  Ah 


1:100,000  No  reaction 


1 : 100,000  No  reaction 


1:20,000  No  reaction 


No  reaction  No  reaction 


No  reaction  No  reaction 


I 

NHi 
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Table  I.  Compounds  Tested  ( Conc’d ) 


Substance 


Barbituric  aeid 


2,4-Thiazoledione 


Formula 

CHj 

OC^O 
I  I 

HN  NH 

HjC— s 

o=i  <i=o 

\/ 

NH 


Limiting  Concentration 
Alkaline  Acid 
medium  medium 


No  reaction  No  reaction 


No  reaction  No  reaction 


Saccharine 


No  reaction  No  reaction 


Preparation  of  Reagent  Paper 

The  kind  of  paper  found  suitable  after  a  few  preliminary 
tests  is  fully  exposed  by  artificial  light  or  daylight  (Figure  3) 
and  is  developed  without  any  further  precautions  against 
fight  for  as  long  as  is  approximately  necessary  for  the  pro¬ 
duction  of  the  image  upon  that  kind  of  paper.  For  this  the 
usual  developer  and  fixing  baths  are  used. 

Developer 

Grams  Grams 

p-Methylamino  phenol  sulfate  2  Sodium  carbonate,  crystalline  50 
Hydroquinone  5  Potassium  bromide  1 

Sodium  sulfite,  crystalline  50  Water  to  make  to  1  liter 

Fixing  Bath 

Sodium  thiosulfate,  crystalline  200  Water  to  make  to  1  liter 
Sodium  bisulfite  20  Fixing  time,  about  10  minutes 

Copious  amounts  of  the  developer  and  fixing  baths  are  used  and 
the  used  baths  are  poured  away.  The  paper  is  then  washed,  first 
about  1  hour  in  flowing  tap  water,  and  finally  with  distilled  water 
which  is  changed  many  times.  The  paper  is  allowed  to  hang 
free,  is  dried  in  clean  air,  and  is  then  cut  in  the  usual  form  of  re¬ 
agent  papers.  The  paper  thus  prepared  is  stable  indefinitely. 
To  test  the  reagent  paper,  a  piece  is  dipped  halfway  into  water 
at  70°  to  80°  C.  In  about  3  to  5  seconds  a  very  distinct  decrease 
of  the  blackening  must  be  visible. 

Carrying  Out  the  Reaction 

A  small  drop  of  the  solution  to  be  examined  is  placed  upon 
the  dry  reagent  paper  and  may  be  allowed  to  evaporate,  or  after  5 
minutes  the  excess  may  be  removed  with  a  strip  of  filter  paper. 
The  reaction  is  more  sensitive  in  the  first  case.  The  strip  is  then 
dipped,  using  tweezers,  into  hot  water  at  70°  to  90°  C.  The  reac¬ 
tion  is  positive  if  the  spot  upon  which  the  drop  was  placed  is 
black  against  a  gray  background.  The  used  reagent  paper  can 
be  dried  and  kept  as  a  permanent  record  of  this  reaction. 

Tables  I  and  II  fist  the  compounds  tested  as  above. 

Application  of  Reaction 

Compounds  which  form  slightly  soluble  silver  salts  give 
positive  results,  since  according  to  the  Paneth-Fajans 
adsorption  rule  these  compounds  can  be  easily  adsorbed  on 
silver.  Among  the  organic  compounds  these  are,  first  of  all, 
the  mercaptans,  and  in  addition  a  number  of  substances 
containing  the  heterocyclic  imino  group.  The  mercaptans 
can  be  distinguished  with  fair  certainty  from  the  heterocyclic 
imino  substances,  since  they  give  the  reaction  in  acid  as  well 
as  in  alkaline  medium,  while  the  imino  substances  do  not 
give  the  reaction  in  acid  medium,  although  if  present  in  very 
high  concentration  they  may  occasionally  react.  This  be¬ 
havior  is  in  good  agreement  with  the  adsorption  rule,  since 
the  mercaptans  form  slightly  soluble  silver  salts  in  both  acid 
and  alkaline  medium,  while  the  imino  substances  do  this 


only  in  neutral  or  best  in  alkaline  medium.  The  reaction  can 
accordingly  be  designated  as  strictly  specific  for  mercaptans. 

In  the  iodoazide  reaction  described  by  Feigl  ( 1 )  we  have  a 
very  valuable  test  for  mercaptans,  yet  fairly  large  amounts  of 
substances  which  combine  with  iodine  interfere.  Thiosul¬ 
fates  do  not  show  the  reaction  with  silver-gelatin  paper,  but 
clearly  react  with  iodoazide  solution.  Substances  with  a 
SeH —  group,  such  as  selenophenol,  give  a  positive  reaction 
in  contrast  to  the  iodoazide  reaction.  Many  other  divalent 
sulfur-containing  substances  also  give  the  reaction;  it  is  prob¬ 
able,  however,  that  these  react  only  in  a  tautomeric  sulfhydryl 
form  (thiourea,  rhodanine,  thioacetamide) . 

Disulfides  formed  by  the  oxidation  of  mercaptans,  as  well 
as  diselenides  formed  from  seleno  alcohols,  likewise  give  a 
positive  reaction,  although  with  these  substances  the  sensi¬ 
tivity  is  greatly  decreased.  Whether  the  disulfides  are  ad¬ 
sorbed  on  the  silver  by  secondary  valence  effects,  or  whether 
they  still  contain  some  mercaptan  or  substances  which  could 
be  transformed  into  mercaptans,  has  not  yet  been  determined. 
In  the  author’s  experiments  in  the  presence  of  reducing  sub¬ 
stances  the  test  for  mercaptans  has  occasionally  been  more 
sensitive,  probably  because  of  the  reduction  of  disulfides  to 
mercaptans. 

The  presence  of  heterocyclic  imino  substances  is  recognized 
by  a  positive  reaction  in  alkaline  and  a  negative  reaction  in 
acid  medium.  However,  the  reaction  is  not  applicable  to  all 
substances  in  this  group,  for,  surprisingly,  the  imidazoles 
react  only  very  weakly.  A  >CO  group  in  the  ortho  posi¬ 
tion  to  an  imino  group  interferes  with  the  test,  since  these 
substances  do  not  form  slightly  soluble  silver  salts— i.  e.,  2,4- 
thiazoledione,  barbituric  acid,  uric  acid,  etc. 

Among  the  inorganic  substances  the  strong  reaction  of 
iodides  is  remarkable,  in  contrast  to  the  inactivity  of  the 
other  halides.  Substances  which  easily  split  off  selenium  or 
tellurium  likewise  give  a  sensitive  reaction.  In  addition, 
the  salts  of  noble  metals  and  mercuric  ions  react,  the  latter 
only  weakly. 


Table  II.  Compounds  Tested 


Substance 

Limiting  C 

Potassium  iodide 

1 : 100,000 

Potassium  bromide 

No  reaction 

Potassium  chloride 

No  reaction 

Potassium  fluoride 

No  reaction 

Sodium  thiosulfate 

No  reaction 

Sodium  selenosulfate 

1:50,000)- 

Sodium  selenite 

1: 20,000  Vln 

Sodium  tellurite 

1:20,000) 

Sodium  selenosulfide 

1:20,000 

Silver  nitrate 

1 : 1000 

Chloroauric  acid 

1:500,000 

Chloroplatinic  acid 

1:20,000 

Mercuric  nitrate 

1:5000 

Mercurous  nitrate 

No  reaction 

1%  Na2S20a 


The  specified  limiting  concentrations  are  in  no  way  exact, 
but  serve  merely  as  a  first  approximation.  If  the  test  solu¬ 
tion  is  allowed  to  dry  on  the  reagent  paper  without  removing 
the  excess  with  filter  paper,  a  sensitivity  five  times  greater 
than  the  values  given  here  is  obtained.  Further  experiments 
are  in  progress  to  make  a  more  sensitive  reagent  paper. 
Although  the  method  described  is  one  of  the  most  sensitive 
of  microanalytical  methods  the  experiments  so  far  per¬ 
formed  indicate  that  it  may  be  possible  to  increase  the  sensi¬ 
tivity  five-  or  tenfold. 

The  reaction  with  silver-gelatin  paper  allows  still  other  prac¬ 
tical  applications — for  example,  the  detection  of  sugar,  ascor¬ 
bic  acid,  etc.  More  will  be  reported  concerning  this  upon 
completion  of  the  experiments. 
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Determination  of  Carbon  Disulfide  in  Air 

By  Means  of  Copper  and  Diethylamine  in  2 -Methoxy  ethanol 

FREDERICK  F.  MOREHEAD,  American  Viscose  Corporation,  Roanoke,  Va. 


THE  development  of  a  satisfactory  micromethod  for  the 
determination  of  carbon  disulfide  in  air  has  been  espe¬ 
cially  desirable  for  use  in  the  viscose  rayon  industry,  where  the 
problems  involved  are  not  only  those  of  hygiene,  but  also  of 
the  efficiency  and  economy  of  ventilating  systems,  the  detec¬ 
tion  of  leaks,  etc. 

The  chief  limitations  of  both  volumetric  and  colorimetric 
modifications  of  the  generally  accepted  xanthate  method  U) 
for  carbon  disulfide  in  gas  mixtures  are  that  they  require  the 
aspiration  of  such  large  volumes  of  air  (56,000  ml.,  2  cubic 
feet,  or  more)  for  the  extremely  small  concentrations  usually 
found  in  practice,  and  that  excessively  large  blank  corrections 
are  necessary. 


Figure  1.  New  Type  of  Absorption  Bulb 


The  recently  published  procedures  (1, 2,  S,  6,  7),  based  upon 
the  production  of  a  yellow  or  golden-brown  coloration  by  the 
action  of  carbon  disulfide  on  diethylamine  in  the  presence  of 
copper  ions,  are  considerably  more  sensitive  and  accurate 
than  the  xanthate  methods,  but  the  colors  obtained  in  ethanol 
are  rather  unstable  and  subject  to  fading.  However,  the 
present  author  has  discovered  that  the  2-methoxyethanol  re¬ 
cently  recommended  by  Winsor  ( 8 )  as  a  reaction  medium  in 
the  colorimetric  thiocyanate  method  for  iron  is  also  ideal  for 
the  determination  of  carbon  disulfide  by  the  copper-diethyl- 
dithiocarbamate  reaction.  The  color  obtained  in  this  med¬ 
ium  is  not  only  more  intense  than  that  produced  in  ethanol, 
but  is  also  stable  for  24  or  even  48  hours.  Further,  only  com¬ 
paratively  small  samples  (100  to  1000  ml.)  are  necessary  with 
this  modification. 


Apparatus 

The  absorption  train  first  used  in  this  investigation  con¬ 
sisted  of  three  Huff  (5)  five-bulb  tubes  blown  from  6-mm. 
tubing,  the  first  two  being  sealed  together  and  the  third  at¬ 
tached  by  a  ground-glass  joint.  This  type  proved  satis¬ 
factory  so  long  as  the  rate  of  aspiration  did  not  exceed  5  ml. 
per  minute ;  but  in  the  course  of  the  work  it  became  necessary 
to  sample  at  the  rate  of  50  ml.  per  minute  or  more.  Hence, 


a  new  absorption  tube  which  can  easily  be  constructed  by 
the  average  amateur  glass  blower  was  designed  to  incorpor¬ 
ate  the  following  desirable  features:  small  volume;  provi¬ 
sion  for  intimate  contact  between  gas  and  liquid;  very  low 
resistance  to  the  flow  of  gas;  and  ease  of  complete  washing 
with  small  volumes  of  liquid. 

A  small  bulb,  10  to  15  mm.  in  diameter,  is  blown  about  2  cm. 
from  the  end  of  a  12-  to  16-cm.  length  of  1-mm.  Pyrex  capillary 
tubing;  and  the  other  end  is  sealed  to  a  6-  to  7-cm.  piece  of  10- 
mm.  Pyrex  tubing  (Figure  1).  Small  indentations  are  placed  in 
the  tubing  near  the  joint,  to  prevent  the  filling  of  3-mm.  solid 
glass  beads  from  dropping  down  and  sealing  the  capillary.  Next, 
a  3-  to  4-cm.  length  of  7-mm.  Pyrex  tubing  is  sealed  on,  the  10- 
mm.  section  is  nearly  filled  with  beads,  and  the  joint  between  the 
two  is  constricted  to  prevent  them  from  falling  out  when  the  tube 
is  inverted.  Finally,  the  capillary  tubing  is  bent  to  an  angle  of 
60°  near  the  joint  for  ease  in  washing,  and  to  some  convenient 
obtuse  angle  near  the  other  end,  as  shown  in  Figure  1.  The  out¬ 
let  tube  may  also  be  bent  to  an  angle  if  desired.  This  single  ab¬ 
sorption  tube  may  be  used  alone  in  many  cases,  or  in  connection 
with  a  purification  train.  Resistoflex  tubing,  obtainable  from  the 
Resistoflex  Corporation,  Belleville,  N.  J.,  is  a  satisfactory  sub¬ 
stitute  for  ground-glass  connections. 

Figure  2  shows  a  convenient  arrangement  for  rapid  sampling  of 
small  volumes  of  air. 

A  Klett  colorimeter  was  used  in  this  investigation,  the  2-ml. 
microcups  being  employed. 

Reagents 

2-Methoxyethanol,  obtained  from  the  Carbide  and  Carbon 
Chemicals  Corporation  under  the  name  of  methyl  Cellosolve. 
If  not  colorless,  it  may  be  rendered  so  by  distillation  in  glass. 

Diethylamine,  1  per  cent  by  volume  in  2-methoxyethanol,  ob¬ 
tained  from  the  Eastman  Kodak  Company.  The  product  boiling 
at  55-56 0  C.  was  found  to  be  satisfactory. 

Cupric  acetate,  0.1  per  cent  by  weight  in  2-methoxyethanol. 

Cupric  sulfate,  5  per  cent  by  weight  in  water,  for  removal  of 
hydrogen  sulfide  in  the  purification  train.  Lead  acetate  paper 
may  be  substituted. 


Figure  2.  Method 
for  Taking  Rapid 
Samples 
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Table  I.  Analysis 

of  Known  Air-Gas  Mixtures 

Carbon 

Carbon 

Disulfide 

Disulfide 

Taken 

Found 

Difference 

Micrograms  Micrograms 

Microgram 

7.89 

8.03 

0.14 

14.58 

14.54 

-0.04 

28.60 

28.36 

-0.24 

Table  II.  Analysis  of  Air  Samples  Encountered  in 
Practice 


Carbon  Disulfide  Found 


Xanthate 

method 

Copper- 

diethylamine 

method 

Difference 

Micrograms 

Micrograms 

Microgram 

7.50 

8.02 

0.52 

10.60 

10.20 

-0.40 

11.20 

11.50 

0.30 

12.00 

11.80 

-0.20 

15.20 

14.95 

-0.25 

Sulfuric  acid,  c.  p.,  concentrated,  for  the  purification  train. 
Other  drying  agents  may  be  substituted. 

Carbon  disulfide,  c.  p.,  redistilled,  for  the  preparation  of  stand¬ 
ards. 

Experimental  Procedure 

When  hydrogen  sulfide  is  present,  it  must  be  removed  by  ab¬ 
sorption  in  5  per  cent  cupric  sulfate  solution,  or  by  passing  over 
lead  acetate  paper,  since  copper  sulfide  would  otherwise  be  pre¬ 
cipitated  in  the  copper-diethylamine  reagent.  The  gas  stream 
is  then  dried  by  sulfuric  acid  or  other  suitable  desiccating  agent; 
if  hydrogen  sulfide  is  absent,  the  entire  purification  train  can 
often  be  omitted.  The  reaction  tube  itself  should  contain  1  ml. 
of  the  diethylamine  reagent,  plus  2  drops  of  the  0. 1  per  cent  cupric 
acetate  solution. 

To  make  a  determination,  a  known  volume  of  air  is  aspirated 
through  the  apparatus,  followed  by  100  ml.  of  carbon  disulfide- 
free  air  when  the  purification  train  has  been  used,  to  sweep  the 
latter  free  from  carbon  disulfide.  Then  the  reaction  mixture  is 
rinsed  into  a  2-ml.  calibrated  flask  and  made  up  to  the  mark 
with  2-methoxyethanol.  At  the  same  time  a  suitable  standard, 
containing  5  to  20  micrograms  of  carbon  disulfide,  is  prepared, 
using  the  same  quantities  of  reagents;  and  after  20  minutes, 
they  are  compared  in  the  colorimeter. 

Typical  Results 

Several  milligram  lots  of  carbon  disulfide  were  weighed  in 
sealed  bulbs  on  a  microbalance,  and  broken  in  a  12-liter 
bottle.  After  allowing  sufficient  time  for  the  gas  to  dif¬ 
fuse  through  the  bottle,  samples  were  withdrawn  and  ana¬ 
lyzed.  The  results  in  Table  I  show  good  agreement  with 
the  theoretical  values,  for  the  small  amounts  involved. 

Discussion 

The  reaction  was  found  to  be  almost  instantaneous  when 
used  as  directed.  It  was  observed  in  a  number  of  runs  using 
the  Huff  (5)  tubes  on  air  containing  small  quantities  of  carbon 
disulfide  that  the  yellow  color  was  produced  only  in  the  first 
bulb,  and  that  there  was  practically  no  spray  carried  over 
into  the  second.  When  ethanol  was  used  as  the  reaction 
medium,  it  was  necessary  to  increase  the  number  of  tubes 
to  take  care  of  both  the  spray  carried  over  and  the  appar¬ 
ently  slower  rate  of  reaction. 

In  comparing  the  intensities  of  colors  produced  in  ethanol 
and  in  2-methoxyethanol,  using  20  micrograms  of  carbon  di¬ 
sulfide  in  each  case,  colorimeter  readings  were  20.0  and  13.5 
mm.,  respectively,  showing  an  increase  of  67.5  per  cent  in 
intensity  for  the  latter. 

Standards  containing  20  micrograms  of  carbon  disulfide 
in  2-methoxyethanol  matched  similar  freshly  prepared  stand¬ 
ards  even  after  48  hours;  longer  standing  produced  some 
fading. 

The  sensitivity  of  the  reaction  was  not  appreciably  af¬ 
fected  by  as  much  as  20  per  cent  of  water  in  the  mixed  re¬ 
agent,  but  fading  was  much  more  rapid  in  this  case;  for  this 


reason,  it  is  usually  desirable  to  insert  a  drying  tube  in  the 
train,  even  in  the  absence  of  hydrogen  sulfide,  which  of  course 
must  be  removed. 

Passage  of  large  volumes  of  carbon  disulfide-free  air 
through  the  mixed  reagent  caused  no  blank,  nor  did  it 
affect  the  intensity  of  color  produced  by  the  addition  of  a 
known  amount  of  carbon  disulfide. 


Figure  3.  Determination  of  Carbon  Disulfide 

Unknown  set  at  20.0  mm.,  2-ml.  microcups  used. 

Reading  for  standard,  micrograms  of  carbon  disulfide:  0,20;  #,10;  +,  5. 


The  most  satisfactory  range  for  this  method  proved  to  be 
from  1  to  30  micrograms,  higher  concentrations  than  these 
giving  colors  too  dense  for  accurate  comparison.  The  curves 
in  Figure  3  for  standards  containing  5,  10,  and  20  micrograms 
of  carbon  disulfide,  respectively,  show  that  Beer’s  law  is 
obeyed  satisfactorily  for  the  entire  range  recommended  in 
this  paper.  Proportional  parts  of  these  standards  were 
taken,  the  unknown  being  placed  in  the  colorimeter  cup  set  at 
20.0  mm.,  and  then  matched  by  the  standard. 

Summary 

The  copper-diethylamine  method  for  the  determination  of 
carbon  disulfide  has  been  made  sufficiently  sensitive  for  the 
determination  of  low  concentrations  in  reasonably  small 
samples  of  air  by  the  use  of  2-methoxyethanol  as  the  reac¬ 
tion  medium.  Very  good  agreement  with  Beer’s  law  has 
been  shown,  and  the  results  compare  favorably  with  those 
obtained  by  the  xanthate  method  when  used  on  air.  A  new 
and  very  satisfactory  type  of  absorption  tube  is  described. 
The  investigation  is  being  continued  with  the  object  of  im¬ 
proving  the  apparatus  and  technique,  and  of  adapting  it  to 
the  determination  of  copper. 
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New  Chemical  and  Metallurgical  Engineering 
Building  at  Purdue  University 

J.  L.  BRAY,  Purdue  University,  West  Lafayette,  Ind. 


THE  new  building  for  the  School  of  Chemical  and  Metal¬ 
lurgical  Engineering  at  Purdue  University  was  completed 
in  the  fall  of  1939  and  will  be  dedicated  at  the  Regional  Meet¬ 
ing  of  the  American  Chemical  Society  to  be  held  on  June  15, 
1940,  in  cooperation  with  the  American  Institute  of  Chemical 
Engineers  and  the  American  Institute  of  Mining  and  Metal¬ 
lurgical  Engineers.  The  building,  made  possible  in  its  present 
form  through  a  PWA  grant  of  $271,584,  represents  an  invest¬ 
ment  of  about  $600,000,  but  a  great  deal  of  equipment  in  the 
way  of  evaporators,  stills,  filter  presses,  dryers,  etc.,  was 
available  from  the  old  laboratories.  Not  only  is  it  the  newest 
and  largest  structure  of  its  kind  in  the  country,  but  it  embod¬ 
ies  many  original  features  of  design  and  construction. 

The  building  will  eventually  take  the  form  of  a  quadrangle, 
of  which  only  a  little  more  than  one  L  has  now  been  completed. 
The  front  (220  X  36  feet)  and  short  wing  (54  X  54)  have  four 
stories  and  an  attic,  and  the  longer  wing  (186  X  54)  has  a 
basement,  giving  a  total  floor  area  of  78,952  square  feet.  It  is 
of  heavy  reinforced  concrete  construction  (many  of  the 
laboratories  being  designed  for  loads  in  excess  of  200  pounds 
per  square  foot)  with  a  rough  brick  facing,  tile  roof,  and 
Indiana  limestone  trim.  Approximately  120  per  cent  more 
space  can  be  provided  by  completing  the  quadrangle  and 
adding  a  large  laboratory  or  lecture  hall  or  a  small  four-story 
building  in  the  space  now  occupied  by  a  parking  area. 

Unit  Operations  Laboratory.  Enrollment  in  this  school 
has  increased  very  rapidly  in  the  last  few  years;  a  laboratory 
built  along  conventional  lines  to  take  care  of  the  120  to  160 
students  ordinarily  enrolled  in  the  summer  session,  would 
have  been  unduly  large.  Space  has  been  conserved  by 
erecting,  in  the  main  laboratory,  only  the  large  semicom¬ 


mercial  units  such  as  the  evaporator,  rectification  column, 
batch  stills,  dryers,  filter  presses,  etc.  This  laboratory, 
which  extends  through  two  stories,  is  72  X  50  feet  with  a 
mezzanine  72  X  32  feet,  offering  5900  square  feet  of  work¬ 
ing  space.  Beneath  it  in  the  basement  is  a  large  storage 
space  where  small  equipment,  such  as  pumps,  tanks,  pipe 
assemblies,  blowers,  etc.,  can  be  stored  and  brought  up  to  the 
main  laboratory,  by  means  of  a  2-ton  electric  crane  through  an 
8X6  foot  hatch  for  study  or  the  erection  of  semicommercial 
units.  Both  the  main  floor  and  the  mezzanine  are  water¬ 
proofed  by  means  of  a  diaphragm.  The  laboratory,  lighted 
by  windows  on  three  sides  and  provided  with  very  flexible 
service  connections,  constitutes  an  unusually  commodious 

and  well-equipped  unit.  , 

A  large  control  laboratory  with  chemical  desks,  hoods,  an 
a  balance  room,  accommodating  96  students,  is  provided  on 
the  second  floor.  Here  the  students  carry  out  analytical  work 
in  connection  with  the  manufacturing  processes  that  are  a  part 
of  the  laboratory  course. 

Report  writing  is  carried  on  in  four  computation  rooms 
distributed  about  the  building,  since  it  has  been  found  to  be 
more  effective  to  carry  this  out  in  groups,  as  a  self-contained 
course,  than  to  allow  students  to  write  up  reports  at  home. 

Unit  Processes  Laboratory.  This  laboratory,  for 
chemical  technology,  covers  54  X  80  feet  on  the  third  floor. 
It  consists  of  eight  individual  research  laboratories  along  the 
side,  each  accommodating  two  graduate  students.  The  re¬ 
mainder  of  the  space  is  taken  up  by  pilot-plant  hydrogenators, 
sulfonators,  esterification  units,  nitrators,  etc.,  permitting  the 
extension  of  small-scale  laboratory  work  to  semiplant  operation 
for  general  instruction  as  well  as  research.  A  large  hood  is 
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1.  Esterification  Unit  in 
Unit  Process  Laboratory 

2.  Ore-Dressing  Labora¬ 

tory 

3.  Rolling  Mill  and  Bil¬ 

let  Furnace 

4.  Heat-Treatment 

Laboratory 

5.  Multiple-Effect 

Evaporator 
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Upper  Right.  Grind¬ 
ing  Room 


Lower  Right.  Fusion 
Kettle,  Reducer,  and 
SuLFONATOR  IN  UNIT 
Process  Laboratory 


Upper  Left.  Corner 
of  Unit  Operations 
Laboratory 


provided  at  one  end.  To  accommodate  an  autoclave  (de¬ 
signed  for  a  pressure  of  3500  pounds  per  square  inch  at  350°  C.) 
as  well  as  for  carrying  out  hazardous  reactions  in  any  semi¬ 
commercial  unit,  a  safety  room  built  of  0.5-inch  armor  plate 
is  provided  at  the  other  end  of  the  laboratory. 

Production  Metallurgy.  One  innovation  is  space  on 
the  ground  floor  devoted  to  a  very  flexible  concentrating  plant 
with  a  capacity  of  about  300  pounds  of  ore  per  hour.  The 
ore  can  be  crushed  on  the  first  floor  in  Blake  and  gyratory 
crushers  or  rolls  and  then  dropped  through  the  floor  into  a 
terraced  room.  On  the  different  levels  (about  16  inches 
apart)  are  Hardinge  mills,  classifiers,  sand  pumps,  jigs,  tables, 
conditioners,  flotation  apparatus,  thickeners,  etc.,  permitting 
wide  variations  in  the  kind  of  treatment.  The  floor  is  sealed 
off  by  a  lead  pan  to  avoid  leaks,  and  connections  are  made 
through  floor  drains  to  a  large  settling  tank  in  the  basement, 
so  that  a  close  material  balance  can  be  made  for  mill  runs. 

A  second  feature  is  an  8  X  12  inch  rolling  mill  in  the  base¬ 
ment  with  a  motor-generator  control  offering  a  wide  variation 
in  speed.  This  mill  is  equipped  with  a  pressure  meter  and  a 
variety  of  rolls,  so  that  both  hot  and  cold  rolling  can  be  carried 
on  for  undergraduate  instruction  as  well  as  for  research 
projects.  In  the  summer  session,  the  students  in  metallurgi¬ 


cal  engineering  refine  steel  in  an  electric  furnace,  reheat  the 
billets,  and  roll  them  into  shapes  for  examination  in  the 
courses  in  physical  metallurgy  and  metallography  of  the  senior 
year.  Such  work  improves  morale,  heightens  interest,  and 
serves  to  correlate  these  fundamental  metallurgical  courses. 

On  the  first  floor  is  a  production  metallurgy  laboratory  18  X 
39  feet  in  area  equipped  with  a  1200-ampere  motor-generator 
set  furnishing  current  at  55  to  120  volts,  a  35-kva.  high- 
frequency  melting  furnace,  a  small  rotary  kiln,  and  a  variety 
of  arc,  resistance,  and  gas  furnaces  for  the  roasting  and  cal¬ 
cining  of  ores  and  the  reduction,  refining,  and  melting  of 
metals. 

Three  high-temperature  stacks  are  provided,  each  12  X  16 
inches  in  area — two  for  assay  and  production  metallurgy  and 
one  for  the  billet  furnace.  These  offered  a  design  problem 
since,  for  esthetic  reasons,  the  administration  did  not  care  to 
expose  them  outside  the  building.  To  avoid  overheating  im¬ 
portant  structural  members,  the  stacks  are  built  double  and 
cooled  by  air,  and,  to  ensure  stability  and  provide  for  expan¬ 
sion,  are  enclosed  in  a  frame  of  angle  irons. 

On  the  ground  floor  is  an  18  X  46  foot  laboratory  for  fire 
assaying,  equipped  with  twelve  gas-fired  muffle  furnaces, 
adjoining  are  rooms  for  the  parting  and  weighing  of  buttons. 
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Electrometallurgy  and  Electrochemistry.  In  these 
laboratories  on  the  second  floor  are  chemical  desks,  a  storage 
battery,  and  motor  generator  sets.  A  switchboard  furnishes 
direct  current  (2  to  120  volts)  to  any  one  of  48  stations.  This 
current  may  be  derived  from  the  large  storage  battery  (60 
cells),  when  constant  voltage  is  desired,  or  from  one  of  the 
motor-generator  sets  for  power  purposes.  One  motor  genera¬ 
tor  furnishes  500  amperes  with  which  it  is  possible  to  refine 
copper,  lead,  and  zinc  and  operate  an  aluminum  pot. 

Physical  Metallurgy  and  Metallography.  These 
laboratories,  which  occupy  most  of  the  second  floor,  are  laid 
out  on  the  production  principle.  The  crude  metal  samples, 
after  being  sawed  and  rough  ground,  pass  successively  through 
laboratories  devoted  to  paper  polishing,  wet  polishing,  etch¬ 
ing,  microscopic  examination,  photography,  dark-room  proc¬ 
essing,  x-ray  examination,  dilatometric  and  physical  testing, 
and  heat  treatment.  These  laboratories  are  well  equipped 
with  24  student  microscopes,  two  Bausch  &  Lomb  and  one 
Leitz  research  microscopes,  and  a  wdde  variety  of  apparatus 
for  x-ray  examination,  physical  testing,  and  heat  treatment. 
There  is  also  a  pyrometry  laboratory,  18  X  47  feet,  excep¬ 
tionally  well  equipped  with  apparatus  for  the  measurement 
of  temperatures  and  with  gas  and  electric  furnaces. 

Classrooms  and  Offices.  More  than  half  of  the  first 
story  is  devoted  to  offices,  a  library,  a  mimeograph  room,  and 
two  conference  rooms.  Four  classrooms  and  a  large  design 
room  are  provided  on  this  floor,  while  on  the  third  floor  are 
three  more  classrooms,  a  student  society  room,  and  a  large 
lecture  room  with  seats  for  156  students.  This  lecture  room 
is  provided  with  a  fully  equipped  chemical  lecture  desk  and  an 
automatic  lantern,  is  wired  for  sound,  and  has  an  adjoining 
preparation  room  with  complete  laboratory  facilities. 

Services.  All  the  main  hallways  have  false  ceilings  which, 
in  combination  with  hollow  interior  walls  having  an  18-inch 
free  space,  facihtate  cheap  and  rapid  equipment  changes  by 
providing  steam,  25  and  150  pounds  per  square  inch;  air, 
20  and  150  pounds  per  square  inch;  vacuum;  constant-pres¬ 
sure  water;  110-  and  220-volt  alternating  current;  2-  to  120- 
volt  direct  current  (storage  battery  and  motor-generator); 
gas;  distilled  water;  and  soft  water.  The  building  is  served 
by  a  freight  elevator  with  a  capacity  of  2500  pounds. 

In  the  basement  is  a  commodious  shop  with  milling  ma¬ 
chine,  hack  saw,  lathes,  drill  presses,  welding  equipment,  and 
woodworking  machinery,  so  that  either  the  students  or  staff 
mechanics  may  build  equipment. 

A  locker  and  shower  room  with  accommodations  for  150 
students  is  on  the  ground  floor.  The  undergraduate  labora¬ 
tory  work  is  concentrated  in  the  summer;  consequently,  it 
has  been  found  well  worth  while  to  provide  these  facilities. 

The  building  is  well  ventilated  by  40  fans  located  in  the 
attic  but  controlled  by  switches  in  the  various  laboratories. 
Also  in  the  attic  are  stills  for  supplying  distilled  water  to  the 
building  and  six  500-gallon  steady-head  tanks.  Headers  run 
to  the  main  laboratories  as  well  as  to  a  number  of  the  research 


laboratories,  for  use  in  study  and  research  in  fluid  flow  and 
heat  transfer. 

Research.  The  school  now  has  an  enrollment  of  43 
graduate  students,  of  whom  about  two  thirds  are  working 
towards  the  Ph.D.  degree.  In  the  building  are  23  research 
laboratories,  each  of  which  will  accommodate  comfortably  two 
graduate  students  and  is  provided  with  complete  equipment  in 
the  way  of  hoods,  sinks,  steam  tables,  and  all  service  facilities. 

On  the  third  floor  are  laboratories  where  extensive  research 
is  carried  on  in  the  manufacture  and  utilization  of  gas  for  the 
Indiana  Gas  Association.  These  are  provided  with  chemical 
desks,  gas  analysis  apparatus,  meters,  pumps,  and  blowers  for 
testing  equipment  using  gas  as  a  fuel. 

Photography.  For  the  courses  in  photography,  quarters 
in  the  basement  include  a  classroom,  four  undergraduate  dark 
rooms,  a  large  graduate  dark  room,  and  a  room  devoted  to 
copying,  enlarging,  and  portrait  work. 

Geology,  Mineralogy,  and  Crystallography.  This 
group  of  courses  appears  to  be  more  closely  associated  with 
metallurgical  engineering  than  any  other  group  on  the  cam¬ 
pus.  Laboratories  are  provided  on  the  ground  floor  and  con¬ 
sist  of  a  large  laboratory  for  mineralogy,  smaller  ones  for 
geology  and  crystallography  offices,  and  classrooms. 

Visual  Education.  Where  the  free  space  between  the 
double  interior  walls  is  not  taken  up  by  services,  show  cases 
and  exhibits  have  been  built  in  for  visual  instruction.  Some 
of  these  industrial  exhibits  are  special  ones  furnished  by  such 
organizations  as  du  Pont,  New  Jersey  Zinc,  United  States 
Steel,  Commercial  Solvents,  and  International  Nickel.  The 
exhibit  of  the  United  States  Steel  Corporation  is  an  8  X  13 
foot  flowsheet,  whereby  the  machines  and  flow  of  raw  ma¬ 
terials  are  shown  on  a  varicolored  transparency;  the  whole 
steel  industry  from  the 
iron  mines  in  Minnesota 
to  the  finished  tin  plate 
or  pig  iron  is  placed  be¬ 
fore  the  student.  This 
organization  has  also 
made  up  five  show  cases, 
each  5X6  feet,  showing 
the  products  manufac¬ 
tured  by  its  subsidiaries 
and  their  application  in 
industry.  Just  inside 
the  main  entrance  is  a 
polished  and  etched  sec¬ 
tion  of  a  7-ton  steel  ingot. 

Standard  show  cases, 
each  5X6  feet  X  18 
inches  deep,  so  designed 
that  the  glass  shelves  can 
be  removed  for  exhibition 
of  flowsheets,  are  pro¬ 
vided  for  smaller  exhibits. 
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Analysis  of  Commercial  Fats  and  Oils 

Report  of  American  Chemical  Society  Committee 


THE  Committee  on  Analysis  of  Commercial  Fats  and  Oils 
is  ready  to  report  the  results  of  its  investigation  of  six 
methods  and  recommends  their  adoption.  These  are  the  titer, 
the  modified  Gardner  break  test,  the  detection  of  tristearin  in 
lard,  the  Villavecchia  test  for  sesame  oil,  calculations  of  the 
hydroxyl  value,  and  the  smoke,  flash,  and  fire  points.  Many 
data  have  been  collected  in  the  study  of  these  methods,  which 
has  extended  over  a  period  of  two  to  three  years. 

Titer.  The  committee  has  approved  vertical  stirring. 
The  advantages  over  horizontal  stirring  are  that  it  gives  a 
sharper  end  point,  is  more  convenient,  and  can  easily  be 
made  mechanical  by  adapting  a  suitable  motor  and  coupling 
arrangement  to  the  stirrer. 

The  specifications  for  the  titer  thermometer  have  been  re¬ 
vised.  The  new  thermometer  is  more  easily  read,  covers  a 
greater  range,  and  has  been  made  partial  immersion. 

The  committee  has  found  that  a  differential  temperature 
of  10°  C.  between  the  titer  point  and  the  bath  is  insufficient 
for  low  titers,  and  therefore  recommends  that  this  be  in¬ 
creased. 

The  committee  wishes  to  emphasize  the  fact  that  no  changes 
have  been  made  in  the  titer  determination  which  will  give  re¬ 
sults  different  from  those  that  might  be  obtained  with  the 
horizontal  stirring  method,  providing  the  latter  is  correctly 
performed.  The  committee  believes  that  the  proposed  modi¬ 
fication  will  make  it  easier  for  different  chemists  to  obtain 
uniform  and  consistent  results. 

Detection  of  Tristearin  in  Lard  (Boemer  No.).  The 
committee  has  found  that  the  F.  A.  C.  capillary  tube  method 
for  melting  points  yields  consistent  and  satisfactory  results 
with  both  the  glycerides  and  the  fatty  acids.  Since  this 
method  is  already  official  with  the  American  Oil  Chemists’ 
Society  and  the  American  Chemical  Society,  and  also  be¬ 
cause  it  is  more  convenient  than  the  use  of  a  sulfuric  acid 
bath,  the  committee  recommends  its  adoption  for  this  deter¬ 
mination. 

Further  work  on  the  crystallization  from  acetone  at  30°  C. 
indicates  that  if  care  is  taken,  sufficient  crystals  of  a 
definite  composition  can  be  obtained.  The  method  has 
been  rewritten  for  the  purpose  of  clarifying  some  of  the 
details. 

Smoke  Point.  Several  years  ago  the  A.  S.  T.  M.  Cleveland 
open  cup  apparatus  was  adopted  for  use  in  the  smoke,  flash, 
and  fire  point  methods.  The  committee  now  suggests  that 
these  methods  be  rewritten  in  accord  with  the  latest  revision 
of  the  American  Society  for  Testing  Materials. 


Villavecchia  Test.  The  Villavecchia  test  for  the  quali¬ 
tative  detection  of  sesame  oil  was  investigated  and  approved. 
This  method  is  already  official  with  the  Association  of  Official 
Agricultural  Chemists. 

Modified  Gardner  Break.  The  modified  Gardner  break 
method  for  soybean  oil  was  studied  at  the  request  of  the  Uni¬ 
form  Methods  and  Planning  Committee  of  the  American  Oil 
Chemists’  Society.  This  method  is  of  old  standing  and  has 
been  previously  studied  by  others.  Only  two  minor  changes 
are  recommended.  A  tail-form  beaker  helps  to  prevent  loss 
from  foaming.  The  thermometer  recommended  will  ensure 
better  control  of  the  temperature. 

Hydroxyl  Value.  The  committee  recommends  that  the 
method  for  calculation  of  the  hydroxyl  value  be  included  with 
the  acetyl  value  determination.  Details  of  this  calculation 
may  be  found  in  the  literature  (1-5). 

Color  Reading.  The  committee  has  approved  the  use 
of  the  2.5-cm.  (1-inch)  column  in  the  Lovibond  system  of 
color  reading  for  oil  and  fat  samples  which  cannot  be  read  in 
a  13.335-cm.  (5.25-inch)  column.  This  item  has  been  referred 
to  the  Color  Committee  for  further  handling. 

International  Fat  Commission  Program.  Unfortu¬ 
nately,  the  disturbances  in  Europe  have  held  up  the  program 
of  cooperation  in  the  study  of  fat  and  oil  analysis  with  the 
International  Fat  Commission.  It  is  hoped  that  this  may 
be  resumed  in  the  future. 

General.  Because  of  the  large  amount  of  work  ahead, 
this  committee  has  been  enlarged  during  the  past  year.  Its 
schedule  for  future  work  is  as  follows:  (1)  study  of  a  method 
for  the  quantitative  determination  of  peanut  oil;  (2)  study 
of  a  method  for  the  determination  of  insoluble  bromides; 

(3)  study  of  the  various  moisture  methods  for  fats  and  oils; 

(4)  study  of  methods  for  the  determination  of  unsaponifiable 
matter;  (5)  study  of  methods  for  the  determination  of  cho¬ 
lesterol  and  phytosterol;  (6)  further  study  of  the  F.  A.  C. 
color  standards;  and  (7)  some  study  of  iodine  number  de¬ 
terminations. 
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Modified  Villavecchia  Test  (A.  O.  A.  C.) 

Qualitative  Detection  of  Sesame  Oil 

Reagents,  c.  p.  hydrochloric  acid  (sp.  gr.  1.19).  Villa¬ 
vecchia  reagent,  2  ml.  of  c.  p.  furfural  added  to  100  ml.  of  95  per 
cent  ethyl  alcohol. 

Procedure.  Mix  10  ml.  of  the  sample  with  an  equal  volume 
of  the  hydrochloric  acid. 

Add  to  this  mixture  0.1  ml.  of  the  Villavecchia  reagent  and 
shake  well  for  15  seconds. 

Note  the  color  of  the  lower  layer  as  soon  as  possible  after  the 
emulsion  has  broken.  If  no  pink  to  crimson  color  appears,  the 
test  may  be  reported  negative  at  that  point.  If  any  color  is  ob¬ 
served  in  the  lower  layer,  add  10  ml.  of  distilled  water,  shake 
again,  and  observe  the  color  as  soon  as  separation  has  taken 
place.  If  the  color  persists,  report  the  test  as  positive.  If  the 
color  disappears,  sesame  oil  is  not  present. 

Notes.  Furfural  gives  a  violet  color  with  hydrochloric  acid; 
therefore,  it  is  necessary  to  use  the  dilute  solution  specified.  It  is 
advisable  to  read  the  color  as  soon  as  possible,  so  that  the  pink 
color,  if  present,  may  be  observed  before  it  is  masked  by  the  de¬ 
velopment  of  other  noncharacteristic  colors. 

It  is  advisable,  with  the  Villavecchia  test  as  with  others  of  a 
similar  nature,  to  run  control  samples  using  as  standards  oils  of 
known  composition. 

The  test  is  applicable  to  hydrogenated  as  well  as  unhydrogen¬ 
ated  sesame  oil  although  not  with  the  same  degree  of  sensitive¬ 
ness.  The  committee  has  found  that  as  little  as  0.25  per  cent  of 
sesame  oil  can  be  detected,  but  is  of  the  opinion  that  this  limit 
should  be  accepted  with  reservations.  It  is  the  considered  judg¬ 
ment  of  the  committee  that  there  is  every  assurance  that  at  least 
0.5  per  cent  of  sesame  oil  is  detectable  and  that  the  lower  limit 
with  respect  to  the  fully  hydrogenated  oil  is  1  per  cent. 

The  sensitivity  of  the  Villavecchia  test  to  small  quantities  of 
sesame  oil  may  be  improved  by  increasing  the  amount  of  Villa¬ 
vecchia  reagent  up  to  1  ml.  However,  doing  this  hastens  the 
rate  of  development  as  well  as  the  amount  of  noncharacteristic 
colors  that  are  formed.  Therefore,  if  greater  amounts  of  the 
reagent  are  used,  relatively  greater  care  must  be  taken  in  the 
observation  of  the  final  color. 

Detection  of  Foreign  Fats  Containing  Tristearin 
in  Unhydrogenated  Pork  Fats 
(Modified  A.  O.  A.  C.) 

Applicable  to  Detection  of  Beef  Fat  in  Lard  and  Sometimes 
Referred  to  as  Boemer  Number 

Reagents,  c.  p.  acetone.  Alcoholic  potassium  hydroxide, 
0.5  N.  Hydrochloric  acid  (1  +  1). 

Apparatus.  Centrifuge  tube,  100-ml.,  or  glass-stoppered 
cylinder  of  the  same  capacity. 

Melting  point  tubes.  Capillary  glass  tubing,  inside  diameter 
1  mm.,  thin  wall,  convenient  length  5  to  8  cm. 

Thermometer.  Any  convenient  thermometer  of  suitable  range 
but  with  0.1°  or  0.2°  C.  subdivisions. 

Procedure.  Crystallization  of  Glycerides. 

1.  Weigh  20  grams  of  the  filtered  sample  into  the  centrifuge 
tube  or  cylinder.  Adjust  the  temperature  of  the  acetone  to  30°  C. 
and  use  at  this  temperature  throughout.  Add  the  acetone  to  the 
sample  to  the  100-ml.  mark.  Shake  until  a  thorough  mixture 
results  and  allow  to  stand  for  about  18  hours  at  a  temperature 
of  30°  ±  2°  C. 

2.  Place  the  tube  in  a  suitable  centrifuge,  whirl  for  5  minutes, 
and  pour  off  the  supernatant  liquid.  If  a  centrifuge  is  not  avail¬ 
able  a  100-ml.  cylinder  is  used,  in  which  case  the  supernatant 
liquid  must  be  siphoned  off. 

3.  Add  another  20-ml.  portion  of  the  acetone  to  the  crystals, 
shake,  centrifuge,  and  decant  or  siphon  as  above. 

4.  Repeat  operation  3,  this  time  mixing  well  and  pouring 
through  a  qualitative  filter  paper.  Complete  the  transfer  of  the 
crystals  and  wash  the  contents  of  the  filter  paper  with  5  small 
portions  of  acetone. 

5.  Apply  a  vacuum  to  remove  as  much  of  the  acetone  from 
the  crystals  as  possible.  Remove  the  paper  from  the  funnel, 
place  on  a  dry  smooth  surface,  and  break  up  any  lumps  with  a 
spatula.  Allow  to  dry  thoroughly.  The  temperature  of  the 
glycerides  must  not  be  elevated  to  the  melting  point  in  drying 


because  this  will  materially  influence  the  final  results.  After 
drying,  comminute  the  mass  and  determine  the  melting  point 
as  directed  below. 

Preparation  of  Fatty  Acids. 

1.  Remove  a  sufficient  amount  of  the  glycerides  for  the  melt¬ 
ing  point  determination  and  transfer  the  remainder  into  a  500-ml. 
Erlenmeyer  flask.  Add  100  ml.  of  the  alcoholic  potassium  hy¬ 
droxide.  Place  a  small  funnel  in  the  neck  of  the  flask  to  prevent 
loss  on  boiling  and  saponify  by  boiling  for  1  hour. 

2.  Add  100  ml.  of  water  to  the  soap  solution  and  evaporate 
on  the  steam  bath  to  remove  as  much  of  the  alcohol  as  possible. 
Transfer  to  a  500-ml.  separatory  funnel.  Add  a  sufficient  amount 
of  water  to  bring  the  total  quantity  used  to  about  250  ml.  Neu¬ 
tralize  with  the  hydrochloric  acid  (1  +  1)  to  separate  the  fatty 
acids,  using  a  slight  excess.  Add  75  ml.  of  ethyl  ether  and  shake. 

3.  Draw  off  the  aqueous  layer  and  wash  the  ether  layer  at 
least  three  times  with  water  or  until  the  washings  are  neutral  to 
methyl  orange.  Withdraw  the  ethyl  ether  extract,  filter,  evapo¬ 
rate  the  ether  on  the  steam  bath,  and  dry  the  fatty  acids  at 
100°  C.  for  a  few  minutes.  Protect  the  fatty  acids  at  all  times 
from  ammonia  fumes. 

Determination  of  Melting  Point. 

1.  Seal  the  glyceride  melting  point  tubes  at  one  end  before 
introducing  the  crystals.  Insert  the  crystals  through  the  open 
end  and  force  down  into  the  closed  end  with  a  small  glass  rod  or 
wire. 

2.  Prepare  the  fatty  acid  melting  point  tubes  by  dipping  the 
open  tubes  into  the  melted  acids  so  that  the  sample  stands  about 
1  cm.  high  in  the  tube.  Seal  this  end  of  the  tube  in  a  gas  flame. 

3.  Allow  the  tubes  containing  the  fatty  acids  to  stand  for 
0.5  hour  in  ice  water  or  hold  in  a  refrigerator  overnight  (4°  to 
10°  C.). 

4.  Fasten  the  melting  point  tubes  containing  the  fatty  acids 
and  the  glyceride  crystals  to  the  thermometer  by  a  rubber  band 
or  any  other  convenient  means.  Adjust  them  so  that  the  sec¬ 
tions  of  the  tubes  containing  the  samples  are  adjacent  to  the  bulb 
of  the  thermometer.  Suspend  the  thermometer  in  a  beaker  of 
water  (suitably  agitated),  so  that  the  bottom  of  the  bulb  of  the 
thermometer  is  about  3  cm.  below  the  level  of  the  water.  The 
temperature  of  the  water  at  this  time  must  be  at  least  10°  C. 
below  the  melting  point  of  the  sample.  Heat  the  water  at  such  a 
rate  that  the  temperature  will  increase  at  about  0.5°  C.  per 
minute.  The  melting  point  is  that  point  at  which  the  samples 
become  clear  and  liquid.  Determine  the  melting  points  of  the 
glycerides  and  fatty  acids  at  the  same  time. 

Calculations.  If  the  melting  point  of  the  glycerides,  plus  twice 
the  difference  between  the  melting  point  of  the  glycerides  and  the 
melting  point  of  the  fatty  acids,  is  less  than  73°  C.  the  lard  is  re¬ 
garded  as  adulterated. 

B.  N.  =  Boemer  number 
A  =■■  melting  point  of  glycerides 
B  =  melting  point  of  fatty  acids 
B.  N.  =  A  +  2(1  -  B) 

Notes.  If  the  quantity  of  crystals  obtained  from  20  grams  is 
insufficient,  this  amount  may  be  increased,  providing  the  acetone 
is  increased  proportionally. 

The  committee’s  investigation  has  indicated  that  10  per  cent 
beef  fat  can  be  detected  with  certainty  and  many  times  amounts 
smaller  than  this,  even  down  to  5  per  cent,  can  be  found. 

Tolman  and  Robinson  have  pointed  out  that  this  method  is 
not  applicable  to  hydrogenated  pork  fats. 

The  results  on  cooperative  samples  have  indicated  that  if  the 
melting  point  of  the  glycerides  alone  is  used  as  a  criterion,  some 
pure  samples  of  lard  may  be  reported  as  adulterated.  Therefore, 
use  of  this  value  alone  is  not  recommended. 

Smoke,  Flash,  and  Fire  Points 

Applicable  to  Animal  and  Vegetable  Oils  and  Fats 

Smoke.  Apparatus. 

1.  Cleveland  Flash  Cup,  A.  S.  T.  M.  Designation  D92-33. 

The  Cleveland  open  cup  is  made  of  brass  and  conforms  to  the 

dimensional  requirements  prescribed  in  Table  I.  The  beveled 
edge  of  the  cup  shall  be  at  an  angle  of  approximately  45°.  There 
may  be  a  fillet  approximately  0.397  cm.  in  radius  inside  the 
bottom  of  the  cup. 

2.  Heating  Plate.  A  metal  plate,  0.635  cm.  in  thickness  and 
15.24  cm.  in  width  for  supporting  the  flash  cup.  The  plate 
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shall  be  of  brass,  cast  iron,  wrought  iron,  or  steel.  In  the  center 
of  the  plate  there  shall  be  a  plane  depression  0.079  cm.  in  depth, 
and  of  just  sufficient  diameter  to  fit  the  cup.  There  shall  be  a 
circular  opening  5.50  cm.  in  diameter,  cut  through  the  plate, 
centering  with  the  center  of  the  above-mentioned  depression. 
The  plate  shall  be  covered  with  a  sheet  of  hard  asbestos  board 
0  635  cm.  (0.25  inch)  in  thickness,  and  of  the  same  shape  as  the 
metal  plate.  In  the  center  of  the  asbestos  board  is  cut  a  circular 
hole  just  fitting  the  cup. 

Heat  may  be  supplied  from  any  convenient  source.  1  he  use  ol 
a  gas  burner,  electric  heater,  or  alcohol  lamp  is  permitted,  but 
under  no  circumstances  are  products  of  combustion  or  free  name 
allowed  to  come  up  around  the  cup.  The  source  of  heat  shall  be 
centered  under  the  opening  in  the  plate  and  shall  be  of  a  type 
that  will  not  produce  local  superheating.  If  a  flame  heater  is 
used,  it  may  be  protected  from  drafts  or  excessive  radiation  by 
any  ’suitable  type  of  shield,  that  does  not  project  above  the 
level  of  the  upper  surface  of  the  asbestos  board. 

3.  Thermometer,  A.  S.  T.  M.  Open  Flash. 


El  (11C-39) 


El  (11F-39) 


Liquid 

Filling  above  liquid 
Temperature  range 
Subdivisions 
Total  length 
Stem  diameter 
Bulb  diameter 
Bulb  length 

Bottom  of  bulb  to  graduation  line  at 
Distance 

Top  of  thermometer  to  graduation 
line  at 
Distance 
Top  finish 

Longer  graduation  lines  at  each 
Graduations  numbered  at  each 
multiple  of 
Immersion 

Special  marking  on  thermometer 


Mercury  Mercury 

Nitrogen  gas  Nitrogen  gas 

-6°  to  +400°  C.  +20°  to  +760°  F. 
2°  C  5°  F. 

303  to  307  mm. 

6.0  to  7.0  mm. 

Not  greater  than  stem 
Not  over  13  mm. 

-6°  C.  +20°  F. 

40  to  50  mm. 


+  400' 


Scale  error  at  any  point  up  to 
When  standardized  shall  not  ex¬ 
ceed 

Test  for  permanency  of  range 


Red  glass  ring 
10°  C. 

10°  C. 

25  mm. 
25-mm.  imm. 
A.  S.  T.  M. 
Open  Flash 
372°  C. 


C.  +760‘ 

30  to  45  mm. 


F. 


Marking  on  case 


Standardization 


1°  C. 

Subject  to  360°  to 
370°  C.  for  24  hours 

A.  S.  T.  M.  Open 
Flash 

-6°  to  +400°  C. 

Standardize  thermometer  at  ice  point  and 
at  intervals  of  approximately  50°  C. 
or  100°  F.  for  25-mm.  or  1-inch  im¬ 
mersion  and  for  following  temperatures 
of  emergent  mercury  column: 


Red  glass  ring 
10°  F. 

20°  F. 

1  inch 

1-inch  imm. 

A.  S.  T.  M. 
Open  Flash 
700°  F. 

2.5°  F. 

Subject  to  680°  to 
700°  F.  for  24  hours 
A.  S.  T.  M.  Open 
Flash 

+  20°  to  +760°  F. 


Thermometer 

Reading 

°  C. 


Average 
Temperature 
of  Emergent 
Mercury  Column 

°  C. 


Thermometer 

Reading 

°  F. 


Average 
Temperature 
of  Emergent 
Mercury  Column 

°  F. 


100 

150 

200 

250 

300 

350 


44 

54 

64 

77 

91 

108 


200 

300 

400 

500 

600 

700 


110 

129 

150 

175 

205 

240 


4.  Cabinet.  This  shall  be  constructed  of  the  materials  and 
in  accordance  with  the  dimensions  indicated  in  Figure  1. 

Procedure.  Fill  the  cup  with  the  sample  so  that  the  top  of  the 
meniscus  is  exactly  at  the  filling  line  of  the  cup.  Adjust  the  posi¬ 
tion  of  the  apparatus  so  that  the  beam  of  light  is  directed  across 
the  center  of  the  cup.  Suspend  the  thermometer  in  the  center  of 
the  dish  with  the  bottom  of  the  bulb  approximately  0.635  cm. 
(0.25  inch)  from  the  bottom  of  the  cup. 

Heat  the  sample  rapidly  to  within  approximately  75°  F.  of  the 
smoke  point.  Thereafter  regulate  the  flame  so  that  the  tem¬ 
perature  of  the  sample  increases  at  a  rate  of  not  less  than  9°  or 
more  than  11°  F.  per  minute.  The  smoke  point  is  taken  as  the 
temperature  at  which  the  sample  gives  off  a  thin  bluish  smoke 
continuously. 


Notes.  In  some  cases  a  slight  puff  of  smoke  appears  before  the 
sample  begins  to  smoke  continuously.  This  is  to  be  disregarded. 

It  is  essential  to  keep  the  cup  entirely  clean  and  free  from  any 
substances  which  might  cause  smoke  to  appear  ahead  of  the 
true  smoke  point. 

Flash  and  Fire.  Apparatus.  The  apparatus  including  the 
thermometer  is  identical  with  that  used  for  the  smoke  point 
except  that  the  cabinet  is  not  used. 


Table  I.  Dimensional  Requirements  for  Cleveland  Open 

Flash  Cup 


Mini¬ 

Nor¬ 

Maxi¬ 

Minimum  Normal 

Maximum 

mum 

mal 

mum 

Inches 

Inches 

Inches 

Cm. 

Cm. 

Cm. 

Inside  diameter  im¬ 

mediately  below 
filling  mark 

2*5/32 

21/2 

211/32 

6.27 

6.35 

6.43 

Outside  diameter 

below  flange 

Inside  height  from 

221/32 

211/16 

223/s; 

6.75 

6.83 

6.91 

center  of  bottom 
to  rim 

1 2/32 

1+16 

lu/32 

3.25 

3.33 

3.41 

Thickness  of  bottom 

7/64 

i/s 

2/64 

0.28 

0.32 

0.36 

Distance  from  rim 

* 

0.91 

0.95 

0.99 

to  filling  mark 

Distance  from  lower 

22/64 

3/8 

23/64 

surface  flange  to 
bottom  of  cup 

1 1/32 

D/l 

19/32 

3.10 

3.18 

3.26 

Vertical  distance 

from  upper  sur¬ 
face  flange  to  rim 

2/ 64 

Vs 

9/64 

0.28 

0.32 

0  36 

Thickness  of  rim 

■Width  of  lower  sur¬ 

5/ 64 

3/32 

V  64 

5/s 

0.20 

1.43 

0.24 

1.51 

0.28 

1.59 

face  of  flange 

Vl6 

12/32 

Procedure. 

1.  Suspend  the  thermometer  or  hold  in  a  vertical  position  by 
any  suitable  device,  so  that  the  bottom  of  the  bulb  is  approxi¬ 
mately  0.635  cm.  (0.25  inch)  from  the  bottom  of  the  cup,  and  , 
above  a  point  half  way  between  the  center  and  back  of  the  cup. 

2.  Fill  the  cup  with  the  sample  to  be  tested  in  such  a  manner 
that  the  top  of  the  meniscus  is  exactly  at  the  filling  line  at  room 
temperature. 

3.  The  test  flame  should  be  approximately  0.397  cm.  (0.125 
inch)  in  diameter.  Apply  the  test  flame  as  the  temperature  read 
on  the  thermometer  reaches  each  successive  5°  F.  mark,  so  that 
the  flame  passes  in  a  straight  line  (or  on  the  circumference  of  a 
circle  having  a  radius  of  at  least  15  cm.)  across  the  center  of  the 
cup  and  at  right  angles  to  the  diameter  passing  through  the  ther¬ 
mometer.  The  test  flame  shall,  while  passing  across  the  surface 
of  the  sample,  be  in  the  plane  of  the  upper  edge  of  the  cup.  The 
time  for  the  passage  of  the  test  flame  across  the  cup  shall  be  ap¬ 
proximately  1  second. 

4.  Heat  the  sample  at  a  rate  not  exceeding  30  F.  rise  per 
minute  until  a  point  is  reached  approximately  100°  F.  below  the 
probable  flash  point  of  the  sample.  Thereafter  decrease  the 
rate  of  heating;  for  at  least  the  last  50°  F.  before  the  flash  point 
is  reached,  the  rate  shall  be  not  less  than  9°  F.  nor  more  than 
11°  F.  rise  per  minute. 

5.  Flash  Point.  Take  as  the  flash  point  the  temperature 
read  on  the  thermometer  when  a  flash  appears  at  any  point  on 
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Figure  1.  Apparatus  for  Determining  Smoke  Point 
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the  surface  of  the  sample.  The  true  flash  must  not  be  con¬ 
fused  with  a  bluish  halo  that  sometimes  surrounds  the  test  flame. 

6.  Fire  Point.  After  determining  the  flash  point,  continue 
the  heating  at  the  specified  rate  of  9°  to  11°  F.  per  minute,  and 
apply  the  test  flame  at  the  specified  intervals  until  the  oil  ignites 
and  continues  to  burn  for  at  least  5  seconds.  The  method  of 
application  of  the  flame  shall  be  the  same  as  for  the  flash  point. 
The  temperature  read  at  the  time  of  the  flame  application  which 
causes  burning  for  a  period  of  5  seconds  or  more  is  recorded  as 
the  fire  point. 

Notes.  The  flash  point  and  fire  point  tests  should  be  made  in 
a  room  or  compartment  free  from  air  drafts.  The  operator  should 
avoid  breathing  over  the  surface  of  the  sample.  The  room  or 
compartment  should  be  darkened  sufficiently  so  that  the  flash 
may  be  readily  discernible. 


Acetyl  and  Hydroxyl  Values 

The  acetyl  value  is  defined  as  the  number  of  milligrams  of 
potassium  hydroxide  required  for  the  neutralization  of  the  acetic 
acid  obtained  on  saponifying  1  gram  of  an  acetylated  fat  or  wax, 
and  is  a  measure  of  the  hydroxyl  content  of  the  sample.  How¬ 
ever,  in  using  the  Andre-Cook  formula  it  must  be  remembered 
that  the  calculations  are  based  on  the  weight  of  acetylated  fat. 
The  hydroxyl  value  may  be  defined  as  the  number  of  milligrams 
•of  potassium  hydroxide  equivalent  to  the  hydroxyl  content  of  the 
sample.  The  hydroxyl  value  is  based  on  the  weight  of  the  un- 
acetylated  fat  (I,  2,  If). 

Reagents,  c.  p.  freshly  distilled  acetic  anhydride  (99  to 
100  per  cent).  0.5  N  hydrochloric  acid. 

Alcoholic  Potassium  Hydroxide.  Dissolve  40  grams  of  pure 
potassium  hydroxide  in  1  liter  of  95  per  cent  redistilled  ethyl 
alcohol.  The  alcohol  should  be  redistilled  from  potassium  hy¬ 
droxide  over  which  it  has  been  standing  for  some  time,  or  with 
which  it  has  been  boiled  for  some  time,  using  a  reflux  condenser. 
The  solution  must  be  clear  and  the  potassium  hydroxide  free  from 
carbonates. 

Procedure.  Acetylation  {A.  0.  A.  C.  Method).  Boil  50  ml. 
of  the  sample  with  50  ml.  of  acetic  anhydride  under  a  reflux 
condenser  for  2  hours.  Pour  the  mixture  into  500  ml.  of  distilled 
water  in  a  beaker  and  boil  for  15  minutes  while  bubbling  a  stream 
of  carbon  dioxide  through  the  solution  to  prevent  bumping. 
Siphon  off  the  water,  add  500  ml.  more  water,  and  boil  again  for 
15  minutes.  Repeat  the  siphonation  and  boil  for  15  minutes  with 
a  third  500-ml.  portion  of  water.  Allow  the  mixture  to  cool  and 
separate  the  aqueous  layer,  which  should  be  neutral  to  litmus. 
Transfer  the  acetylated  sample  to  a  separatory  funnel  and  wash 
with  two  200-ml.  portions  of  warm  water.  Separate  as  much  of 
the  water  as  possible,  add  5  grams  of  anhydrous  sodium  sulfate 
to  the  acetylated  sample,  and  let  stand  for  1  hour,  agitating 
occasionally  to  assist  in  drying.  Filter  through  a  dry  folded 
filter,  preferably  in  an  oven  heated  to  100°  to  110°  C.,  and  keep 
the  filtered  sample  in  the  oven  until  the  sample  is  completely 
■dry.  The  acetylated  product  should  be  clear  and  brilliant. 

Determination  of  Saponification  Number.  Weigh  accurately 
about  5  grams  of  the  filtered  sample  into  a  250-  to  300-ml.  Erlen- 
meyer  flask.  Pipet  50  ml.  of  the  alcoholic  potassium  hydroxide 
solution  into  the  flask,  allowing  the  pipet  to  drain  for  a  definite 
time.  Connect  the  flask  with  an  air  condenser  and  boil  until  the 
fat  is  completely  saponified  (about  30  minutes) .  Cool  and  titrate 
with  0.5  N  hydrochloric  acid,  using  phenolphthalein  as  an  indi¬ 
cator.  Calculate  the  saponification  number  (milligrams  of  po¬ 
tassium  hydroxide  required  to  saponify  1  gram  of  fat).  Conduct 
one  or  two  blank  determinations,  using  the  same  pipet  and  drain¬ 
ing  for  the  same  length  of  time  as  above.  The  saponification 
numbers  are  to  be  determined  on  both  acetylated  and  unacety- 
lated  portions. 


H  =  hydroxyl  value  (3,  5) 

H  =  S'  ~S 

1  -  0.000756" 

To  calculate  the  acetyl  value  from  the  hydroxyl  value 


1  +  0.00075# 

Notes.  Determination  of  acetyl  value  by  the  filtration  method 
or  distillation  method  is  extremely  difficult  and  unreliable.  The 
Andre-Cook  saponification  method  ( 1 )  yields  accurate  and  con¬ 
cordant  results  on  fats  and  oils  containing  stable  hydroxyl 
groups  such  as  castor  oil,  and  is  by  far  the  simplest  and  easiest 
to  manipulate.  For  blown  oils  and  others  having  unstable  hy¬ 
droxyl  groups  none  of  the  methods  commonly  used  yields  con¬ 
cordant  results. 


Modified  Gardner  Break  Test 


Applicable  to  Crude  Soybean  Oil 

Reagents,  c.  p.  hydrochloric  acid  (sp.  gr.  1.19),  and  c.  p. 
carbon  tetrachloride. 

Apparatus. 

1.  Beaker,  Electrolytic  Type,  Capacity  180  Ml. 

2.  Thermometer,  A.  S.  T.  M.  Open  Flash. 


El  (11C-39) 


El  (11F-39) 


Liquid 

Filling  above  liquid 
Temperature  range 
Subdivisions 
Total  length 
Stem  diameter 
Bulb  diameter 
Bulb  length 

Bottom  of  bulb  to  graduation  line 
at 

Distance 

Top  of  thermometer  to  graduation 
line  at 
Distance 
Top  finish 

Longer  graduation  lines  at  each 
Graduations  numbered  at  each 
multiple  of 
Immersion 

Special  marking  on  thermometer 


Mercury  Mercury 

Nitrogen  gas  Nitrogen  gas 

-6°  to  +400°  C.  +20°  to +760°  F. 
2°  C.  5°  F. 

303  to  307  mm. 

6.0  to  7.0  mm. 

Not  greater  than  stem 
Not  over  13  mm. 


-6°  C. 

40  to  50 

+  400°  C. 

30  to  45 
Red  glass  ring 

10°  C 
10°  C. 


25  mm. 
25-mm.  imm. 
A.  S.  T.  M. 
Open  Flash 


+  20°  F. 
mm. 

+  760°  F. 
mm. 

Red  glass  ring 
10°  F. 

20°  F. 

1  inch 
1-inch  imm. 
A.  S.  T.  M. 
Open  Flash 


Scale  error  at  any  point  up  to 
When  standardized  shall  not  ex¬ 
ceed 

Test  for  permanency  of  range 
Marking  on  case 


Standardization 


372°  C. 


700°  F. 


1°  C. 

Subject  to  360°  to 
370°  C.  for  24  hours 
A.  S.  T.  M. 


2.5°  F. 

Subject  to  680°  to 
700°  F.  for  24  hours 
A.  S.  T.  M. 


Open  Flash  Open  Flash 

-6°  to  +400°  C.  +20°  to  +  760°  F. 

Standardize  thermometer  at  ice  point 
and  at  intervals  of  approximately 
50°  C.  or  100°  F.  for  25-mm.  or  1-inch 
immersion  and  for  following  tempera¬ 
tures  of  emergent  mercury  column: 


Thermometer 

Average 
Temperature 
of  Emergent 

Thermometer 

Average 
Temperature 
of  Emergent 

Reading 

Mercury  Column 

Reading 

Mercury  Column 

°  C. 

°  C. 

°  F. 

°  F. 

100 

44 

200 

110 

150 

54 

300 

129 

200 

64 

400 

150 

250 

77 

500 

175 

300 

91 

600 

205 

350 

108 

700 

240 

3.  Porcelain  Crucible,  Bitumen  Tvpe,  A.  S.  T.  M.  Test  D4-27, 
1938. 


Diameter  at  top  4.4  cm. 

Diameter  at  bottom  3.6  cm. 

Depth  2.5  cm. 


Calculations. 

a  =  ml.  of  hydrochloric  acid  required  to  titrate  blank 
b  =  ml.  of  hydrochloric  acid  required  to  titrate  sample 

a  ,  (a  -  b)  28.05 

weight  of  sample 

6  =  saponification  number  before  acetylation 
6'  =  saponification  number  after  acetylation 
A  =  acetyl  value 

S'  —  S 

A  =  1  -  0.000756 


Procedure. 

1.  Heat  a  sufficient  amount  of  the  well-mixed  sample  to  75°  C. 
(167°  F.)  and  maintain  at  this  temperature  for  about  5  minutes, 
so  as  to  melt  all  fat-soluble  particles  which  may  be  present. 

2.  Weigh  25  grams  into  the  designated  beaker,  add  3  drops 
of  the  hydrochloric  acid,  and  stir  in  thoroughly.  Suspend  the 
thermometer  in  the  center  of  the  oil-acid  mixture,  so  that  the 
bulb  is  completely  immersed  but  not  touching  the  bottom  of  the 
beaker.  Apply  heat  so  that  the  temperature  rise  will  be  74°  to 
79.5°  C.  (165°  to  175°  F.)  per  minute.  (Caution.  Do  not  stir 
or  otherwise  disturb  the  sample  after  heating  has  begun.)  Heat 
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to  289°  C.  (550°  F.)  and  withdraw  the  flame.  Cool  to  about 
25°  C.  (77°  F.)  in  a  water  bath  or  in  air. 

3.  After  cooling  add,  while  stirring,  50  ml.  of  the  carbon 
tetrachloride  to  dissolve  the  oil.  Allow  to  stand  for  1  hour, 
stirring  at  15-minute  intervals  to  remove  any  oil  which  may  be 
occluded  to  the  surface  of  or  within  the  separated  material. 

4  The  crucible  should  be  prepared  with  medium  fiber  as¬ 

bestos,  and  the  pad  must  be  thick  enough  to  prevent  breaking 
through.  Wash  the  mat  with  water  and  alcohol  and  dry  to  con¬ 
stant  weight  before  using.  . 

5  Filter  the  sample  with  the  aid  of  a  vacuum,  using  a  police 
man  to  remove  any  traces  of  break  from  the  beaker.  Wash  the 
break  on  the  crucible  well,  using  not  less  than  five  20-ml.  portions 
of  carbon  tetrachloride.  Drain  the  crucible  dry  after  each  addi¬ 
tion  and  break  the  vacuum  when  each  new  portion  is  added, 
to  ensure  removal  of  all  traces  of  oil.  Dry  the  crucible  at  105  U. 
to  constant  weight  and  determine  the  weight  of  the  residue  on 
the  crucible. 

Calculation.  „ 

%  break  =  weight  of  residue  X  4 

Titer 

Solidification  Point  of  Fatty  Acids 

Reagents.  Glycerol  Caustic.  Dissolve  with  the  aid  of  heat, 
250  grams  of  solid  potassium  hydroxide  in  1250  grams  of  glycerol 
(dynamite  or  c.  p.  grade).  To  avoid  foaming,  do  not  heat  above 

135°  to  145°  C.  ,  , 

Sulfuric  acid,  30  per  cent  by  weight,  may  be  readily  prepared 
by  adding  16  ml.  of  sulfuric  acid  (sp.  gr.  1.84)  to  70  ml.  of  water. 
Apparatus. 

1.  Two-liter  Griffin  low-form  beaker. 

2.  Wide-mouthed  bottle,  capacity  450  ml.,  height  190  mm., 
inside  diameter  of  neck  38  mm. 

3.  Test  tubes,  length  100  mm.,  diameter  25  mm.,  with  or 
without  rim.  These  tubes  may  have  an  etched  mark  extending 
around  the  tube  at  a  distance  of  57  mm.  from  the  bottom  to  show 
the  height  to  which  the  tube  is  to  be  filled. 

4.  Saponification  vessel  may  be  a  flask,  beaker,  or  casserole 
of  a  convenient  capacity.  The  form  is  not  important,  so  long 
as  it  is  satisfactory  for  the  saponification. 

5.  Laboratory  thermometer,  0°  to  150°  C. 

6.  Stirrer,  2  to  3  mm.  in  outside  diameter,  one  end  bent  in 
the  form  of  a  loop  19  mm.  in  diameter.  Glass,  Nichrome,  stain¬ 
less  steel,  or  Monel  wire  may  be  used.  The  upper  end  can  be 
formed  to  accommodate  hand  stirring  or  attached  to  a  mechanical 
stirrer. 

7.  Titer  Thermometer.  Type,  etched  stem  glass.  Liquid^, 
mercury.  Range  and  subdivision,  —2  to  +68°  C.  in  0.2 
graduations.  Total  length,  375  to  385  mm.  Stem  constructed  of 
suitable  thermometer  tubing  with  a  diameter  of  6  to  7  mm. 
May  be  plain  front  or  of  the  magnifying  lens  type.  Red  reading 
mercury  is  preferable  but  not  obligatory. 

Bulb,  Corning  normal  or  equally  suitable  thermometric  glass. 
Diameter  not  less  than  5.5  mm.  but  not  greater  than  that  of  the 
stem.  Length,  15  to  25  mm.  Distance  to  -2  mark  from 
bottom  of  bulb,  50  to  60  mm.  Length  of  graduated  scale,  300 
mm.  minimum.  Length  of  unchanged  capillary  between  lowest 
graduation  mark  and  bulb,  13  mm.  minimum. 

Expansion  chamber,  to  permit  heating  the  thermometer  to  at 
least  85°  C.  Length  of  unchanged  capillary  between  uppermost 
graduation  mark  and  expansion  chamber,  10  mm.  minimum. 
Top  finish,  glass  ring.  Tubing  above  mercury  evacuated  or 
filled  with  nitrogen  or  other  suitable  inert  gas. 

Graduation.  All  lines,  figures,  and  letters  clear-cut  and  dis¬ 
tinct;  each  degree  mark  longer  than  the  remaining  lines;  gradua¬ 
tions  numbered  at  each  multiple  of  2°. 

Immersion,  45  mm. 

Marking.  “F.  A.  C.  Titer  Test”,  serial  number,  and  manu¬ 
facturer’s  name  or  trade-mark  etched  upon  the  stem.  The  words 
“45-mm.  immersion”  also  etched  upon  the  stem,  and  a  line 
etched  around  the  stem  45  mm.  above  the  bottom  of  the  bulb. 

Standardization.  The  thermometer  may  be  standardized  at 
optional  intervals  and  for  an  average  temperature  of  the  emergent 
mercury  column  of  25°  C. 

Scale  error  at  any  point,  when  the  thermometer  is  standardized 
at  45-mm.  immersion,  shall  not  exceed  0.2°  C. 

Case.  The  thermometer  shall  be  supplied  in  a  suitable  case 
on  which  appears  the  marking:  “F.  A.  C.  Titer  Test”,  —2° 
to  +68°  in  0.2°  graduations. 

Note.  For  the  purpose  of  interpreting  these  specifications,  the 
following  definitions  apply:  The  total  length  is  the  over-all 
length  of  the  finished  instrument.  The  diameter  is  that  measured 


with  a  ring  gage  or  micrometer.  The  length  of  the  bulb  is  the 
distance  from  the  bottom  of  the  bulb  to  the  beginning  of 
the  enamel  backing.  The  top  of  the  thermometer  is  the  top  of 
the  finished  instrument. 


Preparation  of  Fatty  Acids. 

1  Weigh  110  grams  of  glycerol  caustic  into  the  saponifica¬ 
tion  vessel,  stir  while  heating  to  150°  C.,  add  50  ml.  of  melted 
fat,  and  reheat.  In  some  cases  a  little  additional  caustic  may  be 
necessary  to  ensure  complete  saponification. 

2.  Continue  stirring,  being  careful  not  to  heat  above  150  C., 
until  completely  saponified  (see  notes  below). 

3.  Cool  slightly,  add  200  to  300  ml.  of  water,  and  after  the 
solution  of  the  soap  add  50  ml.  of  the  sulfuric  acid,  stirring  dur¬ 
ing  the  addition.  After  separation  of  the  fatty  acids,  add  more 
water  if  desired  and  continue  boiling  until  the  fatty  acids  are 
completely  melted  and  clear.  If  a  gas  burner  is  used  for  heating, 
the  water  level  should  be  high  enough  to  prevent  scorching  on  the 


sides  of  the  dish. 

4  The  aqueous  layer  containing  the  sulfuric  acid  may  be 
removed  from  under  the  fatty  acid  layer  by  an  appropriate  si¬ 
phon.  Again  add  water  and  boil  2  or  3  minutes,  making  sure 
that  all  the  fatty  acids  are  melted  and  clear.  Fats  of  high  melt¬ 
ing  point  are  sometimes  slow  to  melt  and  clear.  The  fatty  acid 
layer  should  be  carefully  inspected  while  it  is  quiet,  to  be  sure  all 

has  melted.  ,  ,  ...  ,  „ 

5.  Siphon  off  water  again  and  repeat,  if  necessary,  with  water 
as  under  operation  4  until  wash  water  is  neutral  to  methyl 

6.  g  Carefully  remove  fatty  acids  so  as  not  to  include  any  water. 
Filter  these  while  entirely  melted  through  any  rapid  filtering 
Daner.  Heat  the  filtered  acids  on  a  hot  plate  to  130  C.  to  re- 


Figure  2.  Assembly  for  Stirring  Titers 

Three  corks  located  at  equal  distances  apart  between  bottle  and  beaker 
hold  the  form  rigid.  Scale,  approximately  half  actual  size. 


384 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


YOL.  12,  NO.  7 


move  traces  of  moisture  and  pour  into  the  test  tube,  filling  it  to  a 
height  of  57  mm.  from  the  bottom.  The  sample  should  not  be 
held  at  130°  C.  nor  should  it  be  reheated  to  this  temperature 
more  than  once.  If  excessive  moisture  is  present,  decant  the  acids 
after  standing  for  a  few  minutes,  refilter  and  reheat.  The  acids 
must  be  thoroughly  dry. 

Solidification  of  Fatty  Acids. 

1.  Fill  the  water  bath  and  adjust  the  temperature.  The 
temperature  of  the  water  should  be  20°  C.  for  all  samples  having 
titers  of  35°  C.  or  higher,  and  15°  to  20°  C.  below  the  titer  point 
for  all  samples  with  titers  below  35°  C.  The  water  level  should 
be  1  cm.  above  the  sample  level. 

2.  Place  the  test  tube  containing  the  fatty  acids  in  the  as¬ 
sembly  as  shown  in  Figure  2.  Insert  the  titer  thermometer  to  the 
immersion  mark  and  equidistant  from  the  sides  of  the  tube. 

3;  Stir  with  the  stirring  rod  in  a  vertical  manner  at  the  rate 
of  100  complete  up  and  down  motions  per  minute.  The  stirrer 
should  move  through  a  vertical  distance  of  about  3.8  cm.  The 
stirring  may  be  performed  by  mechanical  means  by  attaching  a 
small  motor  with  suitable  reducing  gears  to  the  stirring  rod. 
Start  the  agitation  while  the  temperature  is  at  least  10°  C.  above 
the  titer  point. 

4.  Stir  at  the  directed  rate  until  the  temperature  remains 
constant  for  30  seconds,  or  begins  to  rise  in  less  than  a  30-second 
interval.  Discontinue  stirring  immediately  and  observe  the  in¬ 
crease  in  temperature.  Report  as  the  titer  the  highest  point 
reached  by  the  thermometer.  Duplicate  determinations  are 
normally  expected  to  agree  within  0.2°  C. 

Notes.  Saponification  is  usually  indicated  by  a  change  in  the 
appearance  of  the  mass,  which  finally  becomes  homogeneous. 
Frequently  saponification  is  indicated  by  a  thickening  or  in¬ 
crease  in  the  viscosity  of  the  mass,  which  again  thins  out  after 
the  reaction  is  complete.  Also,  soap  bubbles  begin  to  form  and 
rise  from  the  sample  after  the  reaction  is  complete.  Familiarity 
with  the  test  and  the  change  which  takes  place  during  saponifica¬ 


tion  usually  enables  one  to  determine  the  proper  end  point. 
Under  some  abnormal  conditions,  the  above-mentioned  indica¬ 
tions  may  not  be  reliable,  so  that  considerable  care  should  be 
exercised  to  ensure  complete  saponification.  The  committee  has 
investigated  a  number  of  proposed  tests  for  complete  saponifica¬ 
tion,  but  up  to  the  present  time  none  has  been  found  which  is 
reliable  under  all  circumstances. 

Sodium  hydroxide  cannot  be  substituted  for  potassium  hy¬ 
droxide  in  the  glycerol  method.  This  method  is  quick  and  satis¬ 
factory.  If  an  alternate  method  of  preparing  the  fatty  acids  is 
desired,  the  following  may  be  used: 

Saponify  50  grams  of  fat  with  60  ml.  of  a  solution  of  2  parts 
of  methanol  to  1  part  of  50  per  cent  sodium  hydroxide.  Dry, 
pulverize,  and  dissolve  the  soap  in  1000  ml.  of  water  in  a  porce¬ 
lain  dish  and  then  decompose  with  25  ml.  of  75  per  cent  sulfuric 
acid.  Boil  the  fatty  acids  until  clear  oil  is  formed,  collect  and 
settle  in  a  150-ml.  beaker,  and  filter  into  a  50-ml.  beaker.  Heat 
to  130°  C.  as  rapidly  as  possible  with  stirring,  and  transfer,  after 
cooling  somewhat,  to  the  usual  1X4  inch  (2.5  X  10  cm.)  titer 
tube.  The  method  of  taking  the  titer,  including  handling  the 
thermometer,  is  the  same  as  that  described  in  the  standard 
method. 
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Quantitative  Determination  of  Certain 
Polyalcohols  in  the  Presence  of  Each  Other 

NELSON  ALLEN,  HAROLD  Y.  CHARBONNIER1,  and  ROBERT  M.  COLEMAN 
Rayon  Department,  E.  I.  du  Pont  de  Nemours  &  Company,  Inc.,  Buffalo,  N.  Y. 


Methods  based  on  the  reaction  of  periodic 
acid  on  polyalcohols  have  been  developed 
for  the  determination  of  ethylene  glycol 
and  glycerol  in  the  presence  of  each  other. 

By  using  an  oxidation  with  acid  dichro¬ 
mate  in  conjunction  with  a  periodic  acid 
oxidation,  solutions  containing  three  poly¬ 
alcohols  may  be  analyzed. 

THE  work  of  Malaprade  ( 6 )  on  the  action  of  periodic  acid 
and  periodates  on  polyalcohols  has  opened  up  a  new  field 
in  the  analysis  of  a  number  of  organic  compounds.  Hudson 
(3-5)  and  co-workers  have  made  valuable  use  of  the  Mala¬ 
prade  reaction  in  their  studies  of  sugars,  Fleury  (1,  2)  and  as¬ 
sociates  have  applied  the  reaction  to  several  organic  com¬ 
pounds,  and  Nicolet  and  Shinn  (7)  have  shown  the  reaction 
to  be  applicable  to  alpha-amino  alcohols.  Price  and  Kroll  (8) 
have  given  a  thorough  discussion  of  the  kinetics  of  the  perio¬ 
date  oxidation  of  1,2-glycols. 

The  Malaprade  reaction  has  been  applied  by  the  authors  to 
the  quantitative  determination  of  certain  polyalcohols  in  the 

1  Present  address,  The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


A  qualitative  test  for  distinguishing  be¬ 
tween  glycerol  and  ethylene  glycol  is  given, 
and  a  method  for  investigating  unknown 
solutions  containing  polyalcohols  is  out¬ 
lined.  The  methods  give  good  results  on 
synthetic  solutions  of  known  composition 
and  have  been  in  practical  use  for  several 
years. 

presence  of  each  other,  particularly  glycerol  and  ethylene 
glycol.  The  reaction  has  also  been  used  to  distinguish  quali¬ 
tatively  between  solutions  of  ethylene  glycol  and  glycerol. 
By  using  an  acid  dichromate  oxidation  in  conjunction  with 
the  Malaprade  reaction,  a  solution  containing  three  glycols 
may  be  analyzed  for  each  of  the  three  components.  This 
procedure  is  useful  in  the  investigation  of  unknown  solutions 
suspected  of  containing  mixed  glycols. 

Glycerol  and  ethylene  glycol  may  be  determined  in  the  pres¬ 
ence  of  each  other  by  either  an  acidimetric-iodometrie  pro¬ 
cedure  or  a  single  acidimetric  titration  using  a  glass  electrode 
in  a  potentiometric  method. 

The  reactions  of  glycerol  and  ethylene  glycol  with  periodic 
acid  are  given  in  the  equations : 
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H 

HCHO 

HCOH 

+ 

HCOOH 

HCOH  +  2H6I06  — 

hAoh 

H 

Glycerol 

+ 

HCHO 

H 

HCOH 

HCHO 

+  HsIOs  — ► 

+ 

HCOH 

H 

HCHO 

+  HIOs  +  3H20 


Ethylene  Glycol 


Periodic  acid  may  be  considered  as  a  monobasic  acid  or  a 
dibasic  acid  according  to  the  pH  to  which  it  is  titrated.  This 
is  shown  in  curve  B  of  Figure  1,  which  gives  the  potentio- 
metric  titration  of  a  solution  of  periodic  acid.  It  is  seen  that 
the  first  hydrogen  is  neutralized  at  a  pH  of  about  5.5,  and  the 
second  hydrogen  at  a  pH  of  about  10.0.  The  inflection  in  pH 
at  the  second  equivalence  point  is  not  very  sharp. 

The  first  equivalence  point  comes  at  about  the  mid-point  of 
methyl  red  indicator  and  it  is  possible  to  use  this  indicator  for 
the  titration.  The  change  in  pH  at  the  second  equivalence 
point  is  not  sharp  enough  to  permit  the  use  of  an  indicator 
and  a  potentiometric  method  must  be  used.  If  we  consider 
the  reactions  given  above  and  regard  periodic  acid  as  a  mono¬ 
basic  acid,  with  glycerol  two  equivalents  of  acid  go  to  form 
three  equivalents  and  with  ethylene  glycol  one  equivalent 
goes  to  form  one  equivalent.  If  periodic  acid  is  considered 
as  a  dibasic  acid,  in  the  case  of  glycerol  four  equivalents  go  to 
form  three  equivalents,  and  in  the  case  of  ethylene  glycol  two 
equivalents  go  to  form  one  equivalent. 

It  is  possible,  therefore,  in  an  aqueous  solution  containing 
glycerol  and  ethylene  glycol,  to  determine  glycerol  acidimet- 
rically  using  methyl  red  as  an  indicator  and  to  determine 
ethylene  glycol  by  titrating  potentiometrically  to  a  pH  of 
about  10.0.  Alternatively,  and  more  accurately,  the  ethylene 
glycol  may  be  determined  by  an  iodometric  method. 


Reagents  and  Apparatus 

Standard  sodium  thiosulfate  solu¬ 
tion,  0.2  A.  Potassium  dichromate 
solution,  24  grams  per  liter.  Potassium 
iodide  solution,  20  per  cent  by  weight. 

Periodic  acid  solution,  approximately 
0.05  A,  as  a  monobasic  acid.  Dis¬ 
solve  11  grams  of  periodic  acid  (The 
G.  Frederick  Smith  Chemical  Com¬ 
pany,  Columbus,  Ohio)  in  distilled 
water,  dilute  with  distilled  water  to 
1000  ml.,  and  filter  through  a  sintered- 
glass  filter.  Store  the  solution  in  a 
dark-glass  bottle  and  keep  closed  with 
a  glass  stopper.  This  solution  de¬ 
creases  slowly  in  oxidizing  power  with 
time.  A  blank  on  the  solution  must 
be  run  each  day  that  analyses  are 
made. 

Standard  sodium  hydroxide  solution, 
0.1  A. 

Erlenmeyer  flasks,  capacity  1000  ml. 
Glass-stoppered  flasks  are  preferred, 
but  rubber  stoppers  may  be  used  if 
care  is  taken  that  no  solution  comes  in 
contact  with  the  rubber.  Erlenmeyer 
flasks,  with  ground-glass  joints,  capac¬ 
ity  500  ml. 

Glass  electrode  pH  meter.  Any 
suitable  apparatus  is  satisfactory. 

Procedure 

Acidimetric-Iodometric.  In  order 
to  ensure  the  necessary  excess  periodic 
acid,  the  sodium  thiosulfate  required  for  a  sample  should 
not  be  less  than  four  fifths  of  the  sodium  thiosulfate  required 
by  the  blank.  For  50  ml.  of  0.05  A  periodic  acid,  this  corre¬ 
sponds  to  about  0.09  gram  of  glycerol  and  0.125  gram  of  ethyl¬ 
ene  glycol.  Take  a  sample  of  a  size  that  will  not  contain  oxidiz- 
able  matter  in  excess  of  that  equivalent  to  0  09  gram  of  glycerol. 
Dilute  the  sample  to  50  ml.  in  a  1000-ml  Erlenmeyer  flask. 
Pi  pet  in  exactly  50  ml.  of  the  periodic  acid  solution  and  mix. 
Stopper  with  a  glass  or  rubber  stopper  and  allow  to  stand  for  40 
to  80  minutes  at  room  temperature.  , 

At  the  end  of  the  oxidation  period,  add  about  100  ml.  of  distilled 
water  and  mix.  Titrate  in  the  flask  with  0. 1  A  sodium  hydroxide. 
Run  in  about  20  ml.  of  the  sodium  hydroxide  and  then  add  ex¬ 
actly  2  drops  of  methyl  red  indicator  solution.  Do  not  add  more 
than  this  quantity  of  indicator.  Continue  the  titration  to  the 
disappearance  of  the  pink  color.  As  the  end  point  is  approached, 
the  sodium  hydroxide  solution  must  be  added  drop  by  drop  and 
the  color  of  the  solution  observed  carefully.  Make  all  buret 

r6TakeSthe  sohition  that  has  been  titrated,  and  add  150  ml.  of  dis¬ 
tilled  water,  30  ml.  of  20  per  cent  potassium  iodide  solution,  and 
25  ml.  of  6  A  sulfuric  acid.  Titrate  the  solution  with  0.2  A 
sodium  thiosulfate  to  a  fight  orange  color.  Add  2  ml.  of  fresh 
starch  indicator  solution  and  titrate  to  the  disappearance  of  the 
starch-iodine  color.  When  the  titration  is  completed,  the  solu¬ 
tion  is  colored  pink  owing  to  the  methyl  red  indicator  present. 
The  end  point  is  very  sharp,  and  care  must  be  taken  that  it  is  not 
overrun.  Make  all  buret  readings  to  0.01  ml.  . 

Run  a  blank  using  50  ml.  of  distilled  water  instead  of  the  sample 
and  do  both  the  acidimetric  and  iodometric  titrations. 


0.09206  gram  of  glycerol 


Calculation. 

1  ml.  of  A  sodium  hydroxide  = 

(acidimetric)  ,  ,,  ,  ,,  ...  ., 

Let  B  =  ml.  of  sodium  hydroxide  for  blank  on  the  periodic  acid 

solution 

A  =  ml.  of  sodium  hydroxide  for  sample 

(A  —  B)  X  acidimetric  glycerol  factor  X  normahty  X  100  _ 
weight  of  sample 

%  of  glycerol  =  G 

1  ml.  of  A  sodium  thiosulfate  =  0.023015  gram  of  glycerol 
(iodometric  by  periodic  acid).  Let  B'  =  ml.  of  sodium  thio¬ 
sulfate  for  blank,  A'  =  ml.  of  sodium  thiosulfate  for  sample 

,e  —  A ')  X  iodometric  glycerol  factor  X  normahty  X  100  _  j, 
weight  of  sample 

where  T  =  glycerol  and  ethylene  glycol  calculated  as  %  of 
glycerol 
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If  E  =  %  of  ethylene  glycol,  then  E  =  1.348  (T  —  G). 

Dichromate  Oxidation.  In  case  the  solution  contains  a 
third  glycol,  which  is  not  oxidized  by  periodic  acid,  it  may  be 
determined  by  a  separate  dichromate  oxidation.  Diethylene 
glycol  is  an  example  of  such  a  compound. 

Take  a  sample  one  half  the  size  of  that  taken  previously  and 
dilute  to  25  ml.  with  distilled  water  in  a  500-ml.  Erlenmeyer  flask 
with  an  interchangeable  ground-glass  connection.  Pipet  in  25 
ml.  of  potassium  dichromate  solution  containing  24  grams  of 
potassium  dichromate  per  liter  and  measure  in  40  ml.  of  concen¬ 
trated  sulfuric  acid.  Add  a  few  glass  beads,  connect  the  flask 
with  a  water-cooled  condenser,  and  boil  vigorously  on  a  hot  plate 
for  20  minutes.  Rinse  down  the  condenser  and  walls  of  the  flask, 
cool  to  room  temperature,  and  dilute  to  about  300  ml.  with  dis¬ 
tilled  water.  Add  10  ml.  of  20  per  cent  potassium  iodide  solution, 
mix,  and  titrate  with  0.2  N  sodium  thiosulfate  until  the  color  of 
the  solution  becomes  lighter.  Add  1  ml.  of  starch  indicator  solu¬ 
tion  and  continue  the  titration  to  the  end  point,  which  is  a  change 
from  a  dark  opaque  to  a  clear  green  color. 

Run  a  blank  using  25  ml.  of  distilled  water  instead  of  the 
sample. 

Calculation. 

1  ml.  of  N  sodium  thiosulfate  =  0.006576  gram  of  glycerol 
(dichromate  oxidation) 

Let  B  =  ml.  of  sodium  thiosulfate  for  blank,  A  =  ml.  of  sodium 
thiosulfate  for  sample 
Then 

(B  —  A)  X  dichromate  glycerol  factor  X  normality  X  100  _ 

weight  of  sample 

X  =  glycerol,  ethylene  glycol,  and  diethylene  glycol  calcu¬ 
lated  as  %  of  glycerol 

(X  —  T)  X  0.807  =  %  of  diethylene  glycol. 

Potentiometric.  Titrate  a  solution  of  50  ml.  of  the  periodic 
acid  solution  in  150  ml.  of  distilled  water  with  0.1  N  sodium 
hydroxide,  using  a  glass  electrode  pH  meter  to  follow  the  change 
in  pH.  Determine  the  first  equivalence  point  by  noting  the  maxi¬ 
mum  change  in  pH  with  addition  of  sodium  hydroxide.  This 
equivalence  point  will  be  found  to  occur  at  a  pH  of  about  5.5. 
Add  more  0.1  IV  sodium  hydroxide,  equal  to  the  volume  required 
to  reach  the  first  equivalence  point,  and  measure  the  pH  of  the 
solution.  This  will  be  about  10.0. 

Oxidize  a  solution  of  the  sample  with  periodic  acid  as  described 
above.  Dilute  with  100  ml.  of  distilled  water  and  titrate  with  0.1 
N  sodium  hydroxide  to  the  first  equivalence  point,  using  the  glass 
electrode  pH  meter  to  locate  the  point  as  in  the  blank.  Record 
the  volume  of  0.1  N  sodium  hydroxide  used,  A.  Continue  the 
titration  with  0.1  N  sodium  hydroxide  to  the  pH  found  for  the 
second  equivalence  point  of  the  blank.  Record  the  volume  of 
sodium  hydroxide  as  X. 

Calculation. 

1  ml.  of  N  sodium  hydroxide  =  0.09206  gram  of  glycerol  = 
0.06205  gram  of  ethylene  glycol 

Let  B  =  ml.  of  sodium  hydroxide  for  blank  at  first  equivalence 
point 

A  =  ml.  of  sodium  hydroxide  for  sample  at  first  point 
X  =  ml.  of  sodium  hydroxide  for  sample  at  second  point 

Then 

(A  —  B)  X  glycerol  factor  X  normality  X  100  _  m 
weight  of  sample 

(3 B  —  X  —  A)  X  ethylene  glycol  factor  X  normality  X  100 
weight  of  sample 

%  of  ethylene  glycol 


Analytical  Results 

The  results  obtained  by  analyzing  aliquots  of  synthetic 
solutions  containing  known  amounts  of  glycerol  and  ethylene 


Table  II.  Analysis  of  Solutions  Containing  Glycerol, 
Ethylene  Glycol,  and  Diethylene  Glycol 


Glycerol 


Pres¬ 

Er¬ 

ent 

Found 

ror 

Mg. 

Mg. 

% 

98.2 

93.6 

-4.68 

49.1 

47.7 

-2.85 

49.1 

48.7 

-0.81 

Ethylene 

Glycol 


Pres¬ 

Er¬ 

ent 

Found 

ror 

Mg. 

Mg. 

% 

52.4 

56.3 

+  7.44 

101.2 

103.1 

+  1.88 

53.1 

53.5 

+0.75 

Diethylene 

Glycol 


Pres¬ 

ent 

Found 

Er¬ 

ror 

Mg. 

Mg. 

% 

42.4 

41.2 

-2.83 

42.4 

40.7 

-4.01 

84.9 

81.2 

-4.36 

Table  III.  Analyses  for  Glycerol  and  Ethylene  Glycol 


(On  a  given  sample  by  six  different  laboratories  using  the  acidimetric-iodo- 
metric  procedure) 


Grand 

Maximum 

i 

2 

3 

4 

5 

6 

Av. 

Variation 

Glycerol, 

8.74 

8.78 

8.82 

9.13 

8.75 

8.61 

8.88 

0.67 

% 

8.92 

8.93 

8.95 

9.28 

8.75 

8.85 

8.82 

9.06 

8.81 

9.16 

8.76 

8.64 

8.92 

9.01 

8.85 

9.16 

8.74 

8.63 

Av. 

8.85 

8.95 

8.86 

9.18 

8.75 

8.68 

Ethylene 

4.90 

5.51 

5.08 

4.95 

5.41 

5 . 57 

5.29 

1.25 

glycol, 

4.72 

5.59 

5.46 

4.88 

5.77 

5.27 

% 

4.87 

5.26 

5.20 

5.02 

5.82 

5.97 

4.72 

5.33 

5.24 

5.09 

5.94 

5.27 

Av. 

4.80 

5.42 

5.25 

4.99 

5.74 

5.52 

glycol,  using  the  acidimetric-iodometric  procedure  and  the 
potentiometric  acidimetric  procedure,  are  given  in  Table  I. 
The  synthetic  solutions  were  prepared  from  separate  solutions 
which  were  standardized  by  oxidation  with  acid  dichromate. 

The  potentiometric  titrations  of  a  blank  and  of  three 
samples  containing  varying  percentages  of  glycerol  and  ethyl¬ 
ene  glycol  are  shown  by  the  curves  given  in  Figure  1.  It  is  to 
be  noted  that  there  is  a  slight  increase  in  the  pH  at  the  first 
equivalence  point  due  to  the  fact  that  periodic,  iodic,  and 
formic  acids  are  being  titrated.  With  increasing  amounts  of 
formic  acid,  the  pH  at  the  first  equivalence  point  is  increased 
slightly. 

The  results  obtained  by  analyzing  aliquots  of  solutions 
containing  glycerol,  ethylene  glycol,  and  diethylene  glycol, 
using  the  acidimetric-iodometric  procedure  on  one  aliquot  and 
the  acid  dichromate  oxidation  on  a  second  aliquot,  are  given 
in  Table  II. 

Table  III  gives  the  results  reported  by  six  different  labora¬ 
tories  using  the  acidimetric-iodometric  procedure  in  analyzing 
a  given  sample  of  material  for  glycerol  and  ethylene  glycol. 
The  material  was  extracted  with  water  and  aliquots  of  the 
extract  were  analyzed.  The  individual  results  are  given  for 
each  laboratory  to  show  the  variations  encountered  by  a 
given  analyst.  The  error  in  the  determination  of  ethylene 
glycol  is  always  higher  than  the  error  for  glycerol,  since  the 
ethylene  glycol  is  not  determined  directly. 

Qualitative  Test  to  Distinguish  between  Glycerol 
and  Ethylene  Glycol  Solutions 

Since  glycerol  reacts  with  periodic  acid  to  produce  formic 
acid,  whereas  ethylene  glycol  does  not,  a  simple  test  may  be 
devised  to  distinguish  between  the  two 
.  when  present  alone. 


Table  I.  Analysis  of  Glycerol-Ethylene  Glycol  Solutions 


Glycerol 

Present 

Glycerol 
Found, 
A. -I.® 

Error 

Glycerol 

Found, 

Pot.b 

Error 

Mg. 

Mg. 

% 

Mg. 

% 

48.8 

47.7 

-2.25 

53.2 

+  9.02 

48.3 

-1.02 

49.6 

+  1.64 

49  + 

49.7 

+  1.22 

49.6 

+  1.02 

97.5 

96.7 

-0.82 

101.0 

+  3.59 

97.3 

-0.21 

98 '2 

98 ’0 

-6 '20 

98.4 

+  0.20 

146.3 

143.7 

-1.78 

150.5 

+  2.87 

145.4 

-0.62 

145.0 

-0.89 

147.2 

146  7 

-0.34 

149.1 

+  1.29 

a  A. -I.  =  acidimetric-iodometric  procedure. 
b  Pot.  =  potentiometric  acidimetric  procedure. 


Glycol 

Present 

Glycol 

Found, 

A.-I.® 

Error 

Glycol 

Found, 

Pot.6 

Error 

Mg. 

Mg. 

% 

Mg. 

% 

153.0 

160.8 

+  5+0 

155.9 

+  1.90 

154.9 

+  1.24 

149.4 

149.0 

-  0.27 

153.9 

+  3.01 

102.0 

105.3 

+  3.24 

103.7 

+  1.67 

103.9 

+  1.86 

99.6 

102.3 

+  2.71 

106.1 

+  6.53 

51.0 

57.6 

+  12.94 

50 . 5 

-0  98 

54 . 7 

+  7.25 

53.9 

+  5.69 

49  8 

50.7 

+  1.81 

52.7 

+  5.82 

Take  about  2  ml.  of  the  solution  to  be 
tested,  add  a  drop  of  methyl  red  indicator 
solution,  and  cautiously  neutralize  with 
dilute  sodium  hydroxide  or  dilute  acid, 
leaving  the  solution  just  on  the  alkaline 
side  of  methyl  red.  Take  about  2  ml.  of 
a  solution  of  periodic  acid,  add  a  drop  of 
methyl  red,  and  adjust  to  the  neutral 
point  of  the  indicator,  leaving  the  solution 
just  on  the  alkaline  side.  An  adjusted 
solution  of  sodium  paraperiodate  or  potas¬ 
sium  metaperiodate  may  be  used.  Mix 
the  sample  with  the  periodate  solution  and 
observe.  If  glycerol  is  present,  the  solu¬ 
tion  will  turn  pink  immediately. 
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Determination  of  Glycerol  in  Presence  of  Other 
Organic  Compounds 

The  acidimetric  method  for  glycerol  has  been  found  very 
valuable  in  the  determination  of  glycerol  in  the  presence  of  a 
variety  of  organic  compounds.  It  is  only  necessary  that  the 
other  compounds  do  not  react  with  periodic  acid  or  if  they  do 
react,  that  no  acid  is  formed. 

Examination  of  Unknown  Solutions 

Solutions  known  to  contain  polyalcohols  may  be  examined 
by  oxidizing  with  periodic  acid  as  described  and  calculating 
the  results  of  the  acidimetric  and  iodometric  titrations  to 
per  cent  of  glycerol.  An  acid  dichromate  oxidation  may  also  be 
made  on  the  solution  and  the  result  calculated  to  per  cent  of 
glycerol.  If  all  three  values  check,  then  glycerol  is  the  only 
material  present.  If  the  values  are  different,  a  mixture  of 


polyalcohols  is  indicated  and  a  comparison  of  the  figures  ob¬ 
tained  will  permit  some  conclusions  to  be  drawn  as  to  the 
nature  of  the  alcohols. 
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Determination  of  Unsaturation  in  Aliphatic 
Hydrocarbon  Mixtures  by  Bromine  Absorption 

J.  B.  LEWIS  AND  R.  B.  BRADSTREET,  Standard  Oil  Development  Company,  Linden,  N.  J. 


A  modified  and  time-saving  bromide- 
bromate  titration  for  the  determination  of 
unsaturates  is  described. 

Some  sulfur  compounds  that  affect  the 
bromine  number  have  been  investigated 
and  catalysts  have  been  found  which  mini¬ 
mize  the  harmful  effect  of  these  sulfur  com¬ 
pounds  on  the  bromine  number. 

DURING  1929  Buc  (1)  and  his  co-workers  of  these  labora¬ 
tories  investigated  the  available  methods  for  the  deter¬ 
mination  of  the  unsaturated  content  of  petroleum  fractions. 
In  order  to  establish  a  reference  method,  they  devised  a 
catalytic  hydrogenation  process  by  which  they  were  able  to 
evaluate  the  methods  being  studied.  The  method  of  Francis 
(2)  was  selected  as  partially  meeting  the  requirements  of 
these  workers,  inasmuch  as  it  proved  excellent  for  the  deter¬ 
mination  of  straight-chain  olefins,  diisobutylene,  and  other 
branched-chain  olefins  of  low  molecular  weight.  They  found, 
however,  that  a  modification  of  the  method  was  necessary  on 
account  of  high  results  obtained,  if  applied  to  the  determina¬ 
tion  of  highly  branched-chain  unsaturates  and  to  polymers. 

Compounds  That  Affect  Results 

Buc  and  co-workers  observed  that  with  polymer  mixtures 
the  method  gave  results  inordinately  high  for  any  purpose. 
They,  therefore,  modified  the  Francis  method  in  the  following 
manner : 

Introduce  into  a  g.  s.  flask  from  5  to  10  grams  of  solid  potassium 
bromide,  and  add  the  required  volume  of  0.5  N  potassium 
bromide-bromate  as  determined  by  a  trial  titration,  and  20  ml. 
of  10  per  cent  (by  volume)  sulfuric  acid  saturated  with  potas¬ 
sium  bromide.  Allow  3  minutes  for  liberation  of  bromine,  and 
then  cool  the  flask  and  contents  in  an  ice-salt  mixture  for  10 
minutes.  Next  add  the  previously  cooled  sample  diluted  with 
chloroform  and  shake  vigorously  for  exactly  2  minutes.  Finally 
add  saturated  potassium  iodide  solution  and  titrate  with  stand¬ 
ard  sodium  thiosulfate. 


The  Francis  and  Buc  methods  were  compared  with  poly¬ 
butenes  having  an  average  molecular  weight  of  253. 


Bromine  No. 

%  of  Theory 

Theoretical  determination  _ 

(from  molecular  weight) 

67.4 

1UU 

Francis  method  . 

1  ml.  excess  KBr-KBrCU 

99.0 

14/ 

2  ml.  excess  KBr-KBrCh 

112.7 

167 

Buc  modification 

1  ml.  excess  KBr-KBrO.i 

57 . 0 

85 

2  ml.  excess  KBr-KBr03 

65  5 

97 

The  Buc  modification  evidently  gives  values  which  more 
nearly  agree  with  the  theoretical  value. 

Mulliken  and  Wakeman  (-3)  conducted  research  on  the 
limits  of  applicability  of  the  Francis  bromide-bromate  titra¬ 
tion  and  modified  it  so  that  it  could  be  used  with  a  fair  de¬ 
gree  of  accuracy  for  the  titration  of  most  alkenes.  They  also 
found  that  it  could  be  used  to  determine  the  number  of  double 
bonds  present  in  cycloalkenes  and  in  alkadienes,  although 
less  accurately  for  their  quantitative  estimation.  These 
workers  found  the  method  of  doubtful  value  when  applied 
under  ordinary  conditions,  in  the  presence  of  atmospheric 
oxygen,  to  alkines  and  to  cycloalkadienes.  Thomas,  Block, 
and  Hoekstra  (4)  again  modified  the  method  of  Francis  and 
of  Mulliken  and  Wakeman  and  confirmed  some  of  the  latter- 
named  authors’  work.  A  conspicuous  feature  of  the  modi¬ 
fication  by  Thomas  et  al.  is  the  precaution  of  cooling  in  many 
steps  of  their  procedure,  which  is  a  carefully  regulated  slow 
titration.  They  warn  that  the  presence  of  diolefins  in  some 
cracked  gasoline  will  cause  an  error  by  the  bromide-bromate 
titration,  although  this  is  not  large. 

The  authors  found  that  a  control  chemist  could  determine 
the  bromine  number  of  nearly  twice  as  many  samples  of 
gasoline  per  day  if  the  trial  titration  were  eliminated.  Con¬ 
sequently,  they  modified  the  Buc  bromide-bromate  method 
to  the  following  extent : 

Introduce  into  a  g.  s.  flask  20  ml.  of  10  per  cent  (by  volume) 
sulfuric  acid  saturated  with  potassium  bromide  and  15  ml.  ot 
w-heptane  or  other  suitable  solvent.  Next  add  from  0.7  to  1.0 
gram  of  the  sample  from  a  Lunge  weighing  pipet  and  stopper 
the  flask  immediately.  Titrate  directly  with  0.5  N  potassium 
bromide-bromate  to  a  faint  yellow  color,  swirling  the  flask  during 
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the  titration,  add  1  ml.  of  the  potassium  bromide-bromate  solu¬ 
tion  in  excess,  and  shake  for  2  minutes.  Finally  add  5  ml.  of 
saturated  solution  of  potassium  iodide  and  titrate  the  liberated 
iodine  with  0.1  JV  sodium  thiosulfate,  using  potato  starch  as  an 
indicator. 

KBr03  +  5KBr  +  3H2S04 - >  3K2S04  +  3H20  +  3Br2 

RCH  =  CHR'  +  Br2  — >  RCHBr.CHR'Br 
2Na2S203  +  L  — >  2NaI  +  Na2S406 

0.0799  X  normality  of  KBrQ3  X  net  ml,  of  KBrQ3  X  100 
weight  of  sample 

bromine  number 

This  method,  which  has  superseded  the  above-mentioned 
bromination  methods  in  these  laboratories,  retains  the  limita¬ 
tions  of  the  Buc  modification.  It  differs,  however,  from  all 
these  methods  in  that  a  trial  titration  is  unnecessary.  The 
excess  of  potassium  bromide-bromate,  as  shown  in  Figure  1, 
must  be  kept  to  a  definite  minimum. 

It  has  not  been  found  necessary  to  use  a  cooling  medium 
with  the  authors’  method  for  determining  the  bromine  num¬ 
ber  of  any  of  the  compounds  incorporated  in  the  data  of  this 
paper. 

Table  I  shows  results  on  several  pure  compounds,  synthetic 
blends  made  from  mixtures  of  A.  S.  T.  M.  naphtha,  n- 
heptane,  diisobutylene,  and  heptene-1,  and  also  on  a  number 
of  saturated  compounds.  This  table  shows  that  the  bromine 
numbers  of  the  pure  compounds  determined  at  0°  C.  and  at 
room  temperature  are  in  close  agreement  with  the  theoretical 
calculations. 

The  values  obtained  on  tri-  and  tetraisobutylene  show  ir¬ 
regularities  that  have  been  confirmed  by  some  of  the  afore¬ 
mentioned  workers.  The  bromine  numbers  of  synthetic 
blends  shown  in  Table  I  give  further  proof  that  prior  cooling 
is  unnecessary.  The  saturated  compounds  were  run  to  show 
that  they  do  not  substitute  during  the  determination. 


Effect  of  Sulfur  Compounds  on  Bromine  Number 

Qualitative  experiments  showed  that  certain  sulfur  com¬ 
pounds  lowered  the  bromine  number  of  unsaturates.  The  re¬ 
action  of  bromine  with  short-chain  unsaturates  is  normally 
rapid,  but  the  addition  of  varying  amounts  of  sulfur  com¬ 
pounds  retards  the  reaction  to  such  an  extent  that  an  ap¬ 
parent  excess  of  halogen  appears  long  before  the  calculated 
amount  of  potassium  bromide-bromate  necessary  for  com¬ 
plete  bromination  has  been  added.  The  reaction  proceeds 
rapidly  until  the  sulfur  compounds  are  apparently  oxidized. 
Subsequent  additions  of  bromine,  however,  react  very  slowly, 
requiring  vigorous  shaking  of  the  flask  for  20  to  25  seconds 
after  each  addition.  This  is  an  indefinite  and  lengthy  pro¬ 
cedure.  In  order  to  obtain  data  that  will  have  any  signifi¬ 
cance,  the  titration  must  be  stopped  at  some  exact  point. 
This  is  taken  to  be  the  first  definite  excess  of  bromine  that 
does  not  disappear  after  a  few  (5)  seconds’  shaking.  Experi¬ 
mental  work,  therefore,  was  carried  out  on  this  basis. 

Solutions  of  diphenyl  disulfide,  isoamyl  disulfide,  benzyl 
mercaptan,  and  amyl  and  isoamyl  mercaptan  in  diisobutylene 
were  prepared  in  low  concentrations  in  order  to  represent  the 
varying  amounts  of  sulfur  compounds  frequently  found  in 
gasoline.  Diisobutylene  was  selected  because  it  was  avail¬ 
able  in  large  quantities  and  obtainable  in  a  high  state  of  purity. 

At  concentrations  ranging  from  0.02  to  2.0  per  cent  of  the 
sulfur  compound,  diphenyl  disulfide,  isoamyl  disulfide,  benzyl 
mercaptan,  and  amyl  mercaptan  had  no  effect  on  the  bromine 
number.  Between  2.0  and  3.0  per  cent  of  amyl  mercaptan 
lowered  the  bromine  number  to  a  slight  extent  (about  10.0 
per  cent).  Isoamyl  mercaptan,  however,  lowered  the  ap¬ 
parent  unsaturation  to  about  60  per  cent  of  its  proper  value. 

Table  II  shows  that  the  first  lowering  of  the  bromine  num¬ 
ber  takes  place  at  a  concentration  of  0.2  per  cent.  The  fail¬ 
ure  of  diphenyl  disulfide,  isoamyl  disulfide,  and  benzyl 
mercaptan  to  lower  the  bromine  number  of  diisobutylene 
may  have  been  due  to  their  low  concentrations.  Since  amyl 
mercaptan  showed  only  a  slight  effect  at  a  concentration 
between  2.0  and  3.0  per  cent,  mixtures  containing  10  to 
100  per  cent  of  benzyl  mercaptan,  amyl  mercaptan,  and  iso¬ 
amyl  disulfide  in  diisobutylene  were  prepared  and  the  bro¬ 
mine  numbers  determined.  The  values  in  Table  III  show  that 
at  these  higher  concentrations,  benzyl  mercaptan,  amyl 


Table  I.  Determination  of  Bromine  Number 


Sample 

At  0°  C. 

At  Room 
Temperature 

Calculated 

Values 

Diisobutylene 

142.9 

142.5 

142.4 

Heptene-l 

162.6 

162.8 

163.0 

Trimethylethylene 

225.2 

223.0 

228.5 

Triisobutylene 

108.0 

95.0 

105.0 

95.0 

91.0 

95.0 

67.0 

95.0 

T  etraisobutylene 

47.0 

71.0 

51.0 

71.0 

Synthetic  Mixtures 

1 

82.0 

80.0 

2 

83.0 

82.0 

3 

83.0 

82.0 

4 

79.0 

76.0 

A.  S.  T.  M.  naphtha 

4.0 

n-Hexane 

0 

6 

n-Heptane 

0 

0 

Isooctane 

0 

0 

Methylcyclohexane 

0 

0 

Tertiary  butyl  chloride 

0 

0 

n-Amyl  chloride 

0 

0 

Table  II.  Effect  of  Isoamyl  Mercaptan  on  Bromine 
Number  of  Diisobutylene 


Bromine  No.  at  Bromine  No.  at 

Weight  %  Room  Temperature  Weight  %  Room  Temperature 


2 

86.2 

0.4 

104.8 

1.6 

103.4 

0.2 

139.7 

1.2 

81.1 

0.1 

144.0 

0.8 

89.4 

0.02 

144.0 
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Table  III.  Effect  of  Sulfur  Compound  Dilutions  in  Diisobutylene 
(Bromine  number  of  diisobutylene,  143) 


Concentration, 

Volume  % 

Sulfur 

com-  Diiso¬ 
pound  butylene  Weight  % 

90  12.47 


Isoamyl  Disulfide® 

Bromine  No. 
Room 

temp.  Calcd. 


Benzyl  Mercaptan® 

Bromine  No. 


Amyl  Mercaptan® 

Bromine  No. 


10 

20 

40 

80 

100 


80 

60 

20 

0 


24.28 

46.09 

83.69 

100.00 


2.7 
2.6 
6.2 

5.7 
12.0 


126.6 

111.2 

82.6 

33.3 


Weight  % 

Room 

temp. 

Calcd. 

Weight  % 

Room 

temp. 

Calcd. 

14.11 

6.7 

132.3 

11.74 

11.0 

131.9 

26.98 

15.3 

122.5 

23.04 

12.9 

124.2 

49.64 

24.6 

105.4 

44.39 

29.6 

109.4 

85.53 

56.5 

78.1 

82.73 

50.1 

83.1 

100.00 

67.1 

100.00 

71.2 

®  Eastman  Kodak  Co.,  Rochester,  N.  Y. 


Table  IV.  Effect  of  Catalysts 

(On  10%  by  volume  solutions  of  benzyl  mercaptan  in  diisobutylene.  14.11% 
by  weight  benzyl  mercaptan.  Bromine  number  of  diisobutylene,  143) 

Bromine  No. 

Catalyst 


Bromine  number  of  diiso¬ 
butylene  =  143 

Bromine  number  of  benzyl 
mercaptan  =  67.1 

10%  by  volume  benzyl  mer¬ 
captan  is  equivalent  to  14.11% 
by  weight 

Then  67.1  X  14.11%  =  9.46 

143  X  85.89%  =  122.84 
Calculated  value  =  132.30 


The  apparent  bromine 
numbers. of  the  other  mixtures 


No  catalyst 
Ammonium  molybdate 
Sodium  tungstate 
Copper  sulfate 
Cobalt  chloride 
Sodium  arsenate 
Ferric  chloride 
Silver  nitrate 
Silver  bromide  (solid) 

Uranium  acetate  (saturated  solu¬ 
tion) 

Mercuric  chloride 
Platinic  chloride  (end  point  un¬ 
certain) 

Zinc  sulfate 


at  Room  Temperature 

6.7 

86.5 

106.4 

110.3 
53.2 

101.1 

119.7 

121.0 

129.0 

129.0 

130.2 

122.4 
129.0 


mercaptan,  and  isoamyl  disulfide  prevent  bromination  of 
diisobutylene  and  that  the  bromine  numbers  found  are  ap¬ 
parently  due  to  the  sulfur  compounds  themselves. 

Further  investigation  was  made  on  a  synthetic  gasoline 
(Bromine  No.  79.8)  containing  saturates,  unsaturates,  and 
aromatics  to  which  20  per  cent  benzyl  mercaptan  by  volume 
(27.4  per  cent  by  weight)  had  been  added.  The  bromine 
number  dropped  from  89.4  (calculated)  to  41.1. 

A  sample  of  current  gasoline  (Bromine  No.  23.4)  mixed 
with  10  per  cent  benzyl  mercaptan  by  volume  (14.06  per  cent 
by  weight)  showed  a  change  in  the  bromine  number  from  the 
calculated  value  of  29.7  to  15.5.  With  20  per  cent  mercaptan 
by  volume  (28.1  per  cent  by  weight)  the  same  gasoline  was 
lowered  from  a  calculated  value  of  35.4  to  26.5. 

A  possible  explanation  for  the  change  in  the  bromine  num¬ 
ber  of  diisobutylene  may  be  taken  from  the  data,  which 
show  that  isoamyl  disulfide  definitely  affects  this  value.  Mer- 
captans,  also,  influence  the  determination  and  it  may  be  as¬ 
sumed  that  since  they  are  easily  oxidized  to  disulfides,  the 
change  is  due  to  the  presence  of  these  latter  compounds. 
Furthermore,  no  method  depending  upon  bromine  addition  is 
reliable  when  the  afore-mentioned  types  of  sulfur 
compounds  are  present  in  appreciable  amounts.  ■  ■■= 

Since  this  paper  represents  preliminary  work, 
no  attempt  has  been  made  to  determine  the 
actual  concentration  at  which  each  compound 
noticeably  affects  the  bromine  number. 


were  calculated  in  the  same  manner. 

From  Table  IV  it  can  be  seen  that  silver  bromide,  uranium 
acetate,  mercuric  chloride,  and  zinc  sulfate  are  the  most  ef¬ 
ficient  catalysts. 

Inasmuch  as  results  approaching  the  calculated  value  were 
obtained  on  a  10  per  cent  dilution  of  benzyl  mercaptan  with 
the  aid  of  catalysts,  it  was  decided  to  continue  work  on  this 
compound  along  with  isoamyl  disulfide  and  amyl  mercaptan 
in  concentrations  ranging  from  10  to  100  per  cent. 

Bromine  numbers  were  determined  on  five  series  of  mix¬ 
tures  of  amyl  mercaptan,  benzyl  mercaptan,  and  isoamyl 
disulfide  in  diisobutylene,  using  (1)  no  catalyst,  (2)  uranium 
acetate,  (3)  mercuric  chloride,  (4)  zinc  sulfate,  and  (5)  silver 
bromide.  These  values  are  shown  in  Table  V.  The  data  in 
this  table  show  that  the  calculated  bromine  numbers  of  mix¬ 
tures  of  benzyl  mercaptan-diisobutylene,  isoamyl  disulfide- 
diisobutylene,  and  amyl  mercaptan-diisobutylene  can  be 
nearly  attained  by  the  use  of  the  salts  of  silver,  uranium, 
mercury,  and  zinc  as  catalysts. 

It  is  possible  that  these  catalysts  will  be  helpful  in  over¬ 
coming  the  inhibitive  tendencies  of  similarly  acting  compounds 
which  might  be  found  in  untreated  gasoline.  Pure  aromatic 
hydrocarbons  had  no  effect  on  the  bromine  number  of  diiso¬ 
butylene,  either  with  or  without  catalysts. 

Conclusions 

The  modified  procedure  eliminates  a  trial  titration  and  the 
necessity  for  cooling  the  sample  prior  to  titration. 

The  method  as  described  is  applicable  to  straight-chain  ole¬ 
fins,  diisobutylene,  and  other  branched-chain  olefins  of  low 
molecular  weight.  With  highly  branched  polymers,  the 
method  gives  erratic  results. 

Certain  sulfur  compounds  definitely  affect  the  bromine 
number.  At  low  concentrations  isoamyl  mercaptan  and  at 
higher  concentrations  benzyl  mercaptan,  amyl  mercaptan, 


Table  V.  Effect 


of  Catalysts  on 
Diisobutylene 


Bromine  Number  of 


Sulfur  Compound 
Concentration 
Volume  Weight 

%  % 


-Bromine  Number  at  Room  Temperature 


Effect  of  Inorganic  Catalysts 

The  obvious  need  of  an  agent  to  counteract 
the  inhibitive  effect  of  certain  sulfur  compounds 
led  to  a  search  for  a  suitable  catalyst.  The  de¬ 
termination  of  the  bromine  number  of  a  10  per 
cent  benzyl  mercaptan  solution  in  diisobutylene 
was,  therefore,  repeated  using  a  number  of 
catalysts  as  shown  in  Table  IV.  One  milliliter 
of  a  10  per  cent  aqueous  solution  of  the  catalyst 
was  used  with  the  exception  of  silver  bromide, 
in  which  case  0.1  gram  of  the  solid  salt  was  em¬ 
ployed. 

The  calculated  bromine  number  of  the  benzyl 
mercaptan-diisobutylene  mixture  is: 


No 

Uranium 

Mercuric 

Zinc 

Silver 

Calcd. 

catalyst 

acetate 

chloride 

sulfate 

bromide 

6.7 

128.8 

130.1 

124.8 

128.8 

132.3 

15.3 

112.0 

115.8 

115.8 

114.5 

122.5 

24.6 

101.6 

100.5 

101.6 

99.4 

105.4 

56.5 

88.8 

88.8 

78.1 

67.1 

... 

68.1 

68.1 

2.7 

111.1 

113.8 

123.3 

123.3 

126.6 

2.6 

108.2 

106.9 

106.9 

109.5 

111.2 

6.2 

70.0 

70.0 

76.2 

82.5 

82.6 

5.7 

30.7 

20.4 

13.6 

13.6 

33.3 

12.0 

15.3 

11.0 

132.8 

132.8 

131.9 

12.9 

124.7 

123.5 

124.2 

29.6 

104.5 

104.5 

109.4 

50.1 

75.9 

68.7 

83.1 

71.2 

71.2 

71.2 

Benzyl  Mercaptan 
10  14.11 

20  26.98 

40  49 . 64 

80  85.53 

100  100.00 

Isoamyl  Disulfide 

10  12.47 

20  24.28 

40  46.09 

80  83 . 69 

100  100 . 00 

Amyl  Mercaptan® 

10  11.74 

20  23.04 

40  44 . 39 

80  82 . 73 

100  100.00 

®  Bromine  number  of  diisobutylene  (new  lot),  140.0. 
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and  isoamyl  disulfide  lower  the  bromine  number  of  diiso¬ 
butylene. 

Silver,  mercury,  zinc,  and  uranium  salts  are  efficient 
catalysts  for  overcoming  the  deleterious  effect  of  these  sulfur 
compounds. 

Bromide-bromate  methods  for  unsaturation  are  unreliable 
when  certain  types  of  sulfur  compounds  are  present. 
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Determination  of  Moisture  in  Native  and 

Processed  Cellulose 

Titrimetric  Determination  Using  Karl  Fischer  Reagent 

JOHN  MITCHELL,  Jr. 

Ammonia  Department,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Del. 


Moisture  in  various  forms  of  cellulose  is 
determined  by  cold  extraction  with  meth¬ 
anol  followed  by  direct  titration  for  water 
with  Karl  Fischer  reagent.  The  method  is 
simple  and  precise.  Recovery  is  more 
nearly  complete  than  by  the  oven-drying 
techniques. 

THE  present  standard  procedures  for 'the  determination 
of  moisture  in  such  cellulose  products  as  wood,  paper, 
cotton,  and  regenerated  cellulose  are  usually  based  on  weight 
loss  at  carefully  controlled  temperatures.  As  quantitative 
methods,  however,  these  analyses  are  limited  to  materials 
containing  no  other  volatile  substances.  The  tentative 
A.  S.  T.  M.  procedure  for  moisture  in  untreated  paper,  for 
example,  specifies  heating  to  constant  weight  at  100°  to 
105°  C.  a  6.5-sq.  cm.  sample  of  the  paper  ( 1 ).  Several  modi¬ 
fications  of  heating  technique  have  been  published  recently. 
Gohde  (4)  described  an  electrically  heated  rotary  dryer  com¬ 
plete  with  built-in  analytical  balance  and  automatic  tempera¬ 
ture  control.  Evans  and  co-workers  {2)  outlined  a  micro¬ 
procedure  involving  water  evolution  followed  by  absorption 
in  Dehydrite.  None  of  these  procedures  can  be  considered 
general,  however,  because  volatile  materials  other  than  water 
either  render  the  methods  inaccurate  or  necessitate  empirical 
corrections. 

In  the  present  paper,  a  simple  and  efficient  cold  extraction 
technique  is  used  in  conjunction  with  a  specific  titrimetric 
method  for  water  involving  the  use  of  Karl  Fischer  reagent 
(S).  The  reagent  consists  of  a  mixture  of  iodine,  pyridine, 
and  sulfur  dioxide  in  methanol  solution,  and  recent  work  in 
this  laboratory  ( 6 )  has  shown  that  the  following  reactions  are 
involved : 


I2  +  S02  +  3<^  ^>N  +  HoO 


(1) 


and 


+  CH3OH  - > 


<Z>N< 


H 

SO4CH3 


(2) 


Reagents 

Complete  instructions  for  the  preparation  and  standardiza¬ 
tion  of  Karl  Fischer  reagent  have  been  published  ( 6 ) .  [There 
are  a  few  substances  which  interfere  with  the  titration  for 
water  with  Karl  Fischer  reagent.  Reactive  aldehydes  and 
ketones  react  with  the  methanol  to  form  acetals  or  ketals 
and  formic  acid  is  dehydrated  (6).  Boric  acid  is  esterified 
quantitatively  (5).]  Dry  methanol  (<0.1  per  cent  water) 
was  obtained  from  fresh  drums  of  du  Pont  synthetic  methanol. 

Experimental  Procedure 

For  Regenerated  Cellulose  and  Paper.  Four  or  five 
pieces,  each  cut  approximately  2.5  cm.  (1  inch)  square,  are 
weighed  into  a  500-ml.  glass-stoppered  iodine  flask  containing  100 
ml.  of  dry  methanol.  Since  0.5  mg.  is  the  minimum  amount  of 
water  readily  detected  by  Karl  Fischer  reagent,  the  total  sample 
should  contain  from  50  to  250  mg.  of  water.  After  standing  1 
hour  (shaking  unnecessary)  the  mixture  is  titrated  directly  with 
Karl  Fischer  reagent  to  a  permanent  end  point.  After  correction 
for  water  in  the  methanol,  obtained  by  titration  of  100  ml.,  the 
net  water  found  represents  the  total  available  water  in  the  sample. 

For  Wood.  A  single  sample,  cut  2.5  X  1.9  X  0.3  cm.  (1  X 
0.75  X  0.125  inch)  is  weighed  into  100  ml.  of  dry  methanol  as 
above.  After  2  hours  at  room  temperature  the  methanol  is 
decanted  into  another  500-ml.  glass-stoppered  iodine  flask  and  the 
wood  washed  with  two  10-ml.  portions  of  methanol.  An  addi¬ 
tional  100  ml.  of  methanol  is  poured  over  the  wood.  This  mixture 
is  allowed  to  stand  18  hours.  The  net  water  found  in  the  two  suc¬ 
cessive  methanol  extracts  is  equivlaent  to  the  total  water  re¬ 
moved  from  the  sample.  It  is  desirable  to  titrate  the  first  extract 
immediately  after  decantation.  The  second  extract  need  not  be 
decanted,  as  the  wood  is  inert  toward  the  reagent. 

The  most  outstanding  feature  of  these  analytical  proce¬ 
dures  is  the  extraction  step  in  which  the  low  viscosity  and 
favorable  solvent  properties  of  methanol  combine  to  effect 
an  equilibrium  distribution  of  moisture  between  solvent  and 
sample  in  a  relatively  short  time.  Methanol,  also,  is  probably 
the  best  solvent  for  use  with  Fischer  reagent.  (Dioxane,  for 
example,  was  tried  and  found  to  be  slow  and  incomplete  in 
its  extraction  properties.)  Moisture  in  natural  wood  sec¬ 
tions,  wood  pulp,  paper,  cotton  linters,  and  regenerated  cellu¬ 
lose  is  separated  in  from  one  to  two  extractions  and  may  then 
be  determined  by  titration  with  the  above  reagent.  Re¬ 
generated  cellulose,  cotton  linters,  and  paper  require  a  single 
extraction.  Average  results  from  quadruplicate  analyses  of 
several  samples  are  recorded  in  Table  I  together  with  com¬ 
parative  weight  loss  figures.  Zimmerman  (<§)  also  reports 
having  used  Karl  Fischer  reagent  for  the  determination  of 
water  in  cotton,  but  his  exact  technique  is  not  stated. 

The  approximate  moisture  content  of  cellulose  was  ob¬ 
tained  from  the  oven-drying  weight  loss  figures.  Complete 
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Figure  1.  Removal  of  Initial  Moisture  on  First 
Extraction  with  Methanol 

water  removal  by  the  new  procedure  was  accomplished  by 
repeated  extraction  of  individual  samples  guided  by  titration 
of  the  extracts.  Rayon-type  hardwood  pulp  and  95  per  cent 
a-cellulose  showed  no  moisture  in  the  second  extract. 

Table  I.  Determination  of  Moisture  in  Cellulose 

Substance 

a-Cellulose,  98% 
a-Cellulose,  95% 

Cardboard 
Cotton  linters 
Newspaper 

Wood  pulp,  cellophane 
quality 

Wood  pulp,  rayon  type 

Native  woods  require  two  extractions  with  methanol.  Re¬ 
sults  obtained  on  3-mm.  (0.125-inch)  thicknesses  of  kiln- 
dried  cyprdss,  air-dried  Douglas  fir,  and  partly-dried  oak 
are  summarized  in  Table  II.  The  method  may  be  used  for 
either  cross-cut  or  flat-grain  wood. 

Table  II.  Determination  of  Moisture  in  Native  Wood 


Water, 

Loss  (102°  C.) 

% 

% 

5.84  ±  0.07 

5.80 

4.39  ±0.06 

4.40 

4.73  ±0.08 

4.67 

6.09  ±  0.04 

5.96 

5.18  ±0.06 

5.17 

4.20  ±0.08 

4.18 

4.47  ±0.06 

4.44 

Weight  %  of  Water  by  Extraction 

Loss 

Wood 

1st  ext. 

2nd  ext. 

3rd  ext. 

Total 

(102°  C.) 

% 

Cypress" 

7.68 

0.28 

0.00 

7.96 

7.69 

7.63 

0.31 

0.00 

7.94 

7.68 

Cypress6 

6.83 

0.32 

0.00 

7.15 

6.55 

7.09 

0.33 

0.00 

7.42 

6.98 

Douglas  fir6 

25.22 

0.55 

0.00 

25.77 

24.49 

24.60 

0.70 

0.00 

25.30 

24.01 

25.05 

0.52 

0.00 

25.57 

24.98 

21.64 

0.48 

0.00 

22.12 

22.38 

21.66 

0.45 

0.00 

22.11 

21.98 

22.07 

0.52 

0.00 

22.59 

Oak" 

39.00 

0.72 

0.00 

39.72 

39.88 

39.60 

0.66 

0.00 

40.26 

40.69 

Oak6 

40.64 

0.82 

0.00 

41.46 

41.41 

39.17 

0.75 

0  00 

39.92 

40.86 

“  Cut  perpendicular  to  grain  (cross  cut) 
6  Cut  parallel  to  grain  (flat  grain). 

Moisture 

recovery 

from  the 

cell  walls 

of  the 

wood  is 

evidently  more  nearly  complete  by  the  extraction  procedure 
than  by  the  oven-drying  method :  Duplicate  samples  of  each 
cut  of  wood  were  dried  to  constant  weight  at  104°  C.  and  then 
subjected  to  methanol  extraction;  based  on  the  total  water 
present,  an  increase  in  recovery  of  4  per  cent  relative  was 
found  in  cypress  (flat  grain),  5  per  cent  in  cypress  (cross  cut), 
2  per  cent  in  Douglas  fir  (cross  cut),  and  1  per  cent  in  oak 
(both  cuts).  It  appears  that  regardless  of  the  amount  of 
water  initially  present  the  absolute  amount  remaining  in  the 
wood  after  drying  is  surprisingly  constant,  even  though  the 


type  or  previous  treatment  of  the  wood  is 
different  (0.3  to  0.4  per  cent  for  cypress;  0.4  to 
0.5,  Douglas  fir;  and  0.3,  oak). 

Discussion 

Extraction  of  moisture  from  wood  involves  the 
removal  of  surface  or  loosely  held  water  and  that 
in  the  inner  cell  walls  (7).  The  lower  water 
recoveries  by  oven-drying  (Table  II)  are  in 
harmony  with  this  assumption.  The  following 
experiments  probably  support  this  mechanism 
also.  Initial  experiments  were  conducted  on  air- 
dried  Douglas  fir.  Individual  samples,  approxi¬ 
mately  2.5  X  1-9  X  0.6  cm.  (1  X  0.75  X  0.25 
inch),  were  cut  parallel  to  the  grain  and  covered 
with  dry  methanol.  Some  were  allowed  to  stand 
at  room  temperature  (27°  =*=  3°  C.);  others 
were  refluxed.  After  definite  time  intervals  the 
methanol  was  decanted  and  the  wood  washed 
with  small  portions  of  methanol.  This  proce¬ 
dure  was  repeated  until  extracts  gave  negative 
tests  for  water. 

Approximately  97.5  per  cent  of  the  total  water  was  obtained 
in  the  first  extraction  for  periods  ranging  from  6  to  80  hours 
at  room  temperature  and  2  to  4  hours’  refluxing.  An  addi¬ 
tional  2  per  cent  was  obtained  from  a  second  extraction  re¬ 
quiring  a  minimum  of  16  hours  at  room  temperature,  while 
the  remaining  0.5  per  cent  required  a  third  treatment  of  16 
hours.  The  longer  time  required  for  the  second  and  third 
extractions  may  be  evidence  of  more  strongly  held  water. 

In  order  to  decrease  the  over-all  time,  samples  of  kiln- 
dried  cypress,  air-dried  Douglas  fir,  and  partly-dried  oak,  half 
as  thick  (3  mm.,  0.125  inch),  cut  perpendicular  to  the  grain, 
were  extracted  at  room  temperature  by  the  above  procedure. 
In  every  case  the  third  extraction  showed  no  increase  in 
water  over  that  originally  present  in  the  methanol. 

The  per  cent  of  water  removed  in  the  first  extraction  was 
calculated  from  the  total  of  the  several  extractions  of  a  given 
sample.  In  Figure  1  moisture  removed  in  the  first  extraction 
of  the  three  types  of  wood  is  plotted  against  reciprocal  time, 
as  the  latter  scale  is  advantageous  in  showing  comparative 
water  removal  in  the  shorter  periods  of  time.  In  1  hour  about 
96  per  cent  of  the  total  moisture  is  recovered,  while  in  3  hours 
the  maximum  of  98.5  per  cent  is  attained.  While  these  figures 
are  approximately  correct  for  a  considerable  range  of  initial 
moistures,  there  is  some  dependence  on  initial  water  content. 
This  conclusion  is  brought  out  in  Figure  1,  and  is  supported 
by  other  experiments — for  example,  Douglas  fir  and  oak, 
which  had  been  partially  dried  to  contain  5  to  10  per  cent 
moisture,  approached  the  recovery  figures  of  cypress  with 
8  per  cent  initial  moisture.  The  remaining  1.5  to  3.5  per  cent 
moisture  required  about  18  hours  for  complete  extraction. 
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Fischer  Volumetric  Determination  of  Water 

Application  to  Technical  Substances 

E.  G.  ALMY,  W.  C.  GRIFFIN,  and  C.  S.  WILCOX 
Atlas  Powder  Company,  Tamaqua,  Penna. 


IN  1935  Fischer  (1)  proposed  a  volumetric  method  for 
determining  water  which  he  applied  successfully  to  the 
analysis  of  liquid  sulfur  dioxide,  to  a  number  of  organic 
liquids  including  hydrocarbons,  alcohols,  and  acetone,  and  to 
solids  such  as  bleaching  earth  and  hydrated  salts.  The 
method  consisted  of  titrating  the  unknown  with  a  methanol 
solution  of  iodine,  sulfur  dioxide,  and  pyridine  to  the  appear¬ 
ance  of  the  brown  color  of  free  iodine.  Iodine  is  consumed  as 
long  as  any  water  is  present  in  the  solution.  Fischer  pointed 
out  that  the  colorimetric  end  point  could  not  be  detected  in 
the  presence  of  dark-colored  substances  and  suggested  that 
an  electrometric  method  might  be  developed  for  determining 
the  completion  of  the  titration. 


Kaufman  and  Funk  ( 2 )  and  Richter  (3)  have  applied  the 
method  to  the  analysis  of  oils,  fats,  and  such  foodstuffs  as 
flour,  margarine,  cocoa  powder,  marmalade,  and  malt  ex¬ 
tract.  Kaufman  and  Funk  also  commented  on  the  difficulty 
of  determining  the  end  point,  especially  in  colored  solutions. 

In  order  to  apply  this  titrimetric  method  for  water  to  dark- 
colored  solutions,  the  development  of  a  potentiometric  de¬ 
tection  of  the  end  point  was  undertaken.  It  was  found, 
in  the  course  of  the  work,  that  such  a  method  gave  a  more 
sharply  defined  end  point  than  the  color  change  described  by 
Fischer  and  the  potentiometric  detection  has  been  used  in  rou¬ 
tine  analyses  of  a  number  of  compositions  of  industrial  im¬ 
portance. 

It  was  easily  demonstrable  that  there  was  a  small  but  defi¬ 
nite  change  in  potential  difference  across  a  platinum- 
tungsten  electrode  pair  immersed  in  Fischer’s  iodine  reagent 
solution  when  it  was  decolorized  by  the  addition  of  water  dis¬ 
solved  in  methanol,  the  tungsten  becoming  more  positive 
with  regard  to  the  platinum.  Preliminary  experimental  titra¬ 
tions  showed  that  this  change  occurred  more  sharply  and  re- 
producibly  with  dropwise  addition  of  solution  if  the  titration 
was  carried  in  the  direction  of  adding  water  (dissolved  in 
methanol)  to  the  iodine  reagent  rather  than  in  the  direction 
described  by  the  original  authors — namely,  the  addition  of 
iodine  reagent  to  the  moist  sample. 


Figure  1  shows  a  curve  plotting  the  potential  differences 
between  platinum  and  tungsten  electrodes  immersed  in  iodine 
reagent,  as  methanol  containing  6.09  mg.  of  water  per  ml.  of 
solution  was  added  in  increments  of  0.1  ml.  to  30.20  ml.  of 
iodine  reagent.  The  potential  differences  were  measured  by 
attaching  the  electrode  leads  directly  to  the  input  terminals 
of  a  Beckman  pH  meter,  laboratory  model,  and  observing 
the  apparent  pH.  The  readings  were  then  converted  to 
millivolts  from  standard  glass  electrode  tables.  Obviously 
the  end  point  lay  between  26.40  and  26.50  ml.  The  reaction  is 
not  instantaneous  but  from  10  to  15  seconds  are  required  for 
the  full  potential  to  develop.  However,  the  change  begins 
immediately,  and,  with  a  proper  instrument,  a  definite  indi¬ 
cation  that  it  is  occurring  manifests  itself 
within  the  first  second,  during  which  time 
fully  half  the  change  in  potential  difference  will 
have  developed. 

A  second  titration,  using  the  same  solution, 
was  carried  out  in  which  the  end  point  was 
approached  by  dropwise  addition  (1  drop  per 
second)  of  the  standard  alcohol  containing  6.09 
mg.  of  water  per  ml.  of  solution  to  32.10  ml.  of 
iodine  reagent.  The  break  point  is  thus  de¬ 
fined  to  within  0.05  ml.  (Figure  2)  and  the 
equivalence  factor  of  this  iodine  solution  may 
be  calculated  as  5.34  ±  0.05  mg.  of  water  per 
ml.  of  solution.  If  drops  are  added  very  rapidly 
(more  than  5  per  second)  the  end  point  will  be 
overrun  by  as  much  as  0.1  ml.  because  of  the 
slight  time  lag  noted  above.  At  1  drop  per 
second  the  overrun  will  not  be  greater  than  1 
drop,  which  is  not  over  0.015  ml.  from  an 
average  buret  tip.  This  may  be  neglected  in 
routine  work  where  quantities  of  water  in  excess 
of  100  mg.  are  being  titrated. 

Having  established  that  a  measurable  change  in  potential 
difference  of  an  electrode  pair  in  the  titrating  solution  occurs 
at  approximately  the  maximum  color  change  point,  the  prob¬ 
lem  resolved  itself  into  choice  of  a  suitable  device  for  detecting 
this  change  and  the  development  of  proper  conditions  of  re¬ 
action  as  regards  solution  strength,  preparation  of  sample, 
exclusion  of  atmospheric  moisture,  etc. 

Detection  of  End  Point 

The  results  presented  above  indicate  that  the  instrument 
used  to  detect  the  potentiometric  end  point  of  the  water  ti¬ 
tration  must  be  very  sensitive  and  give  a  positive  reaction  for 
a  change  of  only  a  few  millivolts,  since  the  entire  change  is 
only  20  mv.  and  the  time  lag  makes  it  imperative  that  the 
first  part  of  this  change  be  picked  up  by  the  detector.  It  was 
further  demonstrated  that  current  must  not  be  drawn  from 
the  electrodes  lest  they  polarize  badly.  A  vacuum-tube  milli- 
voltmeter  is  thus  strongly  indicated.  It  need  not  record 
extents  of  voltage  changes  so  long  as  it  records  the  incidence 
of  such  changes.  A  number  of  suitable  instruments  are 
available  commercially,  only  one  of  which  will  be  mentioned 
here. 

The  laboratory  model  Beckman  pH  meter,  used  as  an  indicating 
instrument,  has  been  found  to  meet  the  above  requirements.  It 
is  used  by  attaching  the  electrode  leads  directly  to  the  input  ter- 
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minals  and  adjusting  the  meter  so  that  the  needle  is  at  the  mid¬ 
point  of  its  scale  when  the  electrodes  are  in  the  iodine  solution  be¬ 
fore  titration  is  started.  Agitation  is  set  up  in  the  flask  and 
alcohol  containing  a  small  amount  of  water  is  run  in  rapidly  until 
the  color  changes  from  brown  to  orange.  The  key  to  the  meter  is 
then  fastened  down  and  the  addition  of  alcohol  is  continued  drop 
by  drop. 

When  within  about  1  ml.  of  the  end  point  the  needle  will  show  a 
very  slight  deflection  to  one  side,  then  it  will  swing  deliberately 
across  the  mid-point  and  off  the  scale.  The  titrating  solution  is 
cut  off  when  this  second  deflection  has  just  started  and  if  the  end 
point  is  true  the  needle  will  continue  across  the  scale.  If  the 
deflection  is  due  to  a  temporary  local  concentration  of  the  titrat¬ 
ing  alcohol  at  the  electrodes,  it  will  return  to  its  original  deflection 
and  more  drops  of  solution  must  be  added  from  the  titrating 
buret.  This  method  of  detecting  the  end  point  has  been  used 
satisfactorily  for  many  determinations  over  a  period  of  2  years. 

Doubtless  other  forms  of  vacuum-tube  millivoltmeters 
are  available  commercially,  which  will  serve  equally  well  with 
the  pH  meter  just  described.  The  necessity  of  high  sensitivity 
and  circuit  stability  must,  however,  be  vigorously  empha¬ 
sized.  The  sensitivity  should  be  at  least  half  scale  deflection 
for  an  applied  20  mv.,  without  drawing  measurable  current 
from  the  cell  and  under  these  conditions  there  must  be  no 
fluctuations  as  from  variable  power  input,  etc. 

Titration  Assembly 

The  titration  assembly  is  schematically  illustrated  in 
Figure  3. 

A  is  a  Bakelite  rod  turned  to  the  shape  and  size  of  a  No.  6  rub¬ 
ber  stopper  with  a  cylindrical  extension  for  a  clamp. 

The  electrodes,  Pt  and  W,  pass  through  0.3-cm.  (0.125-inch) 
holes,  and  the  glass  stirrer,  S,  through  a  hole  which  is  only 
slightly  larger  than  the  rod.  The  buret  tip,  T,  passes  through  a 
slotted  hole,  permitting  a  bend  in  the  tube  to  place  the  buret 
proper  at  one  side  of  the  set  up.  The  buret  tip  must  be  long 
enough  to  pass  completely  through  the  stopper  and  dispense  solu¬ 
tion  without  wetting  the  Bakelite.  Rubber  and  cork  were  both 
found  to  be  unsuited  for  the  stopper  of  this  assembly  because  they 
absorbed  vapors  of  the  iodine  reagent  and  became  hygroscopic. 

The  buret  of  the  assembly  has  a  three-way  stopcock  for  connec¬ 
tion  to  a  reservoir  of  standard  solution  of  water  in  methanol. 
The  reservoir  in  turn  is  protected  with  a  tube  of  anhydrous  cal¬ 
cium  sulfate. 

The  stirrer  is  driven  by  a  suitable  variable-speed  motor. 

Copper  leads  to  the  pH  meter  (or  other  indicating  vacuum-tube 
meter)  are  soldered  to  the  electrodes,  the  joint  with  tungsten  being 
made  by  immersing  the  wire  in  a  cup  of  molten  solder. 

The  assembly  is  completed  by  a  platform  at  the  proper  height 
to  bring  the  titrating  flask,  F,  into  position  with  its  neck  around 
the  clamped  Bakelite  stopper.  For  convenience  this  platform  is 
so  mounted  that  it  can  be  swung  to  one  side. 


After  assembly  of  the  electrode  system,  the  tungsten 
wire  must  be  cleaned  and  sensitized  by  dipping  the  ends 
of  the  electrode  for  5  to  10  seconds  in  fused  sodium  nitrite 
in  a  porcelain  crucible  (5).  The  treatment  must  be 
carried  out  slightly  above  the  melting  point  of  the  salt, 
lest  the  reaction  with  the  tungsten  be  so  vigorous  that 
the  wire  is  heated  to  incandescence  and  dissolves  rapidly. 
The  bath  should  be  hot  enough  to  cause  a  stream  of 
minute  bubbles  to  rise  from  the  surface  of  the  tungsten. 
The  adhering  sodium  nitrite  is  removed  by  washing  with 
a  fine  stream  of  water  from  a  wash  bottle,  and  the  wire 
is  dried  by  rinsing  with  acetone  or  methanol.  Whenever 
the  wire  becomes  tarnished,  the  process  may  be  repeated. 

Apparatus  and  Materials 

Besides  the  titration  assembly  and  end-point  detector, 
the  required  apparatus  includes  a  reservoir  and  buret 
dispensing  system  for  the  iodine  reagent,  titrating  flasks, 
and  a  weighing  pipet.  The  reservoir  and  buret  system 
for  storing  and  dispensing  the  iodine  reagent  must  be 
of  all-glass  construction  and  protected  from  the  atmos¬ 
phere  by  a  tube  of  Drierite  or  other  good  desiccant.  The 
Schilling  automatic  buret  marketed  by  the  Ace  Glass  Co. 
(Catalog  No.  3325)  with  Style  C  reservoir  has  been 
found  very  satisfactory.  For  many  titrations  ordinary 
150-ml.  extraction  flasks  are  suitable.  If  in  the  prepa¬ 
ration  of  the  sample  for  analysis  it  must  stand  in  the  titrat¬ 
ing  flask  for  some  time,  special  150-ml.  extraction  flasks  fitted 
with  29 /42  ground-glass  stoppers  are  convenient  and  fit  the  titra¬ 
tion  assembly  stopper.  The  weighing  pipet,  used  in  primary 
standardization  of  the  solutions,  may  be  of  either  the  Lunge  or 
the  Smith  type. 


The  materials  necessary  for  the  preparation  of  the  solutions  are 
fisted  below.  Indicated  sources  have  been  found  to  be  satisfac¬ 
tory.  Unless  specifically  stated  to  the  contrary,  it  is  not  to  be  in¬ 
ferred  that  other  suppliers  do  not  furnish  materials  of  equal  qual¬ 
ity.  Those  fisted  were  used  without  further  purification. 

Iodine,  c.  p.,  resublimed,  Baker’s  analyzed  or  Eimer  and 
Amend  T.  P. 

Sulfur  dioxide,  liquid  anhydrous,  Matheson  and  Co. 

Methanol,  synthetic,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 


394 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  7 


Pyridine,  No.  2-A  refined,  Barrett  Company,  c.  p.  pyridine 
supplied  by  two  chemical  supply  houses  and  Barrett’s  10- A  pyri¬ 
dine  were  found  definitely  inferior  to  the  2-A  pyridine  recom¬ 
mended.  The  inferiority  was  manifested  by  a  decreased  stability 
of  the  reagent. 


Table  I. 

Typical  Standardization  Data 

Water 

Iodine 

Alcohol 

Ml.  I2 

Ml.  Alcohol 

Water  Equivalence 
Factors 

Alcohol 

Taken 

Reagent 

Solution 

R 

h  soln.  soin. 

Gram 

Ml. 

Ml. 

Gram/  ml. 

27.70 

32.42 

0.854 

24.10 

28.32 

0.851 

24.47 

28.82 

0.849 

24.45 

28.80 

0.849 

0.2017 

40.29 

2.47 

Av.  0 . 850 

0.00529  0  00450 

0.2247 

43.60 

1.30 

0.00529  0.00450 

Preparation  and  Standardization  of  Solution 

Alcohol  Titrating  Solution.  Mix  approximately  10  grams 
of  water  with  2  liters  of  anhydrous  methanol.  Transfer  to  the 
reservoir  supplying  the  buret  of  the  titrating  assembly  and  pro¬ 
tect  with  a  tube  of  Drierite  or  other  desiccant.  Its  exact  factor, 
which  should  be  approximately  5  mg.  of  water  per  ml.  of  solution, 
will  be  determined  as  described  below. 

Iodine  Reagent.  Prepare  a  stock  solution  of  sulfur  dioxide 
in  pyridine  as  follows:  Weigh  into  a  flask  3.785  liters  (1  gallon) 
of  2-A  pyridine  and  add  203  grams  of  liquid  sulfur  dioxide  for  each 
kilogram  of  pyridine.  Add  the  sulfur  dioxide  directly  from  the 
cylinder  by  attaching  to  the  outlet  valve  a  rubber  tube  extending 
under  the  surface  of  the  pyridine.  Invert  the  cylinder  and  open 
the  valve;  the  pressure  of  the  gas  forces  liquid  sulfur  dioxide  into 
the  pyridine  solution.  Store  in  glass-stoppered  bottles. 

To  1359  grams  of  stock  pyridine-sulfur  dioxide  solution  in  a  5- 
liter  container  add  1786  grams  of  alcohol,  mix,  and  cool  to  room 
temperature.  Add  453.6  grams  (1  pound)  of  iodine,  stopper,  cool 
under  running  water  before  shaking,  then  alternately  swirl  and 
cool  until  the  iodine  is  in  solution.  Finally  agitate  the  solution 
thoroughly  and  store  in  glass-stoppered  bottles. 

Note.  In  compounding  the  iodine  reagent  it  is  important  to 
keep  the  solution  cool  until  the  iodine  is  dissolved.  Heat  is 
generated  by  the  solution  process  and  if  the  temperature  is  allowed 
to  start  rising  it  increases  the  rate  of  reaction  and  rapidly  gets  out 
of  control. 

Allow  the  iodine  reagent  to  stand  24  hours,  or  preferably  2  or  3 
days,  before  use. 

The  proportions  given  above  yield  a  solution  containing  1  mole 
of  iodine  to  2  moles  of  sulfur  dioxide  to  8  moles  of  pyridine. 

Standardization.  The  method  is  here  described  in  terms  of 
the  use  of  a  Beckman  pH  meter  (laboratory  model)  as  the  end¬ 
point  detector. 

Rinse  the  iodine  reagent  and  alcohol  burets  with  solution  from 
their  reservoirs,  discarding  the  rinse  solution,  and  refill  the  iodine 
burets.  Discard  1  ml.  of  solution  from  the  iodine  buret,  note  the 
reading,  and  transfer  20  to  35  ml.  of  the  iodine  solution  to  a  150- 
ml.  extraction  flask.  While  this  is  flowing,  drain  the  tip  of  the 
previously  refilled  alcohol  buret,  noting  the  reading.  Immedi¬ 
ately  transfer  the  above  flask  to  the  titrating  assembly  and  pro¬ 
ceed  as  described  under  the  heading  “Detection  of  End  Point”. 
Read  the  alcohol  and  iodine  burets,  estimating  to  the  nearest  0.01 
ml. 

From  the  volume  noted  the  equivalence  ratio  of  iodine  to  alco¬ 
hol  can  be  calculated.  This  ratio  should  be  determined  in  dupli¬ 
cate  and  calculated  to  three  places,  and  is  expressed  as  R.  R  = 
ml.  of  iodine  per  ml.  of  alcohol.  The  duplicate  determination 
must  agree  within  5  parts  per  1000. 

The  absolute  water  equivalence  of  the  iodine  is  obtained  as 
follows:  Determine  the  weight  to  0.1  mg.  of  a  water-filled  Smith 
weighing  pipet.  While  iodine  reagent  is  flowing  into  a  titrating 
flask  transfer  2  or  3  drops  of  water  from  the  pipet  to  the  flask. 
Restopper  the  pipet  for  later  weighing.  Take  care  that  the 
ground-glass  connections  of  the  weighing  pipet  are  dry;  other¬ 
wise  loss  will  occur  due  to  evaporation.  Swirl  the  flask  and  con¬ 
tinue  the  addition  of  the  iodine  solution  until  an  excess  has  been 
introduced,  as  indicated  by  a  change  from  yellow  to  a  dark  brown 
color.  Transfer  the  flask  to  the  titrating  assembly,  depress  the 
meter  button  with  a  weight,  and  back-t.itrate  with  aqueous  alcohol 
as  before. 

From  the  previously  calculated  equivalence  ratio,  R,  it  is 
possible  to  calculate  the  excess  of  iodine  used.  From  the  total 
volume  of  iodine  solution,  the  excess  volume,  and  the  weight  of 


water  taken,  the  factor  F i2  of  the  iodine  solution  can  be  expressed 
as  weight  of  water  per  ml.  of  reagent.  Also  the  factor  of  the 
alcohol,  Faic-  can  be  determined  as  follows: 

F i2  (grams  per  ml.)  = 

weight  of  water 

ml.  of  I2  solution  —  (ml.  of  alcohol  X  R) 

F aic.  (grams  per  ml.)  =  Fi2  X  R  (2) 

The  equivalence  ratio,  R,  must  be  determined  daily  and  the 
factor  of  the  iodine  solution  calculated  from  the  previously  de¬ 
termined  alcohol  factor 

Fi2  (grams  per  ml.)  =  F„\CJR 

At  regular  intervals,  however,  primary  standardization  against 
water  should  be  carried  out  to  make  sure  that  the  alcohol  factor 
has  not  changed. 

Typical  data,  using  solutions  prepared  as  described  above, 
are  shown  in  Table  I. 

The  iodine  solution  here  employed  is  higher  in  total  con¬ 
centration  of  active  ingredients  than  that  described  by  Fischer 
and  the  molar  ratios  of  iodine  to  sulfur  dioxide  are  modified. 
The  greater  concentration  was  desirable  to  increase  the  water 
equivalence  of  the  solution  and  it  was  found  unnecessary 
to  have  the  great  excesses  of  sulfur  dioxide  and  pyridine  shown 
in  the  original  work. 

Analysis  of  Samples 

Transfer  a  sample  prepared  for  analysis  (see  following  section) 
to  a  titrating  flask,  choosing  the  sample  size  to  contain  between 
0.05  and  0.2  gram  of  water.  If  the  material  is  high  in  water  con¬ 
tent  the  sample  should  be  transferred  from  a  weighing  pipet  while 
the  iodine  solution  is  running  into  the  flask.  Add  iodine  reagent, 
with  occasional  swirling,  until  an  excess  has  been  added  and  back- 
titrate  as  described  above  under  primary  standardization  with 
water.  Calculation  of  the  water  content  is  made  from  the  fol¬ 
lowing  equation: 

(ml.  of  I2  —  ml.  of  alcohol  X  R)  X  F\2  X  100 
0  2  weight  of  sample 

Data  covering  typical  analyses  (in  duplicate)  of  solutions 
of  high  and  low  water  content,  which  needed  no  preparation 
for  analysis  beyond  transfer  to  the  titrating  flask,  are  shown 
in  Table  II.  The  titrating  solutions  are  those  whose  stand¬ 
ardization  was  described  in  the  preceding  section. 


Table  II. 

Typical 

Analytical 

Data  on 

Water  Titration 

Sample 

Alcohol 

Weight 

I2  Reagent 

Solution 

R 

H2O 

Gram 

Ml. 

Ml. 

% 

0 . 2967 

33.55 

1.50 

0.850 

0.00529 

57.6 

0 . 2825 

32.81 

2.41 

0.850 

0.00529 

57.6 

0 . 5585 

19.43 

2.30 

0.850 

0.00529 

16.5 

0.6350 

20.58 

1.05 

0.850 

0 . 00529 

16.4 

Preparation  of  Sample 

The  titration  method  for  water  is  applicable  to  a  great 
many  materials  without  special  preparation  of  sample. 
The  pyridine-methanol  mixture  of  the  iodine  reagent  is  a  good 
solvent  for  most  organic  liquids  and  many  solids.  Slight 
warming  of  sirupy  materials  in  the  reagent  before  titrating 
may  hasten  their  dispersion,  provided  the  material  is  inert 
to  the  ingredients  of  the  mixture.  Boiling  of  the  solution 
should  be  avoided. 

The  moisture  from  insoluble  powders  may  often  be  ex¬ 
tracted  by  adding  an  excess  of  the  iodine  reagent,  transferring 
to  the  titrating  assembly,  and  agitating  vigorously  before 
back-titrating. 

Other  materials  may  be  first  dissolved  or  suspended  in  a 
measured  volume  of  anhydrous  solvent  and  titrated.  Blanks 
on  the  solvent  must,  of  course,  be  run.  Of  particular  interest 
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is  the  analysis  of  flexible  glue  compositions  containing  poly- 
hydric  alcohol  plasticizers,  by  this  last  method  of  preparation. 
Samples  weighing  from  0.5  to  1.0  gram  are  covered  with  5 
ml.  of  glacial  acetic  acid  in  glass-stoppered  extraction  flasks 
and  allowed  to  stand  at  room  temperature  overnight.  The 
sample  will  be  either  completely  liquefied  or  so  nearly  liquid 
that  very  slight  warming  will  complete  the  solution.  Ex¬ 
cessive  heating  is  to  be  avoided,  lest  the  acetic  acid  react  by 
esterification  with  the  polyhydric  alcohol  of  the  glue  com¬ 
position  and  give  falsely  high  water  contents.  The  sample 
is  then  analyzed  in  the  usual  way.  Blanks  on  glacial  acetic 
acid  correspond  to  only  0.3  per  cent  of  water  in  the  acid,  indi¬ 
cating  that  during  the  titration  no  appreciable  water-forming 
reaction  between  the  methanol  of  the  reagent  and  acetic  acid 
occurs. 


Table  III.  Comparison  of  Volumetric  Water  Analysis 
with  Vacuum  Oven-Drying 


Substance 

Arlex 
Lot  A 
Lot  B 
Lot  C 
Lot  D 
Lot  E 
Lot  F 
Lot  G 
Lot  H 

Sorbitol  sirup 
Lot  36 
Lot  46 
Lot  59 

Process  solution 
A32-9 
A32-10 

1322 

1323 

1324 

1325 

1318 

1319 
1320-A 


W'ater  Content 
by  Vacuum  Oven 
at  65°  C. 

% 

16.6,  16.2,  16.1 

16.4,  16.3,  16  8 
16.1, 16.5 

6.0,  5.8 

15.4,  15.9 
15.8, 16.2 

16 .0,  15.5,  15  7 
15.7, 15.9 


19.8,  19.9 
21.3,  21.4 
20.7,  20.7, 19.9 


56.8, 57.2 
55.0,  54.7 

54 . 4,  54 . 2 

59.4,  59.7 
70.3,  70.3 
55.9, 56.1 
57  0,  57 . 3 

54 . 6,  54  3 

56 . 7,  56 . 9 


Water  Content 
by  Titration 

% 

16.0, 16.0 
16  0,  16  0,  15.9 
16.2,  16.2,  16  3 
5.7,  5.8 
16.0,  16.0 
16.3, 16.3, 16.3 
15.7, 15.8 
15.6,  15.5 


19.8,  19.8 
20.6,  20.7 
19.7,  19.7,  19.5 


57.3,57.1 
54.7, 54.9 
54 . 6,  54  6 
59 . 4,  59 . 5 

70.3,  70.3 

55 . 4,  55 . 2 
58.0,  58.1 
54 . 3,  54 . 4 
56.9,  56.9 


Applicability  and  Interfering  Substances 

The  volumetric  method  described  herein  has  been  success¬ 
fully  applied  to  a  great  number  of  products  with  no  inter¬ 
ference  due  to  other  volatile  ingredients,  solvents  miscible 
with  water,  dark-colored  substances,  turbidity,  or  even  com¬ 
plete  insolubility  in  the  reagent.  It  has  been  used  to  analyze 
solutions  containing  monohydric  and  polyhydric  alcohols  of 
all  degrees  of  volatility,  ranging  from  methanol  through  the 
glycols  and  glycerol  to  sorbitol  and  mannitol.  Determinations 
have  been  made  successfully  on  mixtures  ranging  from  thick 
sirups  of  only  a  few  tenths  per  cent  water  content  to  water- 
thin  process  solutions  containing  70  per  cent  of  water.  Flex¬ 
ible  glue  compositions  containing  polyhydric  alcohol  plasti¬ 
cizers,  for  which  no  satisfactory  water  determination  was 
previously  available,  have  been  successfully  analyzed.  The 
determination  of  water  in  oils,  fats,  and  waxes,  by  titration, 
has  been  previously  described  (3,  3),  and  the  utility  of  the 
method  for  these  substances  confirmed  in  this  laboratory. 

The  determination  is  rapid,  requiring  for  substances  easily 
dispersible  in  the  reagent  not  over  5  minutes  for  completion. 
This  fact  permits  the  control  of  water  content  in  process  solu¬ 
tions  by  direct  analysis  with  almost  no  time  lag.  Results 
of  the  analysis  are  available  when  wanted  instead  of  24  to  48 
hours  later  as  by  the  oven  method. 

Substances  which  react  rapidly  with  free  iodine,  such  as 
highly  unsaturated  compounds,  cannot  be  analyzed  by  the 
volumetric  method  under  discussion.  If  the  reaction  with 
iodine  is  slow,  however,  good  approximation  of  their  water 
content  can  be  obtained  by  titrating  rapidly.  This  fact  has 
also  been  pointed  out  by  Richter  (3).  Inorganic  hydroxides 


that  will  combine  with  the  acids  formed  in  the  titration 
reaction  to  yield  salt  and  water  interfere.  In  certain  cases, 
when  the  inorganic  hydroxide  is  known,  a  correction  may  be 
applied  for  its  water  of  neutralization  and  the  water  content 
of  the  sample  calculated.  In  theory,  acids  which  may  react 
with  the  methanol  of  the  reagent  to  form  water  should  inter¬ 
fere.  However,  glacial  acetic  acid  appears  to  be  titratable 
without  giving  high  results.  On  the  other  hand,  borates  and 
boric  acid  give  very  high  results,  apparently  through  the  for¬ 
mation  of  methyl  borate  and  the  splitting  off  of  water  which 
is  titrated.  The  effect  of  other  acids  has  not  been  investi¬ 
gated. 

Accuracy  of  the  Method 

In  Table  III  are  shown  typical  duplicate  and  triplicate 
analyses  of  a  number  of  sorbitol  sirups  and  process  solutions. 
Agreement  between  the  results  by  the  volumetric  method 
and  vacuum  oven-drying  is  essentially  good  and  the  pre¬ 
cision,  as  measured  by  agreement  between  duplicate  analyses, 
is  higher  by  the  volumetric  method  than  by  oven-drying. 

Table  IV  shows  the  analysis  of  a  number  of  glue  composi¬ 
tions,  whose  water  contents,  calculated  from  the  water  con¬ 
tents  of  the  components  and  the  evaporation  loss  during  cook¬ 
ing,  are  as  indicated  in  the  second  column.  The  glue  used  in 
preparing  these  mixtures  was  analyzed  by  oven-drying  at 
110°  C.,  the  official  method  of  the  National  Glue  Manufac¬ 
turers  Association,  and  by  titration,  with  the  comparative 
results  indicated.  This  table  again  shows  a  high  degree  of 
precision  and  good  agreement  between  the  water  found  by 
titration  and  that  calculated  or  analyzed  by  other  methods. 

Table  V  presents  results  of.  experiments  in  which  weighed 
amounts  of  water  were  added  to  analyzed  lots  of  Arlex  D  and 
E  (see  Table  III)  and  the  total  amounts  of  water  calculated. 
These  were  then  analyzed  by  titration,  and  the  difference 
was  noted  between  calculated  and  found  values. 

The  greatest  difference  between  calculated  and  found  is  0.5 
per  cent  of  the  value  and  the  average  difference  for  the  six 
is  only  0.2  per  cent  of  the  value. 

Stability  of  Iodine  Reagent 

The  iodine  solution  should  stand  24  hours  before  use  and  be 
standardized  daily  thereafter  because  the  factor  of  the  freshly 
made  solution  falls  off  sharply  during  the  first  day,  then  more 
slowly  but  continuously  for  weeks.  The  cause  of  this  de¬ 
crease  in  factor  is  not  known.  Most  rigorous  exclusion  of 


T  \ble  IV.  Analysis  of  Glue  and  Glue  Compositions 


Designation 

Air-dried  glue 

Glue  composition 
RW-40-b 
RW-40-a 
13-0 
13-1 
13-2 
13-4 
13-6 


Water  Content 
Calculated, 

% 

16.50, 16.60“ 


39.8 

43.3 

30.5 

30.5 

30.5 

30.5 

30.5 


Water  Content 
by  Titration, 

% 

16 . 50 


39.8, 40.2 
42.6,  42.6 
30.0,  30.0 
30.2,  30.2 
30.0,  30.1 
30.2, 30.0 
30 . 2,  30 . 4 


“  By  oven-drying  at  110°  C. 


Table  V. 

Recovery  of  Added  Water 

Weight 
of  Sirup 
Grams 

Water 
in  Sirup 
Gram 

Total 

W'ater  .Calcd. 

Added  Water 

Gram  Gram 

Water 

Found 

Gram 

Dif¬ 

ference 

Gram 

1.6218 

1 . 0670 

1 . 7080 

0.0941 

0.0609 

0 . 0990 

Lot  D  Arlex  (5.8%  H2O) 
0.0780  0  1721 

0.1589  0.2198 

0.2440  0  3430 

0.1718 

0.2210 

0  3430 

+  0.0003 
-0.0012 
0 . 0000 

0  538 

0 . 568 

0  565 

0.0861 

0  0910 

0 . 0905 

Lot  E  Arlex  (16.0%  H2O) 
0.1073  0.1934 

0.0784  0.1694 

0.2291  0  3196 

0.1940 

0  1694 

0  3184 

-0.0006 
0 . 0000 
+  0  0012 

396 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


atmospheric  moisture  does  not  prevent  it.  Apparently,  a 
very  slow  iodine-consuming  reaction  occurs  within  the  solu¬ 
tion.  That  it  may  be  due,  in  part  at  least,  to  impurities  in  the 
pyridine  is  indicated  by  the  fact  that  the  rate  of  degradation 
varied  with  the  source  of  the  pyridine  used. 

Stoichiometry  of  Reaction 

In  the  original  paper  describing  this  method  Fischer  (I)  sug¬ 
gested  the  following  equation  to  describe  the  reaction: 

2H20  +  I2  +  SO^CsHJST  +  2C6H6N  = 

(C6H6N)2H2S04  +  2C5H5N.HI 

In  the  course  of  the  present  work  it  became  obvious  that  this 
equation  did  not  correctly  express  the  titration  because  the 
water  equivalence  of  the  authors’  reagent  was  never  greater 
than  35  per  cent  of  that  called  for  by  the  above  reaction. 
This  failure  to  follow  the  stoichiometry  of  the  postulated 
reaction  did  not  interfere  with  its  use,  since  the  solution  was 
easily  standardized  empirically.  Since  the  completion  of 
the  experimental  work  described  herein,  Smith,  Bryant,  and 
Mitchell  (4)  have  reported  on  a  study  of  the  fundamental 
reaction  involved  in  titrations  with  the  Fischer  reagent. 
They  find  that  the  reaction  is  stepwise,  that  the  only  reaction 
involving  water  as  a  reactant  is  the  following: 
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I2  +  S02  +  3C5H5N  +  H20  =  2(C6HEN.HI)  +  CsHsNOSCh 

and  that  instead  of  pyridinium  sulfate  a  methyl  ester  is 
formed  according  to  the  following  reaction: 

C6H6N0S02  +  CH3OH  =  CsHsN.  (HCH3SO4) 

The  theoretical  consumption  of  iodine  in  the  reagent  is,  ac¬ 
cordingly,  only  50  per  cent  of  that  proposed  by  Fischer. 
Smith  and  his  co-workers  found,  moreover,  that  this  factor 
was  never  reached  in  practice  because  of  side  reactions,  and 
that  freshly  prepared  reagent  is  usually  equivalent  to  70  per 
cent  of  the  theoretical  water,  which  would  correspond  to 
35  per  cent  of  theory  on  Fischer’s  proposed  equation.  This 
result  is  in  harmony  with  that  obtained  in  the  present  work. 
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Effect  of  Ferric  Sulfate  in  Shortening  Kjeldahl 

Digestion 

F.  M.  STUBBLEFIELD  AND  E.  E.  DeTURK,  University  of  Illinois,  Urbana,  Ill. 


IN  1868  Wanklyn  (32)  proposed  the  wet  combustion  of 
organic  matter  by  the  use  of  potassium  permanganate  as 
the  oxidizing  agent.  Ten  years  later,  Wanklyn  and  Cooper 
(33)  attempted  to  extend  this  method  to  provide  for  the  esti¬ 
mation  of  protein  material  by  potassium  permanganate  in  an 
alkaline  solution.  Kjeldahl  (14)  in  1883  introduced  a  method 
based  on  the  decomposition  of  the  nitrogenous  materials 
without  the  production  of  volatile  compounds  by  sulfuric 
acid,  and  completion  of  the  oxidation  by  permanganate  when 
the  mixture  was  removed  from  the  flame.  This  method,  with 
two  major  modifications,  is  in  common  use  today.  The 
Gunning  modification  (10)  provides  for  the  addition  of  potas¬ 
sium  sulfate  or  sodium  sulfate  to  give  a  digestion  mixture 
more  favorable  to  the  loss  of  water  than  of  sulfur  trioxide, 
and  to  raise  the  boiling  point  of  the  digestion  mixture;  the 
other  modification  uses  mercury  or  copper  as  a  catalyst. 

Many  attempts  have  been  made  to  shorten  the  digestion 
time,  and  many  substances  have  been  used.  These  attempts 
have  followed  two  main  paths — (1)  to  raise  the  boiling  point 
of  the  digestion  mixture;  and  (2)  to  employ  some  substance 
more  active  than  mercury  as  the  metallic  catalyst. 

Harrel  and  Lanning  (11)  reviewed  the  use  of  varying  amounts 
of  sodium  sulfate,  with  either  mercury  or  copper  as  the  catalyst, 
finding  that  between  14  and  20  grams  of  sulfate  with  mercury 
give  a  somewhat  shorter  digestion  time  and  more  accurate  re¬ 
sults  than  smaller  amounts  of  sulfate  and  copper.  Hydrogen 
peroxide  methods  have  been  used  with  varying  success.  Potas¬ 
sium  dichromate  has  been  tried,  but  Shewan  (27)  found  that  re¬ 
sults  are  low,  especially  where  two  nitrogen  groups  are  attached 
to  a  central  carbon  atom  as  in  urea,  caffeine,  or  creatine.  Vana¬ 
dium  has  been  used.  Parri  (25)  stated  that  vanadium  pentoxide 
and  cupric  oxide  give  better  results  than  either  alone. 

Perchloric  acid  has  been  suggested  as  a  Kjeldahl  reagent. 
Mears  and  Hussey  (18)  and  Bimmerman  and  Frank  (2)  were 


among  the  first  to  use  it.  Gauduchon-Truchot  (7)  published  a 
review  of  perchloric  acid  methods  and  outlined  a  procedure  that 
gives  excellent  results;  it  involves  the  dropwise  addition  of 
perchloric  acid  to  the  partially  digested  mixture  until  clearing 
takes  place.  Le  Tourneur-Hugon  and  Chambionnat  (17)  pre¬ 
sented  a  similar  procedure.  The  usefulness  of  the  method  for 
general  laboratory  analyses  is  impaired  by  the  extra  step. 

Much  work  has  been  done  on  the  use  of  selenium  and  tellurium 
as  catalysts,  especially  the  former.  The  mechanism  of  the  reac¬ 
tions  involved  was  outlined  by  Illarionov  and  Soloveva  (12) 
and  by  Sreenivasan  and  Sadasivan  (29).  The  initial  work  of 
Lauro  (15,  16)  has  been  confirmed  by  Messman  (19)  and  others 
( 1 ,  4,  9,  20,  22,  23,  24,  26,  SO,  34,  35).  Experimenters  do  not 
agree  on  the  correct  proportion  of  selenium  to  use,  and  digestion 
methods  and  time  (15  to  100  minutes)  vary  widely.  In  spite  of 
the  reported  results,  considerable  doubt  still  exists  in  regard  to 
the  efficiency  of  selenium  in  reducing  all  the  nitrogen  present 
(except  nitrates)  to  ammonia. 

Davis  and  Wise  (5)  after  a  survey  of  the  cereal  laboratories  of 
the  country  concluded  that  selenium  is  not  universally  adapted 
to  general  laboratory  conditions.  Nine  of  the  ten  collaborators 
obtained  low  results  using  selenium  as  the  catalyst.  Snider  and 
Coleman  (28)  concurred  and  cited  the  disadvantages  of  bumping 
and  frothing,  unless  special  precautions  are  taken,  the  probability 
of  low  results,  and  the  physical  discomforts  of  the  noxious  fumes, 
suggestive  of  hydrogen  selenide,  which  cause  headache  and  a 
form  of  catarrh.  Jany  and  Morvay  (13)  stated  that  a  shorter 
digestion  period  is  permitted  by  use  of  copper  and  selenium  to¬ 
gether  as  the  catalyst,  but  agreed  that  lower  results  are  obtained 
than  with  mercury. 

Gerritz  and  St.  John  (8)  succeeded  in  shortening  the  diges¬ 
tion  time  by  the  use  of  dipotassium  phosphate  in  various 
combinations  with  sodium  sulfate  and  potassium  persulfate. 
The  present  paper  reports  the  results  of  a  comparison  of  the 
four  procedures  proposed  by  Gerritz  and  St.  John,  together 
with  further  modifications  studied  by  the  authors,  one  of 
which  is  found  to  be  suitable  for  routine  laboratory  procedure. 
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Table  I.  Comparison  of  Procedures  of  Gerritz  and  St.  John  and  Official  Method 

(25  ml.  of  H2SO4  and  0.6  gram  of  Hg  in  each  determination) 


Method 


- Catalysts - 

KOH 

NajSOr  K2HPO4  P2O5  K2S2O8 
Grams  Grams  Grams  Gram 


Official 

Kjeldahl-Gunmng- Arnold 
Gerritz  and  St.  John 
Method  A 
Method  B 
Method  C 
Method  D 


10  0  0  0 

0  10  0  0 

0  10  0  1 

6  10  0  1 

6  0  8“  1 


a  Four  grams  of  each  added  separately. 


Time  of 

Time  of 

No.  of 

Total  N 
in  Sample 

Clearing 

Digestion 

Replicates 

P7192 

Min. 

Min. 

% 

40 

150 

12 

2.62 

20 

40 

8 

2.56 

20 

25 

8 

2.52 

20 

30 

8 

2.57 

20 

25 

8 

2.54 

Probable  Error 

Recovery 

Of  single 
detn. 

Of  mean 

Compared 
to  Official 

°fo 

% 

% 

0.004 

0.001 

100 

0.005 

0.002 

97.71 

0.005 

0.002 

96.18 

0.005 

0.002 

98.09 

0.004 

0.001 

96.95 

Method 


Table  II.  Comparison  of  Experimental  Procedures 

(25  ml.  of  H2SO4  and  0.6  gram  of  Hg  in  each  determination) 

Total  N 

_ - Catalysts -  Time  of  Time  of  No.  of  inSainple 

Na2SOj  K2HPO4  Fe2(S04)j  MgSCh  Clearing  Digestion  Replicates  P7192 
Grams  Grams  Grams  Grams  Min.  Min.  % 


Official 

Kjeldahl-Gunning- Arnold 
Method  1 
Method  II 
Method  III 
Method  IV 
Method  V 
Method  VI 
Method  VII“ 


10  0  0 
6  10  0 
6  10  0 
0  0  0 
0  10  0 
0  6  10 
0  10  6 
0  10  6 


0 

40 

150 

0 

20 

25 

0 

20 

40 

10 

5 

20 

‘46 

0 

18 

40 

0 

15 

40 

0 

15 

30 

12  2.62 

8  2.50 

8  2.56 

8 

8  2.58 

8  2.59 

8  2.63 

8  2.62 


0  Adopted. 


Probable  Error 


Of  single 

Of  mean 

detn. 

% 

% 

0.004 

0.001 

0.003 

0.001 

0.004 

0.001 

O’ 004 

o!ooi 

0.006 

0.002 

0.004 

0.001 

0.003 

0.001 

Recovery 
Compared 
to  Official 

% 


100.0 

95.42 

97.7 

98 '.47 
98.85 
100.4 
100.0 


Experimental 

The  experimental  work  consisted  (1)  of  a  comparison  of 
the  four  procedures  proposed  by  Gerritz  and  St.  John,  and 
(2)  of  a  comparative  study  of  seven  modifications  of  the 
present  authors. 

The  equipment  used  was  a  gas  digestion  rack  of  ten-flask 
capacity.  In  each  run,  eight  replicates  and  two  blanks  were  in¬ 
cluded.  Mercury  was  used  as  the  metallic  catalyst  in  all  cases 
except  those  in  which  mercury  and  copper  were  compared.  A 
standard  ammonium  chloride  solution  in  which  20  ml.  equaled 
0.0400  gram  of  nitrogen  was  first  analyzed.  The  average  of  six¬ 
teen  closely  agreeing  determinations  by  the  official  Kjeldahl- 
Gunning-Arnold  method  on  20-ml.  samples  of  this  solution  was 
0.0400  gram  recovered. 

The  detailed  comparison  of  methods  was  carried  out  on  a 
sample  of  alfalfa,  Laboratory  No.  P7192.  The  mean  of  twelve 
determinations  by  the  official  method  on  2-gram  portions  of  this 
sample  was  2.62  ±  0.001  per  cent,  the  probable  error  being  com¬ 
puted  by  Bessel’s  formula.  Table  I  gives  the  authors’  compari¬ 
sons  of  Gerritz  and  St.  John’s  procedures. 

All  short  methods  were  given  the  full  heat  of  the  burners  non1 
the  start  of  the  digestion.  Clearing,  except  in  the  official  method, 
occurred  in  approximately  20  minutes.  In  Method  B,  the  potas¬ 
sium  persulfate  was  added  on  clearing  of  the  solution,  the  solu- 
tion  was  brought  to  a  boil  again,  and  the  flasks  were  removed. 
In  Method  C,  the  solution  was  boiled  for  5  minutes  after  the 
addition  of  potassium  persulfate  on  clearing.  When  this  initial 
reaction  subsided,  the  flasks  were  placed  on  the  rack.  Upon 
clearing,  potassium  persulfate  was  added,  and  the  solution  was 
again  brought  to  boiling  before  removal  from  the  flame.  The 
digestion  times  used  were  the  ones  recommended  by  Gerritz  and 

Considerable  heat  was  liberated  by  the  reaction  of  sulfuric 
acid  and  dipotassium  phosphate,  causing  a  slight  predigestion 
before  the  flask  was  placed  on  the  flame.  In  the  digestion,  froth 
filled  approximately  half  the  flask;  there  was  some  spattering, 
but  none  into  the  neck  of  the  flask.  The  spattering  was  not  ob¬ 
jectionable,  as  the  residue  left  on  the  flask  walls  was  either 
washed  down  quickly  by  the  condensing  acid  fumes,  or  could  be 
removed  by  twirling.  On  cooling  the  flask  after  digestion,  a 
cake  formed  quickly.  In  all  cases  where  phosphate  was  used 
this  cake  was  easily  soluble,  in  marked  contrast  to  that  where  no 
phosphate  was  present.  The  beneficial  effect  of  phosphate  in  the 
subsequent  distillation  was  evident  also,  bumping  being  elimi¬ 
nated  entirely.  For  these  reasons,  the  retention  of  phosphate 
in  further  research  on  shortening  the  digestion  time  was  deemed 
advisable,  although  the  results  obtained  by  the  Gerritz  and  St’ 
John  procedures  unmodified  were  too  low  to  warrant  their  adop¬ 
tion. 


Table  II  presents  the  data  on  the  experimental  procedures 
formulated  by  the  present  writers,  including  the  one  adopted. 
Method  I  was  included  in  order  to  establish  the  effect  of 
potassium  persulfate  in  the  digestion,  using  a  combination  of 
dipotassium  phosphate  and  sodium  sulfate  (Table  I,  Method 
C).  The  actual  digestion  time,  25  minutes,  was  the  same  as 
in  Method  C,  since  in  the  latter  about  5  minutes  are  required 
for  removing  the  flasks,  adding  the  persulfate,  and  replacing 
on  the  digestion  rack.  As  results  were  low,  Method  II  (40 
minutes)  was  run.  Since  in  30  minutes  Method  C  gave  a 
slightly  higher  recovery  using  potassium  persulfate  than  did 
Method  II  in  40  minutes,  it  is  believed  that  potassium  per¬ 
sulfate  has  some  value  in  the  determination,  but  not  sufficient 
to  compensate  for  the  time  required  for  the  extra  step  in¬ 
volved.  The  combination  of  dipotassium  phosphate  and 
sodium  sulfate  in  a  40-minute  digestion  gives  the  same  le- 
covery  as  10  grams  of  anhydrous  phosphate  alone  in  Method 
A,  using  the  same  digestion  time. 

The  use  of  magnesium  sulfate,  Method  III,  was  attempted, 
but  the  mixture  caked  on  the  flame.  Method  IV  gave  a 
vigorous  digestion,  with  much  spattering,  none  going  into  the 
flask  neck.  The  results  were  higher  than  any  obtained  to  that 
time,  but  still  low.  Because  of  inability  to  increase  the 
quantity  of  either  reagent  without  danger  of  caking  on  the 
flame,  no  further  research  was  done  on  this  combination  of 
c  at  aly  sts . 

Gerritz  and  St.  John  report  a  rerun  of  Methods  C  and  D  in 
which  a  combination  of  mercuric  oxide,  cupric  oxide,  and 
ferric  sulfate  was  used  as  the  catalyst.  Results  for  this 
method,  in  which  a  small  amount  of  ferric  sulfate  was  used, 
were  essentially  the  same  as  without  it,  and  its  use  was  not 
recommended.  The  idea  of  using  the  ferric  ion  as  a  catalyst 
is  not  new.  Folin  and  Wright  ( 6 )  in  1919  used  2  ml.  of  a 
10  per  cent  solution  of  ferric  chloride  in  combination  with 
mercury  and  copper  in  an  attempt  to  speed  up  the  digestion, 
with  slightly  low  results.  It  is  believed  that  the  ferric 
ion  in  small  amounts  is  useless  as  a  catalyst,  since  ferric  sul¬ 
fate,  insoluble  in  hot  concentrated  sulfuric  acid,  forms  at  once. 

A  study  of  the  literature  led  to  the  conclusion  that  methods 
based  solely  on  raising  the  boiling  point  of  the  mixture,  or 
on  the  use  of  catalysts  such  as  selenium  to  take  an  active  part 
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Table  III.  Total  Nitrogen  by  Official  Kjeldahl-Gunning- 
Arnold  and  Dipotassium  Phosphate-Ferric  Sulfate 
Methods 


(25  ml.  of  H2SO4  and  0.6  gram  of  Hg  used  in  all  determinations) 


Substance 

Official 

10  grams  K2HPO4, 
6  grams  Fe2(SC>4)3 

% 

% 

Dried  milt 

5.56 

5.56 

Sugar 

0.04 

0.04 

Milk  +  1  gram  sugar 

5.61 

5.61 

Corn 

2.99 

2.99 

Brome  grass 

2.96 

2.96 

Wheat 

2.69 

2.69 

Wheat 

2.75 

2.75 

Tailings 

3.53 

3.54 

Tailings 

3.23 

3.24 

Soybeans 

6.12 

6.12 

Soybeans 

5.98 

5.99 

Oats 

1.83 

1.84 

Oats 

2.05 

2.05 

Oat  straw 

0.49 

0.49 

Soil  S4515 

0.135 

0.135 

Soil  S6757 

0.148 

0.149 

Soil  1-188 

0.255 

0.256 

Soil  1-190 

0.093 

0.093 

Corn  P7194 

1.42 

1.43 

Alfalfa  P7192 

2.62 

2.62 

Alfalfa  P7193 

2.58 

2.58 

Corn  P4190 

1.78 

1.78 

Corn  P4191 

1.38 

1.39 

Tyrosine 

7.73 

7.73 

Tankage 

9.55 

9.54 

Milorganite 

6.14 

6.14 

Agrinite 

8.59 

8.60 

Orchard  grass 

3.44 

3.44 

Soybean  leaves 

2.42 

2.42 

Soybean  leaves 

2.64 

2.63 

Soybean  stems 

0.65 

0.66 

Soybean  roots 

1.39 

1.39 

in  the  digestion,  could  not  be  expected  to  give  maximum 
efficiency. 

Electric  Kjeldahl  heaters,  giving  an  intense  heat  over  a 
wide  surface  of  the  flask,  greatly  shorten  the  digestion  time 
using  the  official  method.  Since  the  boiling  point  of  the  mix¬ 
ture  is  constant  regardless  of  the  heat  applied,  the  explana¬ 
tion  lies  in  the  greater  number  of  bubbles  formed,  chiefly 
sulfur  dioxide  and  sulfur  trioxide  (3,  10,  21,  31),  and  in  the 
greater  contact  of  the  organic  matter  with  the  gas  (Table  IV). 

A  successful  attempt  was  made  to  give  the  advantages  of 
the  electric  heater  to  the  regular  Bunsen  burner  digestion. 
An  amorphous  substance,  insoluble  in  hot,  concentrated  sul¬ 
furic  acid — one  that  plays  no  part  in  the  reactions  and  will 
not  form  a  cake — is  needed.  Such  a  substance  will  provide 
particles  around  which  a  film  of  the  decomposing  sample  may 
form,  and  thus  expose  a  greater  surface  to  the  action  of 
sulfur  trioxide;  and  it  will  also  provide  nuclei  to  facilitate 
the  formation  of  bubbles.  Ferric  sulfate  meets  these  require¬ 
ments  and  is  inexpensive. 

In  the  first  use  of  ferric  sulfate  (Method  V),  dipotassium 
phosphate  was  retained  because  of  merits  mentioned  above. 
The  digestion  was  vigorous.  After  the  first  few  minutes  the 
mixture  became  a  paste  and  the  color  gradually  changed  to  a 
light  yellow,  the  time  required  being  18  minutes.  After  40 
minutes’  digestion,  the  nitrogen  recovery  was  low.  This 
result  is  in  accord  with  the  conclusion  of  Harrel  and  Lanning 
(11)  that  low  results  are  often  due  to  insufficient  sodium  or 
potassium  ion.  Since  a  thinner  paste  and  additional  dipotas¬ 
sium  phosphate  were  needed,  the  proportions  were  reversed 
in  Method  VI.  Lightening  to  a  bright  yellow  paste  occurred 
in  15  minutes,  and  the  recovery  of  nitrogen  agreed  with  that 
obtained  by  the  official  method.  It  was  then  found  (Method 
VII)  that  a  30-minute  digestion  is  sufficient. 

Substitution  of  sodium  sulfate  for  dipotassium  phosphate 
gave  low  results.  Disodium  phosphate  was  substituted  for 
the  potassium  salt  with  no  sacrifice  in  accuracy,  but  with  di¬ 
sodium  phosphate  the  digestion  mixture  did  not  lighten  as 
rapidly  and  the  cake  formed  was  less  easily  disintegrated  on 
dilution. 


Table  III  presents  the  results  of  comparative  analyses  of  a 
wide  variety  of  materials  by  the  official  Kjeldahl-Gunning- 
Arnold  method  and  the  dipotassium  phosphate-ferric  sulfate 
method.  Analyses  were  made  in  duplicate.  (In  the  preceding 
experiments,  all  catalysts  were  weighed  to  the  nearest  milli¬ 
gram.  In  the  analyses  reported  in  Tables  III,  IV,  and  Vf 
approximate  weights  were  used.) 

Comparison  of  Gas  and  Electric  Heaters 

The  results  of  a  comparison  of  gas  and  electric  heaters  are 
given  in  Table  IV.  A  60-minute  period  with  electric  heaters 
in  the  official  determination  gave  complete  digestion  of  the 
samples;  and  with  the  proposed  method,  using  either  gas  or 
electric  heat,  a  30-minute  period  was  sufficient.  With  forced 
draft  digesters,  it  was  necessary  to  reduce  the  draft  in  order 
to  permit  condensation  of  acid  fumes  in  the  flask  necks. 
(Electric  heaters  were  made  available  through  the  courtesy 
of  the  Regional  Soybean  Laboratory,  U.  S.  Department  of 
Agriculture.) 

Comparison  of  Mercury  and  Copper  as  Catalysts 

It  was  desired  to  test  the  effectiveness  of  copper  as  com¬ 
pared  to  mercury  in  both  the  official  and  proposed  methods. 
Table  V  gives  the  results  of  analyses,  all  in  duplicate,  of  ten 
samples  of  varying  nitrogen  content  and  character. 

In  the  official  method,  no  significant  differences  are  ob¬ 
served  with  samples  containing  less  than  86  mg.  of  nitrogen, 
with  the  exception  of  milk.  In  the  new  method,  copper  gave 
consistently  low  results,  the  error  increasing  with  increasing 
amounts  of  nitrogen  in  the  sample,  rather  than  with  increas¬ 
ing  percentages.  It  is  evident  that  copper  is  merely  a'  slower 
catalyst  than  mercury.  In  the  long  digestion  period  of  the 
official  method,  the  time  is  sufficient  for  the  effective  action  of 
copper  with  all  samples  except  those  containing  the  largest 
amounts  of  nitrogen. 


Table  IV.  Comparison  of  Gas  and  Electric  Heaters, 
Mercury  Catalyst 


N  by  Official  Method 

N  by  Proposed  Method 

Sample 

Electric, 

Gas, 

Electric, 

Gas, 

Substance 

W  eight 

60  min. 

150  min. 

30  min. 

30  min. 

Grams 

% 

% 

% 

% 

Orchard  grass 

1 

3.43 

3.44 

3.44 

3.44 

Soybeans 

1 

6.12 

6.12 

6.12 

6.12 

Tankage 

1 

9.54 

9 . 55 

9.54 

9.54 

Soil  1-188 

10 

0.256 

0 . 255 

0.256 

0.256 

Soil  1-190 

10 

0.093 

0  093 

0.094 

0.093 

Soil  S4515 

10 

0.136 

0.135 

0.136 

0.135 

Discussion 

In  the  proposed  method,  clearing  does  not  take  place,  in 
the  sense  that  a  water-white,  transparent  liquid  forms  as  in 
the  official  method.  The  ferric  sulfate  is  insoluble,  and  must 
be  insoluble  to  carry  out  the  basic  principle  of  the  method. 
At  the  start,  a  black  foam  fills  more  than  half  of  the  flask; 
this  declines  to  a  bright  yellow  paste  in  about  15  minutes 
and  remains  a  yellow  paste  until  the  end.  The  full  heat  of 
the  Bunsen  burners  is  used  from  the  beginning.  Any  organic 
matter  on  the  flask  walls  is  removed  by  the  washing  action 
of  the  condensing  acid  vapors,  or  by  twirling,  as  is  customary 
in  the  official  method,  after  digesting  for  about  10  minutes. 

Ferric  sulfate  remaining  on  the  sides  of  the  flask  does  not 
impair  accuracy.  If  not  washed  down  by  the  water  on  dilu¬ 
tion,  it  may  be  removed  by  twirling  the  flask  shortly  after¬ 
wards.  The  flasks  may  be  allowed  to  stand  until  cool  (10 
to  15  minutes).  Because  of  the  pasty  nature  of  the  mixture, 
what  appears  to  be  a  hard  cake  will  form,  but  on  dilution 
this  cake  disintegrates,  the  ferric  sulfate  going  into  suspension. 
If  this  does  not  occur  -at  once,  the  flask  may  be  set  aside  to 
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Table  V.  Comparison  of  Mercury  and  Copper  Catalysts 


Substance 


Soybean  stems 
Soybean  roots 
Orchard  grass 
Tailings 
Soybean  leaves 
Soybean  leaves 
Milk 
Soybeans 
Agrinite 
Tankage 


Sample 
W  eight 
Grams 

2 

2 

1 

1 

2 

2 

1 

1 

1 

1 


150-Min. 

Hg 

Digestion 

Cu 

Hg 

Cu 

Difference, 
Hg  —  Cu 

N  in 
sample 

% 

% 

% 

% 

% 

Mg. 

0.66 

0.66 

0.66 

0  66 

0.0 

13.2 

1.41 

1.41 

1.41 

1 .39 

0.02 

28.2 

3.44 

3.42 

3.44 

3  40 

0.04 

34.4 

3.53 

3.53 

3  54 

3.51 

0.03 

35 . 4 

2.42 

2.41 

2.42 

2  35 

0.07 

48.4 

2.64 

2  62 

2.64 

2.51 

0.13 

52.8 

5.49 

5 . 56 

5 . 35 

0.21 

55 . 6 

6.12 

6.12 

6.12 

5 . 96 

0.16 

61.2 

8.59 

8.42 

8.60 

8  44 

0.16 

86.0 

9 . 55 

9.29 

9.54 

9.31 

0.23 

95.4 

cool  before  the  distillation.  Then,  on  twirling,  the  cake  will 
usually  disappear,  although  a  small  portion  may  remain. 
Apparently  it  is  not  acid.  On  addition  of  alkali  and  twirling, 
ferric  oxide  forms,  and  any  remaining  cake  disappears  at 
once  or  upon  first  application  of  heat.  The  sulfate  ion  sup¬ 
plied  by  the  ferric  sulfate  and  the  hydrogen  ion  in  dipotassium 
phosphate  should  be  included  in  calculating  the  amount  of 
alkali  to  be  added. 

Monopotassium  or  monosodium  phosphate  is  not  satis¬ 
factory  unless  more  than  10  grams  of  the  anhydrous  salt  are 
used,  apparently  because  of  the  low  content  of  potassium  or 
sodium. 

Because  of  the  possibility  of  loss  of  ammonia  by  rapid  heat¬ 
ing  at  the  start  of  the  distillation,  whether  by  the  official 
method  or  by  the  proposed  method,  the  flame  should  be  kept 
low  for  the  first  few  minutes  until  the  mixture  is  boiling  quietly 
at  which  time  it  may  be  increased.  The  distillation  following 
the  proposed  method  is  more  satisfactory  than  in  the  official 
method,  in  that  bumping  is  eliminated;  the  authors  have 
allowed  some  flasks  to  go  almost  to  dryness  without  encounter¬ 
ing  bumping.  No  less  than  45  minutes,  and  preferably  60 
minutes  for  any  method,  is  recommended  for  the  distillation 
of  150  to  200  ml.  of  distillate. 

The  catalysts  of  the  new  method  do  not  increase  the  ac¬ 
tivity  of  copper,  and  the  short  digestion  time  is  inadequate 
for  copper  with  all  but  the  lowest  amounts  of  nitrogen.  The 
use  of  mercury  is,  therefore,  essential  in  this  method. 

Summary 

A  study  of  the  literature  as  well  as  laboratory  comparisons 
of  various  known  methods  failed  to  reveal  any  practical 
means  of  shortening  the  time  required  for  the  Kjeldahl  di¬ 
gestion  based  on  raising  the  boiling  point,  using  oxidants,  or 
using  catalysts  such  as  selenium. 

A  method  is  proposed  which  provides  more  surface  for 
oxidizing  activity  and  for  the  formation  of  gas  bubbles,  with¬ 
out  producing  noxious  fumes  and  with  no  increase  in  the 
number  of  steps  in  the  procedure.  Results  by  this  method, 
using  10  grams  of  anhydrous  dipotassium  phosphate  or  12 
grams  of  the  hydrated  salt,  and  6  grams  of  ferric  sulfate  with 
mercury  as  the  metallic  catalyst,  accurately  check  those  ob¬ 
tained  by  the  official  Kjeldahl-Gunning- Arnold  method,  and 
the  time  of  digestion  with  gas  burners  is  reduced  from  2.5 
hours  to  30  minutes. 

Bumping  during  distillation  is  eliminated  through  the  use 
of  dipotassium  phosphate  in  the  digestion,  giving  a  different 
crystalline  form  to  the  precipitate. 

Mercury  has  been  proved  more  rapid  than  copper  as  a 
catalyst,  and  is  essential  in  the  proposed  method. 

The  reagent  cost  is  slightly  greater  than  that  of  sodium 
sulfate,  but  because  of  saving  in  time,  which  usually  amounts 
to  a  saving  in  labor,  the  determination  by  the  proposed  method 
is  more  economical,  particularly  where  gas  heat  is  used  for 
digestion.  It  is  the  authors’  experience  that  the  number  of 
determinations  run  in  a  dav  can  be  almost  doubled. 
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Patent  Blue  V  as  a  pH  and  Redox 
Indicator — Correction 

N  THE  paper  by  Y'oe  and  Boyd  [Ind.  Eng  Chem.,  Anal.  Ed., 
11,  492  (1939)]  substitute  the  following  sentence  for  the  last 
one  in  the  fifth  paragraph  (first  column)  on  page  493:  “But  in 
titrations  with  ceric  sulfate  using  Patent  blue  V  as  indicator,  a 
satisfactory  end  point  is  not  obtained  when  a  phosphate  ‘pre¬ 
ventive  solution’  is  employed.”  This  substitution  is  intended 
merely  to  clarify  our  statement,  not  to  explain  it. 

In  our  paper,  the  use  of  Patent  blue  V  as  indicator  in  ceric 
sulfate  titrations  was  implied.  Certainly,  we  did  not  intend  to 
say  that  the  Zimmerman-Reinhardt  method  cannot  be  used  in 
ceric  sulfate  titrations  for  ferrous  iron.  Every  year  we  make 
this  titration  (using  ferroin  as  indicator)  many  times  as  a  matter 
of  laboratory  routine. 

John  H.  Yoe 
George  R.  Boyd,  Jr. 


Analysis  of  Cationic  Surface-Active  Agents  of 

Tri valent  Nitrogen  Type 

RALPH  HART 

The  Hart  Products  Corp.,  1440  Broadway,  New  York,  N.  Y. 


In  spite  of  the  growing  application  of 
cationic  surface-active  agents  in  the  textile 
and  related  industries  as  dye  auxiliaries 
and  for  finishing,  there  seems  to  be  a  lack 
of  published  literature  on  methods  of 
analysis  of  such  compounds.  In  this  ar¬ 
ticle  a  procedure  is  outlined  applicable  to 
commercial  products  of  the  fatty  acid 
amido-amine  type.  This  procedure  in¬ 
cludes  directions  for  the  determination  of 
the  acid  used  to  render  the  products  solu¬ 
ble,  nitrogen  as  alkalinity,  total  active  in¬ 
gredients  or  amido-amine,  free  fatty  acids, 
total  fatty  acids,  condensed  amine,  and 
uncondensed  amine. 

DURING  the  past  several  years  there  has  been  a  growing 
application  in  the  textile  industry  of  cationic  surface- 
active  agents  as  dye  auxiliaries  and  for  finishing.  The  prod¬ 
ucts  on  the  market  are  either  quaternary  ammonium  com¬ 
pounds  or  the  salts  of  trivalent  nitrogen  amines.  It  is  stated 
that  the  quaternary  ammonium  compounds  such  as  octyl- 
pyridinium  ammonium  chloride,  CsHsNCCgH^Cl,  promote  a 
fine  dispersion  of  vat  and  sulfur  dyes  and  are  consequently 
used  to  attain  more  level  dyeing  with  and  for  stripping  of  such 
dyestuffs.  A  rather  unstable  quaternary  ammonium  com¬ 
pound  such  as  octadecyloxymethylpyridinium  chloride, 
C6H5N(CH2OC18H37)Cl,  which  upon  heating  in  contact  with 
cellulosic  fibers  combines  with  it,  has  been  recommended  as 
a  permanent  waterproofing  treatment  (5).  However,  the 
trivalent  nitrogen  amine  salts,  particularly  the  salts  of  fatty 
acid  amido-amines  such  as  oleylamidoethylene-iV-diethyl- 
amine,  C17H33CONHC2H4N(C2H5)2,  have  so  far  found  the 
greater  application.  They  represent  the  condensation  prod¬ 
ucts  of  fatty  acids  and  di-  or  polyamines.  Because  of  opposite 
electrical  charges,  these  cationic  agents  are  substantive  to 
cotton  and  similar  fibers  and  consequently  are  readily  ex¬ 
hausted  from  the  treating  bath.  As  a  finish  these  compounds 
impart  to  the  goods  desirable  pliability  and  smoothness 
which  are  more  or  less  permanent.  By  conferring  a  positive 
charge  on  the  fabric,  treated  cotton  goods  acquire  an  affinity 
for  wool  dyestuffs,  and  by  forming  insoluble  salts  with  dyes 
containing  a  sulfonic  or  carboxylic  group,  cotton  goods  so 
dyed  are  rendered  more  or  less  fast  to  washing  and  perspira¬ 
tion.  These  treating  agents  are  also  recommended  to  assist 
impregnation  with  latex  and  as  detergents  in  neutral  or  acid 
baths. 

The  products  on  the  market  are  mostly  water  solutions  of 
the  salts  of  the  amines,  in  the  form  of  either  liquids  or  pastes. 
There  seems  to  be  little  or  no  literature  on  methods  of  analy¬ 
sis  of  such  compounds.  In  this  paper  a  procedure  is  outlined 
for  the  chemical  analysis  of  the  trivalent  nitrogen  compounds 
of  the  fatty  acid  amido-amine  type.  These  methods  consist 
essentially  of  isolating  the  amido-amine,  hydrolyzing  it  into 
its  fatty  acids  and  amine  constituents,  and  determining  the 


last  two.  These  methods  with  some  modification  may  be  ap¬ 
plied  to  certain  sulfonated  detergents  of  the  fatty  acid-amide 
type  and  possibly  also  to  nylon  ( 1 ),  the  new  synthetic  yarn, 
which  is  a  polymer  of  the  condensation  product  of  a  dicar- 
boxylic  acid  and  a  diamine. 

Procedure 

Acidity  of  Amido-Amine  Salts.  Enough  of  the  sample  to  yield 
about  3  grams  of  the  amido-amine  is  dissolved  in  100  ml.  of 
neutral  alcohol  in  a  250-ml.  beaker  and  the  acidity  determined  by 
titrating  with  0.5  N  sodium  hydroxide  solution  until  neutral  to 
phenolphthalein.  Part  of  the  acidity  may  be  due  to  free  fatty 
acids,  the  acidity  of  which  is  determined  later.  If  the  sample  does 
not  dissolve  entirely  in  hot  alcohol,  the  insoluble  matter  may 
represent  filler  such  as  dextrin,  which  is  often  incorporated  in 
commercial  cationic  agents.  In  such  cases  the  insoluble  material 
is  filtered  off,  before  titrating,  on  a  tared  filter  paper  and  dried 
to  constant  weight. 

Amido-Amine.  The  titrated  solution  is  transferred  to  a  500-ml. 
separatory  funnel,  containing  100  ml.  of  a  saturated  sodium 
chloride  solution  and  100  ml.  of  ether.  Solid  salt  is  added  if  nec¬ 
essary  until  there  is  a  slight  excess  and  the  mixture  is  thoroughly 
shaken.  The  contents  are  allowed  to  separate  well  and  the  lower 
layer  is  withdrawn  into  another  separatory  funnel.  The  solvent 
layer  may  be  contaminated  with  water-soluble  simple  amines 
and  inorganic  salts  such  as  sodium  acetate,  more  or  less  soluble 
in  the  solvent.  It  is  therefore  washed  two  or  more  times  with 
25-ml.  portions  of  the  salt  solution  or  until  neutral  to  methyl 
orange.  The  wash  waters  are  combined  and  extracted  with  two 
35-ml.  portions  of  a  mixture  of  equal  parts  of  alcohol  and  ether. 
The  solvent  layers  from  the  washes  are  combined  and,  after 
washing  with  25-ml.  portions  of  salt  solution  until  neutral  to 
methyl  orange,  are  added  to  the  first  extract.  The  wash  waters 
contain  the  acid  component  of  the  sample,  the  acidity  of  which 
has  already  been  obtained.  The  acid  may  be  further  identified 
by  a  steam  distillation  of  the  combined  washes  in  the  presence  of 
excess  phosphoric  acid  and  testing  the  distillate  in  the  usual 
manner. 

The  well-settled  solvent  layer  is  evaporated  and  the  residue 
heated  to  constant  weight  at  110°  to  115°  C.  The  residue  may 
be  contaminated  by  inorganic  salts  varying  from  a  trace  to  about 
2.0  per  cent.  It  is  therefore  ignited  and  the  ash  is  deducted  from 
the  residue.  If  the  ash,  which  consists  mostly  if  not  entirely  of 
sodium  chloride,  is  definitely  alkaline,  it  shows  the  presence  of 
sodium  carbonate  due  either  to  alkaline  salts  such  as  sodium 
acetate  which  have  not  been  completely  washed  out  from  the 
solvent  layer  or  to  uncondensed  fatty  acids  which  would  be 
present  as  soda  soap  in  the  residue.  The  correction  of  the  ash, 
which  may  be  readily  calculated,  is  practically  insignificant  and 
may  be  disregarded.  The  ash  is  retained  for  the  determination  of 
free  fatty  acids  in  the  sample,  as  outlined  below. 

In  order  to  obtain  a  supply  of  the  amido-amine  for  the  subse¬ 
quent  tests,  enough  of  the  sample  to  yield  approximately  10 
grams  of  the  amido-amine  is  dissolved  in  500  ml.  of  equal  parts 
of  ether  and  alcohol,  the  contents  are  neutralized  with  dilute 
sodium  hydroxide  until  neutral  to  phenolphthalein,  the  lower 
layer  after  settling  is  discarded,  and  the  solvent  layer  is  washed 
with  salt  solution  until  it  is  neutral  to  methyl  orange.  To  re¬ 
move  most  of  the  salt  contaminant,  the  solvent  layer  is  evapo¬ 
rated  to  dryness,  and  the  residue  is  dissolved  in  hot  alcohol, 
filtered,  and  diluted  with  alcohol  to  about  500  ml.  The  concentra¬ 
tion  of  the  amido-amine  solution  is  then  determined  by  evaporat¬ 
ing  exactly  100  ml.,  heating  the  residue  to  constant  weight,  and 
igniting. 

The  tests  that  follow  are  made  on  aliquot  portions  of  this 
solution.  Tests  that  may  be  made  on  the  amido-amine  besides 
total  nitrogen  are:  specific  gravity,  solidification  point,  iodine 
number,  acetyl  value,  molecular  weight,  etc. 

Free  Fatty  Acids.  The  ash  from  the  amido-amine  deter¬ 
mination  is  dissolved  in  water  and  titrated  hot  with  acid  to 
methyl  orange.  From  the  alkalinity  of  the  ash,  the  probable 


400 


JULY  15,  1940 


ANALYTICAL  EDITION 


401 


acid  number  of  the  original  fatty  acids,  and  the  weight  of  the  cor¬ 
rected  amido-amine,  the  approximate  percentage  of  free  fatty 
acids  may  be  calculated.  There  is  a  possibility  that  in  the 
presence  of  coconut  oil  fatty  acids,  some  of  the  soap  might  be 
soluble  in  the  concentrated  salt  solution.  In  that  case  the  salt 
solution  after  extracting  the  amido-amine  should  be  acidified 
and  the  fatty  acids  extracted  with  ether.  However,  this  phase 
was  not  experimentally  investigated. 

Nitrogen  as  Alkalinity.  To  exactly  100  ml.  of  the  alcoholic 
solution  of  the  amido-amine  in  a  separatory  flask  are  added  100 
ml.  of  ether,  100  ml.  of  saturated  salt  solution,  methyl  orange 
indicator,  and  a  measured  quantity  of  0.5  A  hydrochloric  acid 
until  the  lower  layer,  after  vigorous  shaking  and  settling,  is 
strongly  pink  (about  2-ml.  excess).  Some  excess  salt  is  added, 
the  contents  are  allowed  to  settle  for  about  15  minutes,  and  the 
clear  lower  layer  is  drawn  off.  The  solvent  layer  at  this  stage 
may  sometimes  turn  turbid  and  even  show  a  precipitate,  which 
settles  in  the  interface,  owing  to  the  limited  solubility  of  the 
amido-amine  hydrochloride  in  the  solvent.  The  precipitate,  if 
any,  is  retained  in  the  solvent  layer.  The  solvent  layer  is  washed 
with  25-ml.  portions  of  salt  solution  until  the  last  wash  requires 
0.1  to  0.15  ml.  of  0.5  A  sodium  hydroxide  solution  to  discharge 
the  pink  color  due  to  methyl  orange.  The  combined  wash 
waters  are  then  titrated  for  excess  hydrochloric  acid.  The 
alkalinity  of  the  sample  is  given  by  the  net  amount  of  hydro¬ 
chloric  acid  used.  The  solvent  layer  is  retained  for  the  deter¬ 
mination  of  total  nitrogen. 

Total  Nitrogen.  The  solvent  layer  from  the  alkalinity  test 
is  transferred  to  a  Kjeldahl  flask,  the  solvent  evaporated,  and 
the  nitrogen  determined  in  the  usual  way. 

Total  Fatty  Acids.  Exactly  250  ml.  of  the  alcoholic  solu¬ 
tion  of  the  amido-amine  are  introduced  into  a  500-ml.  round- 
bottomed  flask,  the  solvent  is  evaporated,  200  ml.  of  6  A  hydro¬ 
chloric  acid  solution  and  some  pumice  stone  are  added,  and  the 
contents  are  boiled  vigorously  under  a  water-cooled  condenser 
for  about  20  hours,  or  until  a  clear  oil  layer  separates  on  the 
surface.  After  cooling,  the  contents  are  transferred  to  a  500-ml. 
separatory  funnel,  the  flask  is  rinsed  with  about  25  ml.  of  hot 
alcohol,  and  the  fatty  acids  are  extracted  with  100  ml.  of  ether. 
The  layers  are  allowed  to  separate  well,  and  the  water  layer  is 
transferred  to  another  separatory  funnel  and  extracted  with  two 
35-ml.  portions  of  ether,  which  are  added  to  the  first  extract. 
The  water  layer  is  retained  for  the  determination  of  the  simple 
amine.  The  solvent  in  the  combined  ether  layer  is  evaporated 
and  the  fatty  acids  are  heated  to  constant  weight  at  105°  to 
110°  C.  The  usual  tests  may  be  applied  to  the  extracted  fatty 
acids:  specific  gravity,  melting  point,  iodine  number,  acidity, 
saponification  value,  acetyl  value,  etc. 

Condensed  Amine.  The  amine  may  be  determined  from  the 
amine  hydrochloride,  by  evaporating  the  water  layer  from  the 
decomposition  test,  heating  the  residue  to  constant  weight,  and 
determining  the  hydrochloric  acid  by  titration.  However,  it  is 
more  conveniently  estimated  by  calculation.  The  amine  is  given 
by  the  difference  between  100  per  cent  and  the  per  cent  of  fatty 
acids  found  in  the  amido-amine,  correction  being  made  for  the 
water  eliminated  during  the  condensation,  which  may  be  cal¬ 
culated  from  the  content  of  amido-nitrogen.  The  equation  for 
calculating  the  amine  is  as  follows: 

18 

%  of  condensed  amine  =  100  —  %  of  fatty  acids  +  (%  of 

total  nitrogen  —  %  of  nitrogen  as  alkalinity)  (1) 

where  the  last  item— 18/14  (%  of  total  nitrogen  -  %  of  nitro¬ 
gen  as  alkalinity) — represents  the  water  of  condensation,  lhe 
percentages  are  based  on  the  purified  amido-amine  and  not 
on  the  original  sample.  Where  the  nature  of  the  amine  is  known, 
it  may  also  be  calculated  from  the  total  nitrogen  found  in  the 
amido-amine. 

To  isolate  the  amine  for  identification  purposes,  the  water 
layer  from  the  decomposition  step  is  evaporated  to  dryness  and 
the  residue  is  boiled  with  small  portions  of  0.5  A  alcoholic  potas¬ 
sium  hydroxide  until  the  sample  is  completely  dissolved  and  the 
solution  is  barely  alkaline  to  phenolphthalein.  Care  should  be 
taken  not  to  overneutralize ;  otherwise  the  amine  will  be  con¬ 
taminated  with  free  potassium  hydroxide,  which  is  difficult  to 
remove.  The  solution  is  filtered,  most  of  the  alcohol  is  evapo¬ 
rated,  the  residue  is  redissolved  in  a  small  quantity  of  alcohol, 
and  filtered  again,  and  the  filtrate  is  evaporated  on  a  water  bath 
until  no  odor  of  alcohol  is  discernible.  If  necessary,  it  may  be 
further  purified  by  vacuum  distillation.  The  amine  may  be 
tested  for  specific  gravity,  nitrogen,  alkalinity,  boiling  point, 
molecular  weight,  etc. 

Uncondensed  Amine.  The  difference  between  the  nitrogen 
content  of  the  original  sample  and  of  the  amido-amine  is  a 
measure  of  the  free  or  uncondensed  amine  present. 


Moisture.  Moisture  is  determined  in  the  usual  manner 
by  a  xylene  distillation  (2).  The  specific  gravity  of  the  distillate 
should  be  made  and  its  acidity  to  phenolphthalein  determined,  as 
some  or  all  of  the  acid  used  in  rendering  the  amido-amine  soluble 
will  be  found  in  the  distillate. 


Experimental 

Commercial  samples  of  the  condensation  products  of  oleic 
acid,  CH3(CH2)7CH=CH(CH2)7COOH,  and  hydroxyethyl 
ethylenediamine,  NH2C2H4NHC2H4OH,  sample  A,  and  of 
stearic  acid,  Ci7H35COOH,  and  triethylenetetramine,  NH2- 
C2H4NHC3H4NHC2H4NH2,  sample  B,  were  purified  by  dis¬ 
solving  in  a  mixture  of  equal  parts  of  alcohol  and  ether, 
washing  with  concentrated  salt  solution  until  the  wash  water 
was  practically  neutral  to  methyl  orange,  evaporating  the 
solvent,  and  heating  the  residue  to  constant  weight.  Experi¬ 
mental  work  on  the  procedure  was  conducted  on  these  two 
samples,  corrected  for  the  presence  of  salt. 

Acidity  of  Amido-Amine  Salts.  Approximately  2-gram  por- 
tions  of  sample  A  or  B  were  dissolved  in  100  ml.  of  neutral  alcohol, 
exactly  10  ml.  of  0.5  A  solutions  of  hydrochloric  acid,  acetic 
acid,  and  formic  acid,  respectively,  were  added,  and  the  acidity 
was  determined  by  titrating  with  0.5  A  sodium  hydroxide  to 
phenolphthalein.  The  results  expressed  as  milligrams  of  potas¬ 
sium  hydroxide  are  given  in  Table  I.  Highly  satisfactory  results 
were  obtained  in  alcohol  of  high  concentration.  On  the  other 
hand,  titration  in  water  solutions  gave  very  low  results;  thus, 
in  titrating  a  sample  containing  285  mg.  of  formic  acid,  expressed 
as  milligrams  of  potassium  hydroxide,  only  191  mg.  were  re¬ 
covered. 


Table  I.  Acidity  of  Amido-Amine  Salts 

(Expressed  as  mg.  of  potassium  hydroxide) 


Hvdrnchloric  Acid 

Acetic  Acid 

Formic  Acid 

Added 

Found 

Added 

Found 

Added 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

287.3 

287.3 

282.5 

282.7 

285.1 

284.7 

287.3 

287.2 

282.5 

282.9 

285.1 

285.0 

Amine. 

The  total  active  ingredients  or  the 

amido- 

Sample  A 
Sample  B 


amine  were  determined  according  to  the  procedure.  The  re¬ 
sults  were  in  excellent  agreement  and  the  recovery  was  prac¬ 
tically  100  per  cent  in  each  case.  To  determine  whether  or 
not  the  simple  amine,  with  which  the  sample  may  be  con¬ 
taminated,  would  be  completely  removed  during  the  washing, 
hydroxyethyl  ethylenediamine  was  added  to  about  double  its 
weight  of  sample  A  and  the  active  ingredients  were  then  deter¬ 
mined.  The  addition  of  the  amine  did  not  affect  the  final  re¬ 
sults. 

Free  Fatty  Acids.  If  the  sample  contains  any  fatty 
acids  not  combined  as  amide  or  ester,  they  will  be  found  in 
the  form  of  soap  in  the  extracted  amido-amine.  Attempts 
to  wash  out  the  soap  from  the  residue  proved  unsuccessful. 
To  determine  the  alkalinity  of  the  soap  in  the  presence  of 
the  amido-amine  is  impossible,  since  the  amido-amine  also 
reacts  with  the  acid.  However,  upon  ashing,  the  amido- 
amine— containing  soap  is  converted  to  sodium  carbonate, 
from  the  alkalinity  of  which  and  the  probable  acid  number  of 
the  fatty  acids  the  approximate  quantity  of  the  uncombined 
fatty  acids  may  be  calculated. 


To  test  this  method  0.1-  to  1-gram  portions  of  oleic  acid  were 
added  to  approximately  3-gram  samples  of  sample  A,  which 
was  extracted  as  in  the  procedure.  The  residue  was  then  ashed 
and  the  alkalinity  of  the  ash  determined  by  titrating  hot  with 
0.5  A  hydrochloric  acid  until  neutral  to  methyl  orange.  The 
results  were  somewhat  higher  than  the  calculated  values  - 
about  3  per  cent.  On  the  other  hand,  the  ash  of  the  original 
amido-amine  of  both  samples  contained  only  traces  of  alkalinity, 
showing  them  to  be  free  of  uncondensed  fatty  acids. 

Nitrogen  as  Alkalinity  and  Total  Nitrogen.  In 
testing  the  amido-amine  for  alkalinity,  the  titration  in  water 
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solutions  (by  adding  excess  acid  and  titrating  back)  was 
found  to  be  incomplete,  and  in  alcohol  solution  the  end  point 
was  not  entirely  satisfactory.  The  titration  over  salt  solu¬ 
tions  as  outlined  gives  concordant  results,  which  are  believed 
to  be  accurate  as  shown  under  total  fatty  acids.  The  nitro¬ 
gen  as  alkalinity  and  total  nitrogen  are  given  in  Table  II. 


Table  II. 

Nitrogen 

as  Alkalinity 

and  Total  Nitrogen 

I 

- As  Alkalinity — 

11 

Av. 

Total 

Nitrogen 

% 

% 

% 

% 

Sample  A 

3.18 

3.15 

3.17 

6.71 

Sample  B 

2.57 

2.59 

2.58 

6.85 

Hydrolysis  of  Amido- Amine.  Krieble  and  Holst  (4) 
have  made  a  study  of  the  hydrolysis  of  formamide,  acet¬ 
amide,  and  propionamide  under  the  influence  of  high  con¬ 
centration  of  hydrochloric  acid  and  sulfuric  acid.  They 
found  that  each  amide  has  a  maximum  velocity  of  hydrolysis 
at  one  particular  acid  concentration.  The  acid  concentration 
is  not  the  same  for  different  amides.  Krieble  and  Holst  also 
note  that  sulfuric  acid  is  the  better  catalyst  before  and  hydro¬ 
chloric  acid  after  the  maximum  velocity  is  reached.  The 
maximum  velocity  constant,  K,  for  hydrochloric  acid  was 
somewhat  better  than  for  sulfuric  acid.  Thus,  in  the  case  of 
formamide,  K  for  hydrochloric  acid  was  1.84  at  6  molal  and 
1.74  for  sulfuric  acid  at  5.0  molal.  They  also  state  that  for 
the  same  acid  concentration  the  velocity  constants  were 
about  the  same,  even  though  the  amide  concentration  varied 
from  0.05  to  0.8  mole. 

Hopper,  MacGregor,  and  Wilson  (3)  have  studied  the 
hydrolysis  of  certain  arylamides  used  as  dye  intermedi¬ 
ates  such  as  2,4-dimethoxyanilide  or  2-hydroxy-3-naphthoic 
acid.  They  hydrolyzed  by  boiling  for  about  6  hours  with 
alkalies,  using  either  32  grams  of  potassium  hydroxide  dis¬ 
solved  in  200  ml.  of  alcohol  or  50  grams  of  an  organic  base 
such  as  ethylenediamine  or  mono-,  di-,  and  triethanolamine, 
per  15  to  20  grams  of  the  sample.  In  the  present  experi¬ 
ments,  while  no  extensive  tests  were  made  to  determine  the 
optimum  condition  for  hydrolysis,  the  following  qualitative 
results  were  obtained:  Little  or  no  decomposition  seems  to 
have  taken  place  with  ethylenediamine  even  after  boiling 
for  10  hours,  since  no  fatty  matter  could  be  extracted,  after 
acidifying  the  solution.  Sulfuric  acid  because  of  its  high 
volatility  would  interfere  with  the  subsequent  steps  in  the 
procedure.  The  best  results  were  obtained  with  6  N  hydro¬ 
chloric  acid — 12  N  produced  excessive  foaming  and  was  not 
practical  and  1.5  N  and  3  N  were  much  slower,  when  judged 
by  the  time  it  took  for  the  fatty  matter  to  separate  in  a  clear 
oil  layer.  After  about  20  hours  of  boiling  with  6  N  hydro¬ 
chloric  acid,  the  hydrolysis  was  practically  complete,  since 
the  extracted  fatty  matter  showed  only  traces  of  nitrogen. 


Table  III. 

Total  Fatty  Acids 

I 

II 

Av. 

Calculated 

% 

% 

% 

% 

Sample  A 

79.8 

80.0 

79.7 

79.62 

Sample  B 

88.1 

87.8 

87.9 

87.63 

Equation  1.  The  condensed  amine  in  the  equation  was  cal¬ 
culated  from  the  total  nitrogen  of  the  amido-amine  and  the 
formulas  of  the  amines  were  used  in  the  condensation.  The 
differences  between  the  experimental  results  and  the  calculated 
values  are  evidently  within  the  experimental  error. 

Equation  1  may  be  used  to  check  the  accuracy  of  the  nitro¬ 
gen  determination  as  alkalinity,  since  all  the  terms  may  be 
determined  experimentally.  Upon  substituting  in  the  for¬ 
mula  the  results  obtained  for  the  fatty  acids,  condensed  amine, 
and  total  nitrogen,  the  nitrogen  as  alkalinity  wras  calculated; 
the  results  were  in  good  agreement  with  the  determined  values. 


Table  IV.  Condensed  Amine 


Sample  A 
Sample  B 


From  Based  on 

Equation  1  Total  Nitrogen 

%  % 


24.7  24.9 

17.6  17.9 


The  fatty  acids  obtained  from  sample  B  gave  the  normal 
tests  for  stearic  acid.  The  fatty  acids  from  sample  A,  how¬ 
ever,  though  liquid  at  room  temperatures,  gave  low  results — 
namely,  iodine  number  of  63.5,  acidity  number  of  177.8,  and 
saponification  value  of  188.5,  compared  with  86,  194,  and 
198,  respectively,  for  the  oleic  acid  used  in  making  the  prod¬ 
uct.  The  low  values  may  probably  be  attributed  to  the  addi¬ 
tion  of  hydrochloric  acid  to  the  double  bond  during  the 
decomposition  of  the  amido-amine.  This  phase  of  the  prob¬ 
lem,  however,  was  not  further  investigated. 

Condensed  Amine.  Since  the  nature  of  the  amines  in 
these  samples  wras  known,  it  was  possible  to  check  the  amines 
calculated  from  Equation  1  against  the  amine  calculated  from 
the  total  nitrogen.  The  results  are  in  good  agreement,  as 
shown  in  Table  IV. 


Table  V.  Probable  Composition  of  Samples  A  and  B 


Sample  A 

Sample  B, 

Mixture  A 

Found 

Calcd. 

Found 

Calcd. 

% 

% 

% 

% 

Fatty  acids 

79.9 

80.2 

87.9 

87.7 

Total  nitrogen 

6.71 

6.73 

6.85 

6.86 

Nitrogen  as  alkalinity 

3.17 

3.18 

2.58 

2.54 

Probable  Composition  of  Samples  A  and  B.  A  simple 
calculation  from  the  data  obtained  for  sample  A,  in  which, 
however,  the  possible  presence  of  esterified  diamide  and  the 
ester  diamine  was  disregarded,  indicates  that  the  sample 
probably  contains  the  following  mixture: 

RCONHC2H4NH.C2H4OH  71.4% 

RCONHC2H4NH.C2H4OOCR  20.7% 

RCONHC2H4N.C2H4OH(OCR)  7.9% 

where  R  represents  the  oleic  acid  residue.  In  the  case  of 
sample  B,  the  data  correspond  to  a  mixture  of  40  per  cent  of 
the  diamide  and  60  per  cent  of  the  triamide  (mixture  A), 
although  several  other  mixtures  are  possible — for  example, 
50  per  cent  of  the  diamide,  30  per  cent  of  the  triamide,  and 
20  per  cent  of  the  tetraamide.  In  Table  V  are  given  the 
fatty  acids  and  the  nitrogen  contents  actually  found  and  the 
values  calculated  for  the  probable  mixtures. 


Total  Fatty  Acids.  In  extracting  the  fatty  acids,  it 
was  found  impractical  to  wash  the  solvent  layer  free  from 
hydrochloric  acid  because  of  the  formation  of  troublesome 
emulsions,  probably  due  to  traces  of  the  amido-amine.  How¬ 
ever,  any  hydrochloric  acid  remaining  in  the  solvent  layer  is 
readily  volatilized  upon  heating  the  residue  to  constant  weight, 
as  showm  by  the  fact  that  when  dissolved  in  alcohol,  the 
residue  wras  neutral  to  phenolphthalein,  and  when  dissolved 
in  water  and  acetic  acid,  the  test  for  chlorides  was  negative. 
The  yields  of  fatty  acids  compared  with  the  calculated  values 
are  given  in  Table  III.  The  fatty  acids  were  calculated  by 
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Estimation  of  o-Nitrophenol  in  p-Nitrophenol 
and  o-Aminophenol  in  p-Aminophenol  by 
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A  method  is  reported  for  the  estimation  of 
1  per  cent  or  less  of  o-nitrophenol  in  p- 
nitrophenol,  or  of  o-aminophenol  in  p- 
aminophenol.  The  nitrophenol  is  reduced 
to  aminophenol  and  the  latter  is  made  to 
react  with  benzoic  acid.  A  fluorescence  is 
produced  as  a  by-product  of  the  formation 
of  phenylbenzoxazole  from  o-aminophenol, 
which  is  not  produced  by  m-  or  p-ainino- 
phenol.  By  matching  the  fluorescence 
against  standards,  as  little  as  0.05  per  cent 
of  the  ortho  compounds  can  be  detected. 

A  METHOD  was  needed  for  the  estimation  of  low  con¬ 
centrations  of  o-nitrophenol  (less  than  1  per  cent)  in  p- 
nitrophenol,  and  of  o-aminophenol  in  p-aminophenol.  The 
literature  contains  a  few  references  to  properties  whereby  o- 
nitrophenol  may  be  separated  or  distinguished  from  p-nitro- 
phenol. 

Karrer  and  Nielsen  reported  the  chromatographic  separation 
of  o-  from  to-  and  p-nitrophenol  (/,  8).  Bischoff  and  von  Heden- 
strom  reported  that  to-  and  p-nitrophenol  each  react  with  di- 
phenyloxalate  to  form  the  dinitrophenyl  ester  of  oxalic  acid,  but 
o-nitrophenol  does  not  ( 1 ).  Shikata  and  Hozaki  (11)  and  Shikata 
and  Watanabe  (12)  made  a  polarographic  study  of  o,  to-,  and  p- 
nitrophenol.  Lecomte  studied  the  infrared  absorption  spectra  of 
these  compounds  (9) . 

A  well-known  method  for  separating  o-nitrophenol  from  p- 
nitrophenol  in  the  products  of  nitration  of  phenol  is  to  steam- 
distill  the  mixture.  o-Nitrophenol  distills  over  without  any 
considerable  contamination  of  p-nitrophenol.  For  low  concentra¬ 
tions  of  o-nitrophenol  in  the  presence  of  considerable  p-nitro¬ 
phenol,  however,  sufficient  of  the  para  derivative  does  distill  over 
so  that  a  mere  determination  of  the  total  nitrophenol  in  the  dis¬ 
tillate  will  lead  to  high  values  for  o-nitrophenol.  Hoeffake 
reported  a  method  for  the  determination  of  o-nitrophenol  in  p- 
nitrophenol  which  involves  a  preliminary  steam  distillation  to 
separate  the  ortho  from  the  para  isomer  (4).  Although  this 
method  is  reported  as  satisfactory  for  concentrations  of  o-nitro- 
phenol  of  the  order  of  8  to  10  per  cent,  it  probably  would  not  be 
satisfactory  for  concentrations  of  less  than  1  per  cent  with  which 
the  method  described  here  deals. 

No  method  seems  to  have  been  reported  for  the  estimation  of 
low  concentrations  of  o-aminophenol  in  p-aminophenol.  Horn 
has  reported  that  Fehling’s  solution  will  precipitate  very  diffi¬ 
cultly  soluble  copper  complexes  from  aqueous  solutions  of  o- 
aminophenol  and  its  aliphatic  Ar-alkyl  derivatives,  but  not  from 
solutions  of  to-  and  p-aminophenol  and  their  derivatives  (o). 
He  does  not,  however,  give  any  data  concerning  a  possible  quan¬ 
titative  application  of  this  test.  Pestemer  and  Flaschka  have 
studied  the  ultraviolet  absorption  of  o-,  m-,  and  p-aminophenol 
(10). 

An  attempt  was  made  to  devise  a  method  based  upon  the 
fact  that  o-aminophenols  react  with  carboxylic  acids  or  their 
anhydrides  to  form  benzoxazole  derivatives,  whereas  m-  and 
p-aminophenols  do  not.  By  reducing  the  nitrophenol  to 
aminophenol  and  reacting  the  latter  with  a  carboxylic  acid,  it 
was  hoped  that  the  benzoxazole  which  was  formed  could  be 
determined  gravimetrically  as  a  measure  of  the  o-nitrophenol. 


This  did  not  prove  to  be  feasible.  It  was  found,  however, 
that,  with  either  acetic  or  benzoic  acid,  a  fluorescence  is  pro¬ 
duced  in  the  course  of  the  reaction  which  can  be  seen  after 
removing  obscuring  colors.  This  could  be  obtained  in  solu¬ 
tion  in  benzene.  p-Nitrophenol  does  not  produce  any  fluo¬ 
rescence.  m-Nitrophenol  also  should  produce  no  fluorescence 
(as  indicated  by  the  failure  of  m-amino phenol  to  produce  any). 
The  intensity  of  the  fluorescence  can  be  used  as  a  measure  of 
the  concentration  of  o-nitrophenol  or  o-aminophenol  by 
matching  against  standards  prepared  from  known  mixtures  of 
o-  and  p-nitrophenol,  or  o-  and  p-aminophenol.  These  stand¬ 
ards  maintain  their  fluorescence  without  obvious  change  for 
a  period  of  weeks. 

The  fluorescence  is  not  a  property  of  the  benzoxazole,  but 
rather  of  accompanying  by-products.  Phenylbenzoxazole, 
prepared  from  benzoyl  chloride  and  o-aminophenol,  lost  all  its 
fluorescence  when  it  was  recrystallized  sufficiently. 

This  work  was  confined  to  concentrations  of  from  0.0  to  1 
per  cent  of  o-nitrophenol  or  o-aminophenol.  Starting  with 
nitrophenol,  it  was  possible  to  distinguish  0.05  per  cent  of  o- 
nitrophenol  from  pure  p-nitrophenol  and  from  0.1  per  cent  of 
o-nitrophenol;  0.25  per  cent  from  0.1  per  cent  and  from  0.5 
per  cent;  and  0.5  per  cent  from  1.0  per  cent.  Closer  estima¬ 
tions  were  not  tried.  Starting  with  aminophenol,  it  was  pos¬ 
sible  to  distinguish  each  of  the  members  of  the  series  0.0,  0.05, 
0.1,  0.2,  0.3,  0.4,  and  0.5  per  cent  from  the  preceding  and  the 
following  member.  No  attempt  was  made  to  make  the 
method  more  precise  or  to  distinguish  concentrations  be¬ 
tween  0.0  and  0.05  per  cent. 

Method  for  Nitrophenol 

The  nitrophenol  sample  is  boiled  with  zinc  and  hydrochloric 
acid  to  reduce  it  to  aminophenol.  The  solution  is  extracted  with 
ether,  after  adjusting  it  to  a  pH  of  about  5.1,  so  as  to  extract  as 
much  of  the  o-aminophenol  and  as  little  of  the  p-aminophenol  as 
possible.  The  residue,  after  evaporating  the  ether,  is  fused  with 
benzoic  acid,  which  is  then  taken  up  in  aqueous  ammonia,  from 
which  the  fluorescent  material  is  removed  by  means  of  benzene. 
The  fluorescent  benzene  solution  is  matched  against  standards 
which  are  prepared  by  treating  synthetic  mixtures  containing 
known  concentrations  of  o-nitrophenol  in  p-nitrophenol.  (The 
latter  is  added  in  order  to  be  sure  that  the  fluorescence  in  the 
standards  will  be  accompanied  by  such  colored  by-products  as 
will  be  present  in  the  sample.) 

Reagents.  p-Nitrophenol  used  for  making  up  standards  with 
o-nitrophenol  was  a  recrystallized  product  which  sintered  at 
112.5°  C.  (corrected)  and  melted  at  113.5-114°  C.  (corrected). 
The  freezing  point  was  113.37°  C.  (corrected). 

Since  the  melting  range  of  the  p-nitrophenol  did  not  preclude 
the  possibility  that  a  trace  of  o-nitrophenol  might  be  present  and 
so  falsify  the  conclusions  concerning  the  sensitivity  of  the  method, 
a  small  quantity  of  p-nitrophenol  which  would  be  free  of  o-nitro- 
phenol  was  synthesized  by  condensing  nitromalonic  dialdehyde 
with  acetone  (3).  The  nitromalonic  dialdehyde  was  prepared 
through  the  bromomuconic  acid  (2),  which  in  turn  was  prepared 
by  the  action  of  bromine  upon  furfural  (13). 

o-Nitrophenol  was  a  recrystallized  product  which  melted  con¬ 
stantly  at  44.8^5.3°  C.  (corrected)  and  had  a  freezing  point  of 
44.88°  C.  (corrected). 

Procedure  for  Development  of  Fluorescence.  Boil  1.3 
grams  of  nitrophenol  under  a  reflux  condenser  for  15  minutes  with 
125  ml.  of  water,  30  ml.  of  concentrated  hydrochloric  acid,  and  5 
grams  of  zinc  dust.  Cool  the  mixture  and  filter  off  the  unreacted 
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zinc.  Wash  with  three  10-ml.  portions  of  water.  Treat  the 
solution  first  with  about  15  ml.  of  concentrated  ammonium  hy¬ 
droxide  and  finally  dropwise  with  about  2  per  cent  ammonium 
hydroxide  until  the  pH  is  about  5.1.  This  adjustment  is  not  very 
critical,  so  that  it  is  sufficient  to  make  the  solution  alkaline  to 
Congo  red  paper  and  only  faintly  alkaline  to  red  litmus  paper. 
At  this  stage,  no  precipitation  of  zinc  hydroxide  will  occur  unless 
too  much  ammonia  (but  insufficient  to  redissolve  the  precipi¬ 
tated  zinc  hydroxide)  has  been  added.  If  necessary,  readjust 
the  alkalinity  to  the  proper  point  by  means  of  dilute  hydrochloric 
acid.  Cool  the  solution  to  room  temperature  and  extract  with 
three  25-ml.  portions  of  ether.  This  procedure  causes  the  ex¬ 
traction  of  all  or  most  of  the  o-aminophenol  with  little  of  the  p- 
amino phenol.  Wash  the  ether  extracts  twice  with  5-pal.  por¬ 
tions  of  water  and  evaporate  just  to  dryness  in  a  100-ml.  beaker. 
The  evaporation  should  be  carried  out  as  rapidly  as  possible  on  a 
steam  bath  in  order  to  prevent  the  formation  of  an  adherent  skin 
which  cannot  be  mixed  properly  with  the  benzoic  acid  in  the  next 
step  of  the  procedure.  Continue  the  analysis  without  delay  in 
order  to  avoid  oxidation. 

Scrape  the  residue  as  completely  as  possible  from  the  bottom 
and  sides  of  the  beaker  with  a  spatula  and  mix  it  thoroughly  in 
the  beaker  with  5  grams  of  sublimed  benzoic  acid.  Immerse  the 
covered  beaker  in  an  oil  bath  heated  to  155-160°  C.  After  the 
contents  have  melted,  continue  to  heat  for  15  minutes.  (Un¬ 
controlled  heating  may  lead  to  the  formation  of  carbonaceous 
matter  which  is  accompanied  by  the  production  of  undesirable 
color.)  Remove  the  beaker  and  allow  its  contents  to  cool  to 
room  temperature.  Rub  the  melt  with  alternate  portions  of 
concentrated  ammonium  hydroxide  and  water  by  means  of  a 
flattened  glass  rod  until  all,  or  practically  all,  has  dissolved  to 
form  a  blue  solution.  Extract  twice  with  25-ml.  portions  of  ben¬ 
zene.  Treat  the  combined  benzene  extracts  repeatedly  with  10- 
ml.  portions  of  1  per  cent  sodium  hydroxide  solution  until  the 
alkali  removes  practically  no  more  blue  color  from  the  benzene, 
and  then  with  water  until  the  washings  are  neutral  to  litmus 
paper.  Place  the  washed  benzene  extract  in  a  test  tube  (150  X 
25  mm.)  and  compare  the  fluorescence  (as  described  below)  with 
that  of  a  series  of  standards  which  have  been  prepared  from  syn¬ 
thetic  mixtures  of  o-nitrophenol  and  p-nitrophenol,  with  the 
former  present  in  concentrations  ranging  from  0  to  0.5  per  cent. 

Matching  Fluorescence  against  Standards.  A  fairly 
good  comparison  may  be  made  by  the  use  of  an  ordinary  desk 
lamp,  shielding  the  eyes  from  the  direct  light  of  the  lamp  and 
allowing  it  to  shine  against  the  sides  of  the  test  tubes.  The 
tubes  are  held  vertically,  with  the  bottom  of  the  tubes  on  a 
dark  background,  and  looked  into  from  above. 

A  more  sensitive  method  of  comparison  involves  the  use  of 
some  more  intense  source  of  ultraviolet  rays  such  as  an  argon 
bulb,  the  light  from  which  is  passed  through  an  appropriate 
filter  in  order  to  remove  most  of  the  visible  rays.  The  com¬ 
parison  is  carried  out  in  a  dark  room  by  holding  the  tubes  in  a 
rack  at  arm’s  length  and  slightly  above  the  eyes,  and  placing 
the  lamp  beneath  the  tubes.  This  procedure  gives  better 
results,  particularly  because  the  presence  of  some  red  color 
in  the  solutions  from  commercial  samples  of  p-nitrophenol 
does  not  obscure  the  fluorescence  as  it  tends  to  when  ordinary 
lighting  is  used.  With  this  technique  two  observers  inde¬ 
pendently  arranged  in  proper  order  the  series  of  standards: 
0.0,  0.05,  0.1,  0.2,  0.3,  0.4,  and  0.5  per  cent  o-aminophenol. 
With  an  ordinary  electric  bulb  one  observer  reversed  the  0.1 
and  0.2  per  cent  standards. 

Variations  of  Procedure.  The  first  attempt  in  this 
work  was  prompted  by  the  thought  that  it  should  be  possible 
to  convert  o-nitrophenol  to  phenylbenzoxazole  by  melting  it 
with  benzoic  acid  in  the  presence  of  zinc  dust,  thus  carrying 
out  the  reduction  to  aminophenol  and  the  condensation  to 
benzoxazole  in  one  step,  and  to  isolate  and  weigh  the  ben- 
zoxazole.  With  pure  o-nitrophenol,  the  molten  reaction  mix¬ 
ture,  after  treatment  with  ammonia,  yielded  an  ether  extract 
which,  upon  evaporation,  gave  approximately  the  theo¬ 
retical  weight  of  crystals  which  melted  at  98-101°  C.,  with 
previous  sintering  at  about  86°  C.  [phenylbenzoxazole  which 
was  prepared  in  this  laboratory  melted  at  100.1-100.8°  C. 
(corrected)].  The  ether  solution  exhibited  a  greenish-yellow 
fluorescence.  p-Nitrophenol  similarly  treated,  however, 


yielded  a  considerable  noncrystalline  residue,  so  that  a  gravi¬ 
metric  method  could  not  be  used  to  estimate  the  ortho  isomer. 

The  use  of  a  considerably  larger  sample  of  nitrophenol  than 
that  described  in  the  procedure,  in  an  attempt  to  increase  the 
intensity  of  fluorescence,  resulted  in  the  production  of  con¬ 
siderable  reddish  impurities  which  tended  to  obscure  the 
fluorescence. 

Reduction  of  o-nitrophenol  by  means  of  zinc  in  the  presence 
of  glacial  acetic  acid,  in  place  of  benzoic  acid,  also  resulted  in 
the  formation  of  a  greenish-yellow  fluorescence  which  could  be 
extracted  with  ether  after  rendering  the  zinc  soluble  with  a 
considerable  excess  of  sodium  hydroxide.  This  procedure 
did  not  give  as  intense  a  fluorescence,  however,  as  the  proce¬ 
dure  with  benzoic  acid. 

Although  ether  and  benzene  both  bring  out  the  fluorescence, 
benzene  probably  better  than  ether,  alcohol  diminishes  it. 

Sensitivity  of  Method.  The  lowest  concentration  of 
o-nitrophenol  which  was  tried  was  0.05  per  cent  in  admixture 
with  p-nitrophenol.  This  gave  a  definite  fluorescence  which 
could  be  distinguished  with  no  difficulty  from  the  nonfluores- 
cent  solution  obtained  with  the  p-nitrophenol  itself.  It  was 
not  certain,  however,  that  the  p-nitrophenol  was  entirely  free 
from  traces  of  o-nitrophenol.  In  order  to  establish  definitely 
that  the  method  would  detect  0.05  per  cent  of  o-nitrophenol, 
analyses  were  made  with  the  synthetic  p-nitrophenol  known 
to  be  free  of  the  ortho  isomer,  and  with  the  same  p-nitrophenol 
to  which  0.05  per  cent  of  o-nitrophenol  had  been  added.  No 
fluorescence  was  obtained  with  the  former,  whereas  the  latter 
caused  a  definite  fluorescence. 

Effect  of  ^-Nitrophenol.  No  mixtures  containing  m- 
nitrophenol  and  o-nitrophenol  were  tried.  However,  m- 
aminophenol  gives  no  fluorescence. 

Modifications  in  Nitrophenol  Method  Applied  to 
Aminophenol 

When  the  fluorescence  method  for  nitrophenol  was  applied 
to  aminophenol  with,  however,  the  omission  of  the  reduction, 
no  difficulty  was  encountered  when  purified  aminophenols 
were  used,  as  was  necessary  for  the  preparation  of  the  stand¬ 
ards.  But  when  this  procedure  was  applied  to  some  commer¬ 
cial  samples  of  p-aminophenol,  such  an  intense  red  coloration 
was  present  in  the  benzene  solution  in  which  the  fluores¬ 
cence  was  to  be  observed,  that  it  was  impossible  to  make  any 
comparison  with  the  standard  solutions.  Several  methods 
were  tried  in  order  to  prevent  the  formation  of  the  interfering 
color,  or  to  remove  it  after  it  was  formed,  without,  at  the  same 
time,  materially  diminishing  the  intensity  of  the  fluorescence. 
This  result  could  be  reached  by  adding  some  new  steps  to  the 
technique. 

Dissolve  1  gram  of  the  aminophenol  in  100  ml.  of  water  with 
3  ml.  of  concentrated  hydrochloric  acid.  Filter  the  solution,  in 
order  to  get  rid  of  some  insoluble  impurities  which  might  tend  to 
produce  colorations,  before  adjusting  the  alkalinity  and  extract¬ 
ing  with  ether.  Then  proceed  as  with  the  nitrophenol  samples 
through  the  extraction  with  benzene.  Shake  the  final  benzene 
extract  with  three  10-ml.  portions  of  hydrochloric  acid  (1  part 
by  volume  of  concentrated  acid  to  2  parts  of  water)  or  until  no 
more  color  is  extracted.  Finally,  if  shaking  with  hydrochloric 
acid  produces  a  dark  coloration  in  the  benzene  extract,  remove 
this  by  washing  once  or  twice  with  ammonium  hydroxide  (1  part 
by  volume  of  concentrated  ammonium  hydroxide  to  1  part  of 
water),  followed  by  subsequent  washing  with  the  dilute  hydro¬ 
chloric  acid.  Before  matching  with  the  standards,  filter  through 
dry  paper  to  remove  any  turbidity  caused  by  moisture.  This 
treatment  removed  only  a  negligible  proportion  of  the  fluores¬ 
cence— for  example,  a  0.1  per  cent  standard  after  treatment 
could  be  distinguished  from  an  untreated  0.05  per  cent  standard. 
But,  if  desired,  the  same  treatment  could  be  applied  to  the  stand¬ 
ards,  thus  preventing  the  treatment  from  affecting  the  o-amino¬ 
phenol  values. 

Several  other  methods  for  removing  the  interfering  coloring 
matter  were  tried,  but  none  was  successful.  Boiling  the  ben- 
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zene  extract  with  bone  black  removed  the  color,  but  also,  at 
the  same  time,  the  fluorescence.  Boiling  the  aqueous  amino- 
phenol  solution  with  zinc  and  hydrochloric  acid  to  simulate 
the  conditions  of  the  nitrophenol  analysis  did  not  help;  nor 
did  treatment  with  sodium  bisulfite.  Treatment  of  the  hot 
hydrochloric  acid  solution  of  the  aminophenol  with  bone 
black  caused  loss  of  fluorescence.  Treatment  in  the  cold  did 
did  not  remove  the  color. 

Reagents.  o-Aminophenol  was  a  recrystallized  product 
which  melted  at  174.3-176.0°  C.  (corrected)  with  some  darken¬ 
ing,  and  at  175.4-176.2°  C.  (corrected)  when  the  melting  point 
was  taken  from  a  bath  which  had  been  heated  to  within  a  few 
degrees  of  the  melting;  point  before  the  capillary  containing  the 
sample  was  immersed  in  the  bath. 

p-Aminophenol  was  recrystallized  twice  from  a  1  per  cent 
aqueous  sodium  bisulfite  solution.  When  the  melting  points  of 
the  samples  from  each  recrystallization  were  taken  simultane¬ 
ously  in  a  bath  which  had  been  heated  to  about  180°  C.,  before 
the  capillaries  were  immersed,  and  with  fairly  rapid  heating  (to 
minimize  decomposition),  the  products  from  both  recrystalliza¬ 
tions  melted  at  188-189°  C.  (corrected),  with  decomposition. 

m-Aminophenol  was  recrystallized  twice  from  toluene  to  a 
melting  point  of  124.4-125.2°  C.  (corrected),  which  did  not 
change  upon  an  additional  recrystallization  from  alcohol. 

Origin  of  Fluorescence 

Phenylbenzoxazole  was  prepared  by  reacting  o-amino- 
phenol  with  benzoyl  chloride  according  to  the  method  of  Hub- 
ner  ( 6 ) : 

CeHsCOCl  +  NH2.CeH4.OH  - ^  CeHeCf  >C6H4  + 

XCK  HC1  +  H20 

The  crude  product  had  a  reddish-brown  fluorescence  in 
benzene.  When  the  substance  was  recrystallized  once  from 


alcohol  and  twice  from  acetone  to  a  constant  melting  point 
of  100.1-100.8°  C.  (corrected),  the  fluorescence  (now  green  in¬ 
stead  of  reddish  brown)  became  progressively  fainter  and  was 
barely  perceptible  in  the  final  constant-melting  material. 
An  additional  recrystallization  from  a  petroleum  hexane  cut 
(boiling  point  60°  to  70°  C.)  did  not  change  the  melting  point 
but  did  remove  the  last  very  faint  traces  of  fluorescence. 
After  standing  for  16  months,  the  sample  still  exhibited  no 
fluorescence  in  benzene. 

It  is  evident  that  the  fluorescence  is  caused  by  a  by-product 
of  the  benzoxazole  condensation  and  is  not  a  property  of  the 
benzoxazole  itself. 
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Colorimetric  Determination  of  Cobalt 
with  Beta-Nitroso-Alpha-Naphthol 

JOHN  H.  YOE  AND  CHARLES  J.  BARTON1,  University  of  Virginia,  Charlottesville,  Va. 


ILINSKI  (5)  reported  in  1884  that  a-nitroso-/3-naphthol 
and  /3-nitroso-a-naphthol  give  reddish-brown  slightly 
soluble  precipitates  with  cobalt  salts.  In  the  same  year 
Hoffmann  (4)  was  issued  a  German  patent  in  which  he  de¬ 
scribed  work  done  in  1883  on  the  reaction  between  cobalt  and 
the  nitrosonaphthols.  A  little  later,  Ilinski  and  von  Knorre 
(6)  reported  the  use  of  a-nitroso-/3-naphthol  for  the  separation 
of  cobalt  from  nickel.  This  method  of  separation  has  been 
widely  employed.  Either  the  a,/3  or  the  (3, a  compound  may 
be  used;  but  until  recently  these  reagents  have  been  em¬ 
ployed  merely  as  precipitants,  since  the  cobalt  compounds 
precipitated  in  acetic  acid  solutions  do  not  have  the  theoretical 
composition.  In  1932,  Mayr  and  Feigl  (S)  converted  cobalt 
to  the  trivalent  state  before  precipitating,  and  obtained  a 
pure  cobalt  (IH)-nitrosonaphtholate  which  could  be  dried 
and  weighed  directly. 

The  sodium  salt  of  the  a,/3  compound  has  been  used  for 
the  colorimetric  determination  of  cobalt  by  Atack  (I)  and 
Jones  (7).  Apparently  the  j 3, a  compound  has  received  very 
little  attention,  although  Sarver  (9)  has  recently  used  its 
4-sulfonic  acid  derivative  for  the  detection  of  cobalt,  copper, 
and  ferrous  iron.  Bellucci  (S)  reported  that  1  mg.  of  cobalt 
in  about  17  liters  of  solution  can  be  detected  colorimetrically 

1  Present  address,  National  Aluminate  Corporation,  6216  W.  66th  Place, 
Chicago,  Ill. 


by  means  of  the  (3, a  compound  as  compared  to  1  mg.  in  1  to 
2  liters  with  the  a, (3  compound.  The  present  study  was 
made  to  determine  the  value  of  /3-nitroso-a-naphthol  as  a 
colorimetric  reagent  for  cobalt,  the  optimum  conditions  for 
its  use,  and  the  influence  of  ions  most  likely  to  interfere. 

Apparatus  and  Reagents 

All  transmission  measurements  were  made  with  the  photo¬ 
electric  spectrophotometer  described  by  Barton  and  Yoe  (2). 
The  absorption  cells  have  an  internal  thickness  of  10  mm.  The 
transmission  values  reported  are  on  the  basis  that  the  transmis¬ 
sion  of  the  absorption  cells  filled  with  water  is  100.0  per  cent. 

The  /3-nitroso-a-naphthol  was  obtained  from  the  Eastman 
Kodak  Company.  The  solid  darkened  at  156°  and  melted  at  161- 
163°  C.  An  aqueous  solution  of  the  sodium  salt  of  the  compound 
was  prepared  according  to  the  directions  of  Atack  ( 1 )  for  the 
preparation  of  the  sodium  salt  of  the  a,/3  compound.  One-tenth 
gram  of  the  reagent  was  mixed  with  20  ml.  of  water,  1  ml.  of 
molar  sodium  hydroxide  was  added,  and  the  solution  was  heated 
until  the  compound  completely  dissolved  and  then  diluted  to 
200  ml.  The  resulting  0.05  per  cent  solution  is  red,  but  when 
diluted  to  the  concentration  ordinarily  employed — i.  e.,  0.0015 
per  cent — it  is  yellow  with  a  slight  reddish  tinge.  The  reagent 
prepared  in  this  way  is  stable  for  several  weeks. 

A  standard  stock  solution  of  cobalt  was  made  by  dissolving 
4.938  grams  of  cobalt  nitrate  hexahydrate  in  enough  water  to 
make  500  ml.  This  solution,  containing  2.000  grams  of  Co++  per 
liter,  was  diluted  to  10  p.  p.  m.  and  the  dilution  employed  in  the 
preparation  of  more  dilute  solutions  as  required. 
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Figure  1.  Transmission-Wave  Length  Curve  for 
Reagent  and  Cobalt-Reagent  Solutions 


Ammonium  citrate  solutions  were  prepared  according  to  Snell 
and  Snell  (10)  and  contained  approximately  0.6  gram  of  the  salt 
per  ml. 

All  other  salts  used  were  either  reagent  grade  or  c.  p. 

An  approximately  3  M  ammonia  solution  was  made  by  diluting 
100  ml.  of  concentrated  ammonium  hydroxide  to  500  ml. 

Optimum  Conditions  for  Measurements 

Wave  Length.  Transmission  measurements  were  made 
at  different  wave  lengths  on  reagent  solutions  and  on  cobalt- 
nitrosonaphtholate  solutions  in  order  to  determine  the  wave 
length  at  which  a  maximum  of  sensitivity  and  a  minimum  of 
interference  from  the  reagent  are  obtained.  Figure  1  show’s 
the  transmission  curves  for  a  0.001  per  cent  reagent  solution 
(I),  for  a  0.001  per  cent  reagent  solution  containing  1.0  p.  p.  m. 
of  Co++  (II),  and  the  same  concentration  of  reagent  with 
a  large  excess  of  Co++  (III).  All  three  solutions  contained 
5.0  ml.  of  ammonium  citrate  and  5.0  ml.  of  3  M  ammonia  in 
100  ml.  of  solution.  It  is  apparent  that  the  maximum  differ¬ 
ence  between  transmission  of  reagent  solution  and  cobalt- 
nitrosonaphtholate  solutions  occurs  at  525  and  550  m /x, 
respectively.  Since  the  absorption  of  the  reagent  solution  is 
considerably  less  at  550  m/z  than  at  525  m/z,  the  former 
wave  length  was  chosen  for  transmission  measurements  in¬ 
volving  transmission  changes  at  only  one  wave  length. 

Concentration  of  Reagents.  Two  milliliters  of  0.05  per 
cent  solution  were  used  for  100  ml.  of  1  p.  p.  m.  Co++  solution 
in  the  preliminary  tests.  This  amount  is  slightly  in  excess 
of  the  3  to  1  ratio  required  for  the  inner  complex  cobalt  (III) 
salt 


O— Co/3 


It  was  found,  however,  that  there  is  a  steady  decrease  in 
the  transmission  of  the  solutions  at  550  m/z  for  about  25 


minutes  after  mixing  the  reagents.  The  transmission  is  then 
fairly  constant  for  several  hours,  until  precipitation  starts. 
When  the  concentration  of  reagent  was  increased  to  3.0  ml. 
of  0.05  per  cent  solution  in  100  ml.  of  1  p.  p.  m.  Co++  solution, 
the  transmission  at  550  m/z  became  constant  to  within  0.1 
or  0.2  per  cent  in  10  minutes  or  less  after  mixing  the  reagents. 

Early  in  the  investigation  it  became  apparent  that  one  of 
the  principal  disadvantages  of  the  method  is  the  pronounced 
influence  of  the  ammonia  concentration.  The  absorption 
of  the  cobalt-nitrosonaphtholate  solutions  at  550  m/z  de¬ 
creases  markedly  with  increase  in  the  concentration  of  am¬ 
monia. 


Figure  2.  Effect  of  Ammonia  Concentration  on  Trans¬ 
mission  of  1  p.  p.  m.  of  Cobalt-Reagent  Solutions 


Figure  2  shows  the  effect  of  a  large  increase  in  ammonia 
concentration  on  the  transmission  of  a  1  p.  p.  m.  cobalt  solu¬ 
tion  containing  3.0  ml.  of  reagent  solution  and  5.0  ml.  of  am¬ 
monium  citrate  solution  in  100  ml.  The  ammonia  concentra¬ 
tion  chosen  for  work  with  1  p.  p.  m.  cobalt  solutions — i.  e., 
5  ml.  of  3  M  ammonia  in  100  ml.  of  solution — represents  a 
compromise  between  two  factors:  sensitivity  and  stability. 
If  the  concentration  of  ammonia  is  increased,  the  sensitivity 
is  reduced;  if  the  concentration  is  decreased,  precipitation  of 
cobalt-nitrosonaphtholate  starts  more  quickly.  Solutions 
containing  the  above-mentioned  amount  of  ammonia  and  1 
p.  p.  m.  or  less  of  cobalt  are  stable  for  several  hours.  An  in¬ 
crease  in  the  absorption  at  550  m/z  results  when  the  complex 
cobalt  salt  begins  to  precipitate.  In  view  of  the  instability 
of  the  cobalt-nitrosonaphtholate  solutions  at  low  ammonia 
concentrations,  it  seems  advisable  to  make  up  fresh  standards 
daily,  if  determinations  are  made  by  the  standard  series 
method.  For  accurate  spectrometric  and  colorimetric  work, 
frequent  checks  should  be  made  on  freshly  prepared  standard 
solutions. 

Wide  variations  in  the  concentration  of  ammonium  citrate 
have  very  little  influence  on  the  transmission  of  the  cobalt 
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complex  solutions  at  550  mp.  The  change  from  0.6  to  4.8 
grams  of  ammonium  citrate  per  100  ml.  of  1  p.  p.  m.  cobalt 
in  the  cobalt-nitrosonaphtholate  solution  changed  the  trans¬ 
mission  only  0.5  per  cent.  Ammonium  tartrate  gave  similar 
results. 


Figure  3.  Transmission-Wave  Length  Curves  for 
Nickelous  Solutions 


The  ammonium  citrate  serves  to  prevent  the  precipitation 
of  small  amounts  of  iron  and  certain  other  metals  from  the 
alkaline  solutions.  It  also  buffers  the  cobalt-nitrosonaph¬ 
tholate  solutions  containing  ammonia,  permitting  compara¬ 
tively  large  amounts  of  sodium  hydroxide,  sodium  salts,  or 
ammonium  salts  to  be  added  without  causing  a  large  change 
in  the  transmission  of  the  solutions.  The  transmission  at  550 
mp  of  a  1  p.  p.  m.  Co++  solution  containing  0.1  mole  of 
sodium  hydroxide  per  liter  was  3.2  per  cent  higher  than  that 
of  a  similar  solution  without  the  sodium  hydroxide.  But  in 
the  presence  of  an  equal  amount  of  sodium  chloride,  the  0.1 
molar  sodium  hydroxide  produced  only  0.6  per  cent  increase 
in  the  transmission. 

Order  of  Mixing  Reagents.  The  usual  procedure  followed 
in  preparing  a  cobalt-nitrosonaphtholate  solution  containing  1 
p.  p.  m.  of  cobalt  is  to  mix  10  ml.  of  10  p.  p.  m.  Co++  solution 
with  5.0  ml.  of  the  ammonium  citrate  solution  in  a  100-ml. 
volumetric  flask  and  add  5.0  ml.  of  3  M  ammonia  solution.  The 
solution  is  then  diluted  to  85  or  90  ml.  with  distilled  water,  3.0 
ml.  of  the  0.05  per  cent  reagent  solution  are  added  with  shaking, 
and  the  solution  is  diluted  to  the  mark  and  thoroughly  mixed.  If 
the  ammonia  and  cobalt  solutions  are  mixed  before  adding  the 
ammonium  citrate,  the  absorption  is  much  less  than  when  the 
usual  procedure  is  followed. 

Reproducibility.  To  test  the  reproducibility  of  the  re¬ 
action,  five  solutions  of  the  cobalt  complex  salt  were  pre¬ 
pared  by  the  above  procedure  and  the  transmission  was 
measured  at  550  mp.  The  average  deviation  from  the  mean 
transmission  was  0. 1  per  cent. 


Interference  of  Cations 

It  is  frequently  desirable  to  determine  colorimetrically  the 
concentration  of  one  ion  in  the  presence  of  another.  The 
possibility  of  determining  cobalt  in  the  presence  of  several  of 
the  common  metallic  ions  was  studied. 

Nickelous  Ions.  The  interference  of  nickelous  ions  is 
readily  apparent  from  Figure  3.  Curve  I  represents  a  solution 
containing  50  mg.  of  Ni++,  5.0  ml.  of  ammonium  citrate  solu¬ 
tion,  and  5.0  ml.  of  3  M  ammonia  solution  in  100  ml.  The 
solution  for  curve  II  is  the  same  as  for  I  except  that  it  also 
contained  5.0  ml.  of  reagent.  The  solution  for  III  is  the  same 
as  II  except  that  it  contained  1.0  p.  p.  id.  of  Co++  in  addition 
to  the  other  substances.  The  difference  in  transmission  be¬ 
tween  solutions  II  and  III  at  550  mp  is  21.5  per  cent,  as 
compared  to  28.8  per  cent  in  the  absence  of  interfering  ions. 
The  curves  indicate  that  there  is  a  reaction  between  the  nickel¬ 
ous  ions  and  the  reagent. 

Measurements  of  the  transmission  at  550  mp  of  nickel- 
reagent  solutions  at  intervals  after  mixing  the  reagents  showed 
a  change  in  transmission.  The  extent  of  the  change  and  the 
length  of  time  required  for  the  transmission  to  become  con¬ 
stant  depend  on  the  concentration  of  nickelous  ions  and  on 
the  concentration  of  reagent .  present.  Increasing  the  con¬ 
centration  of  reagent  decreases  the  time  required  for  the 
transmission  to  become  constant. 


Figure  4.  Transmission-Wave  Length  Curves  for  Cupric 
Solutions  («,  I;  o,  II) 


Variations  in  the  nickel  content  of  nickel-reagent  solutions 
change  the  transmission  at  550  mp  markedly,  especially  at 
the  lower  nickel  concentrations.  However,  the  same  varia¬ 
tions  in  nickel  content  of  solutions  containing  1.0  p.  p.  m. 
of  Co++  caused  little  or  no  change  in  the  transmission  at 
550  mp.  This  shows  that  for  spectrophotometric  determina¬ 
tions  of  cobalt  it  is  not  necessary  to  know  accurately  the 
nickel  content  of  the  sample. 

Cupric  Ions.  Figure  4  shows  transmission  curves  for  two 
solutions  containing  0.25  mg.  per  ml.  of  cupric  ions.  Solution 
II  also  contained  1.0  p.  p.  m.  of  Co++.  Five  milliliters  of 
reagent  were  used  in  100  ml.  of  each  solution.  The  curves 
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show  that  copper  ions  interfere  to  a  greater  extent  than  nickel 
ions,  since  the  transmission  difference  at  550  m/z  is  14.4  per 
cent,  as  compared  to  23.2  per  cent  for  similar  solutions  con¬ 
taining  0.2  mg.  per  ml.  of  nickelous  ions. 


Figure  5.  Transmission-Wave  Length  Curves 
for  Ferric  Solutions 

Ferric  Ions.  It  is  impractical  to  determine  1  p.  p.  m.  of 
Co++  in  the  presence  of  10,000  p.  p.  m.  of  Fe+++,  but  with 
a  lower  ratio  of  Fe+++  to  Co++ — e.  g.,  1000  to  1 — the  de¬ 
termination  can  be  made  with  little  difficulty.  Figure  5 
shows  transmission  curves  for  solutions  containing  1.0  mg. 
of  Fe+++  per  ml.,  5.0  ml.  of  reagent,  and  the  usual  amounts 
of  ammonium  citrate  and  ammonia.  The  sensitivity — i.  e.,  the 
difference  in  transmission  between  the  blank  solution  and  one 
containing  1.0  p.  p.  m.  of  Co++ — is  about  one  fifth  less  than 
that  found  in  the  absence  of  ferric  ions,  but  this  reduced 
sensitivity  is  satisfactory  for  most  purposes. 

The  effect  of  a  variation  in  the  Fe+++  concentration  on  the 
transmission  of  a  1  p.  p.  m.  Co++  solution  at  550  m/z  was 
determined.  In  the  range  800  to  1200  p.  p.  m.  of  Fe+++,  a 
difference  of  about  20  p.  p.  m.  of  Fe+++  changed  the  trans¬ 
mission  0.1  per  cent;  hence,  the  iron  content  of  the  sample 
solution  must  be  known  fairly  accurately,  if  error  from  this 
source  is  to  be  avoided. 

The  transmission  at  550  m/z  of  a  reagent  solution  containing 
1000  p.  p.  m.  of  Fe+++  changed  only  slightly  over  a  period  of 
2  hours  after  mixing  the  reagents,  and  the  transmission  of  a 
similar  solution  containing  1  p.  p.  m.  of  Co++  did  not  change 
at  all  in  this  period.  Visual  observations,  however,  revealed 
a  marked  change  in  color  within  a  few  minutes  after  mixing 
the  reagents.  The  solutions  become  yellower  on  standing. 
The  change  is  probably  due  to  the  slow  formation  of  colloidal 
hydrous  ferric  oxide.  Increasing  the  concentration  of  am¬ 
monium  citrate  and  decreasing  the  concentration  of  am¬ 
monia  resulted  in  a  decrease  in  the  rate  of  change  in  color 
but  did  not  entirely  eliminate  it.  If  the  standard  series 


method  is  used,  the  effect  of  this  change  in  color  may  be 
minimized  by  making  up  the  sample  solution  and  standard 
series  at  the  same  time. 

Chromic  Ions.  Chromic  ions  do  not  interfere  with  the 
determination  of  cobalt  to  any  appreciable  extent,  unless 
the  concentration  is  high  enough  to  cause  precipitation  of 
chromic  hydroxide.  Under  the  conditions  used,  10  p.  p.  m.  of 
Cr+++  will  stay  in  solution,  but  with  50  p.  p.  m.  of  Cr+++, 
precipitation  occurs. 

Manganous  Ions.  If  a  considerable  amount  of  manganous 
ions  is  present  when  cobalt  determinations  are  made,  there  is 
a  slow  development  of  a  yellow  color  in  the  solutions,  prob¬ 
ably  due  to  the  formation  of  colloidal  hydrous  manganic 
oxide.  Since  the  transmission  of  the  solutions  at  550  m/z 
changes  steadily,  accurate  determinations  cannot  be  made  in 
the  presence  of  relatively  large  amounts  of  manganous  ions. 

Validity  of  Lambert-Beer  Law  for 
Cobalt-Nitrosonaphtholate  Solutions 

The  Lambert-Beer  law  was  investigated  for  cobalt-nitroso- 
naphtholate  solutions  with  and  without  interfering  ions. 
A  linear  relation  between  log  of  transmission  at  550  m/z  and 
concentration  was  found  in  the  concentration  range  0  to  1.0 
p.  p.  m.  of  Co++.  The  data  for  solutions  containing  no 
interfering  ions  are  shown  by  curve  I,  Figure  6.  Curve  II  is  a 
plot  of  data  for  solutions  containing  1.0  mg.  of  Fe+++  per  ml. 
and  curve  III  is  for  solutions  containing  0.5  mg.  of  Ni++  per 
ml.  Three  milliliters  of  reagent  per  100  ml.  of  solution  were 
used  for  solutions  containing  no  interfering  ions  and  5.0  ml. 
for  the  others. 

Figure  6  also  shows  that  0.1  per  cent  in  transmission  at 
550  m/z  is  equivalent  to  about  0.003  p.  p.  m.  of  Co++.  Since 
the  transmission  of  1.0  p.  p.  m.  Co++  solutions  can  be  repro¬ 
duced  to  ±0.2  per  cent,  the  probable  error  of  the  method  for 
solutions  of  this  concentration  is  ±0.006  p.  p.  m.  of  Co++. 


Figure  6.  Log  Transmission-Concentration  Data  for 
Cobalt  Solutions 
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Measurements  with  a-Nitroso-/3-Naphthol 

A  few  visual  and  spectrophotometric  measurements  showed 
that  a-nitroso-/3-naphthol  has  approximately  the  same 
,  sensitivity,  0.005  p.  p.  m.,  for  cobalt  ions  as  the  6, a  compound 
and  that  it  is  subject  to  the  same  limitations.  Bellucci  (8) 
claims  that  the  (3, a  compound  is  ten  or  fifteen  times  more 
sensitive  than  the  a,j8  isomer,  but  this  was  not  confirmed  by 
the  authors.  Absolute  values  for  the  sensitivities  obtained  by 
the  authors  should  not  be  compared  with  those  of  Bellucci, 
since  the  apparatus  and  experimental  conditions  were  not  the 
same.  The  authors’  visual  observations  were  made  in  50-ml. 
Nessler  tubes  (tall  form)  and  in  a  roulette  comparator  {11). 

Summary 

In  a  spectrophotometric  study  of  the  colorimetric  determina¬ 
tion  of  cobalt  with  /3-nitroso-a-naphthol  the  optimum  condi¬ 
tions  for  measurements,  the  effect  of  salts,  and  the  interfer¬ 
ence  of  certain  metallic  ions  were  determined. 

The  principal  advantages  of  the  method  are  its  high  sensi¬ 
tivity  and  reproducibility.  The  chief  disadvantages  are  the 


great  influence  of  the  ammonia  concentration  and  the  low 
solubility  of  cobalt-nitrosonaphtholate. 
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Correcting  Ignited  Silica  Precipitates 
for  Nonvolatile  Material 

JOHN  S.  BILLHEIMER,  PAUL  H.  FAUST,  and  ERNEST  H.  SWIFT 
California  Institute  of  Technology,  Pasadena,  Calif. 


IT  HAS  long  been  standard  practice  in  precise  silica  de¬ 
terminations  to  correct  the  weight  of  the  ignited  silica 
precipitate  for  the  impurities  present  by  volatilizing  the  silica 
as  silicon  tetrafluoride  and  then  igniting  and  weighing  the 
so-called  “nonvolatile  residue”.  This  residue  may  amount 
to  as  much  as  2  to  3  per  cent  of  the  weight  of  the  silica  and 
may  contain  a  large  number  of  constituents  {2,  8,  8) .  Aurous- 
seau  (1)  found  over  30  per  cent  of  the  original  titanium  in  this 
residue  in  the  analysis  of  a  certain  silicate  rock,  and  Bloor  ( 2 ) 
found  substantial  amounts  of  both  calcium  and  magnesium 
in  the  residues  from  certain  clays. 

Various  methods  have  been  used  in  correcting  for  this  non¬ 
volatile  residue,  all  of  which  involve  the  assumption  that  the 
final  residual  material  has  the  same  effective  weight  as  it  had 
in  the  impure  silica  precipitate.  Treatment  of  the  silica 
precipitate  with  hydrofluoric  acid  alone  is  permissible  if  the 
residual  material  is  not  volatile  on  being  evaporated  to  dry¬ 
ness  with  hydrofluoric  acid  and  is  converted  to  oxides  by  this 
evaporation  or  the  subsequent  ignition.  However,  Noyes  and 
Bray  ( 6 )  have  shown  that  titanium  is  volatilized  under 
similar  conditions,  and  they  minimize  this  loss  by  the  addi¬ 
tion  of  perchloric  acid.  In  addition,  after  a  treatment  with 
hydrofluoric  acid  alone,  alkaline  earth  elements  would  tend 
to  remain  as  fluorides.  Because  of  these  undesirable  effects  a 
mixture  of  sulfuric  and  hydrofluoric  acids  is  most  commonly 
used,  but  this  leaves  the  alkaline  earths  as  the  relatively 
stable  sulfates,  and,  especially  in  the  analysis  of  clays,  the 
residue  may  contain  a  considerable  proportion  of  calcium  ( 2 ). 

Kuzirian  (4)  proposed  that  the  silica  be  treated  with  sul¬ 
furic  acid  prior  to  ignition;  however,  the  sulfates  thus  formed 
are  at  least  partially  decomposed  to  silicates  during  the  sub¬ 
sequent  ignition.  Pertusi  and  Di  Nola  (7)  evaporated  a 
hydrofluoric  acid  mixture  to  dryness,  and  then  added  oxalic 
acid  to  convert  the  fluorides  to  oxalates;  in  contradiction  to 
the  experiments  of  Noyes  and  Bray  ( 6 )  they  imply  that  the 
loss  of  titanium  is  not  serious.  Because  of  the  apparent 


limitations  in  these  methods  and  of  incomplete  evidence  as 
to  their  effectiveness,  a  study  of  processes  for  carrying  out 
the  correction  of  the  silica  precipitate  has  been  made. 

Experimental 

In  the  experiments  reported  below  the  precipitates  and  residues 
were  heated  to  constant  weight  in  platinum  crucibles  over  mantle 
burners  producing  a  temperature  of  1000°  to  1200°  C.  The  cruci¬ 
bles  were  cooled  for  a  constant  length  of  time  and  weighed  within 
a  closed,  tared  weighing  bottle;  weights  were  in  general  constant 
to  0.1  mg.  The  hydrofluoric  acid  and  other  reagents  used  were 
tested  for  nonvolatile  materials  and,  where  necessary,  correc¬ 
tions  for  these  were  applied. 

Methods  Investigated 

Oxalic  Acid-Hydrofluoric  Acid  Method.  The  experi¬ 
ments  of  Noyes  and  Bray  indicate  that  if  titanium  is  to  be 
provided  for  in  the  nonvolatile  residue,  an  acid  must  be  used 
which  not  only  will  be  sufficiently  nonvolatile  to  displace  the 
fluorides  but  which  will,  by  complex  formation  or  otherwise, 
prevent  the  volatilization  of  titanium  fluoride.  Pertusi  and 
Di  Nola  evaporated  the  silica  precipitate  twice  to  dryness  with 
hydrofluoric  acid,  then  treated  with  an  excess  of  a  saturated 
oxalic  acid  solution,  evaporated  to  dryness,  and  ignited  the 
residue.  Using  an  artificial  mixture  containing  0.0917  gram 
of  titanium  dioxide,  0.0800  gram  of  ferric  oxide,  and  0.2023 
gram  of  aluminum  oxide  they  obtained  a  residue  weighing 
0.3700  gram.  However,  the  experiments  which  are  sum¬ 
marized  in  Table  I  indicate  that  there  may  be  an  appreciable 
loss  of  both  titanium  and  aluminum  by  this  process  and  that 
the  percentage  lost  is  apparently  affected  not  only  by  the 
amount  of  these  elements  present  but  by  the  presence  of  other 
elements. 

The  titanium  or  aluminum  oxide  was  ignited  for  20  minutes 
at  1000°  C.,  weighed,  twice  evaporated  just  to  dryness  with  10 
ml.  of  48  per  cent  hydrofluoric  acid,  treated  with  10  ml.  of  a 
warm  (40°  to  50°  C.)  saturated  oxalic  acid  solution,  evaporated 
to  dryness,  again  ignited,  and  weighed. 
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Table  I.  Behavior  of  Aluminum  and  Titanium  Oxides  with 
Hydrofluoric  and  Oxalic  Acids 


(Method  of  Pertusi  and  Di  Nola) 


Experiment 

Oxide 

Original 

Loss  of 

No. 

Taken 

Weight 

W  eight 

Mg. 

Mg. 

1 

Ti02 

15.15 

6.15 

2 

Ti02 

105.5 

18.8 

3 

Al203 

152.8 

12.4 

4 

Al203 

180.0 

11.5 

C 

[  Al203 

165.5 

9.8 

0 

( Ti02 

152.0 

Table  II.  Behavior  of  Titanium  and  Aluminum  Oxides  with 
a  Mixture  of  Hydrofluoric  and  Sulfuric  Acids 


No. 

Oxide  Taken 

Final  Weight 

Mg. 

Mg. 

1 

Ti02 

13.15 

13.10 

2 

TiOi 

187.0 

186.8 

3 

AI2O3 

34.5 

34.3 

Loss  of  Titanium  and  Aluminum  with  Sulfuric  and 
Hydrofluoric  Acids.  The  experiments  presented  in  Table 
II  show  that  the  loss  of  titanium  and  aluminum  is  negligible 
when  sulfuric  acid  is  used.  In  these  experiments  the  ignited 
oxide  was  treated  with  a  mixture  of  the  two  acids,  evaporated 
to  dryness,  and  ignited. 

Perchloric  and  Oxalic  Acids.  The  use  of  perchloric  acid 
for  dissolving  fluorides  ( 5 )  and  the  increasing  use  of  this  acid 
for  the  partial  dehydration  and  precipitation  of  silicic  acid 
suggested  its  use  instead  of  sulfuric  acid  for  displacing  the 
fluoride  from  the  residue.  However,  perchloric  acid  alone 
cannot  be  used,  as  the  perchlorates  of  the  alkali  and  alkaline 
earth  elements  decompose  on  ignition  to  give  a  residue  con¬ 
taining  chloride;  furthermore,  the  oxidizing  action  accom¬ 
panying  this  decomposition  causes  the  platinum  crucible  to 
be  appreciably  attacked. 

In  an  experiment  demonstrating  this  effect  8.7  mg.  of  calcium 
oxide  gave  a  residue  weighing  12.1  mg.  when  evaporated  with 
hydrofluoric  acid  and  ignited  for  5  minutes  (theoretical  for  cal¬ 
cium  fluoride,  12.0);  upon  treating  this  with  2  ml.  of  9  A  per¬ 
chloric  acid  evaporating  to  dryness,  and  igniting  for  1  minute  the 
weight  was  15.4  mg.,  which  dropped  to  11.2  after  being  ignited 
for  15  minutes.  Upon  being  cleaned  after  ignitions  of  perchlorate 
residues  the  platinum  crucible  lost  as  much  as  2.5  mg.  as  com¬ 
pared  with  losses  which  usually  were  less  than  0.1  to  0.2  mg.  even 
after  long  ignitions. 

In  attempts  to  overcome  these  effects  an  excess  of  am¬ 
monium  oxalate  was  added  after  evaporating  the  perchloric- 
hydrofluoric  acid  mixture  almost  or  just  to  dry¬ 
ness.  This  was  found  to  be  effective  in  preventing 
attack  on  the  crucible,  but  the  solid  had  such  a 
tendency  to  decrepitate  and  spatter  that  losses 
were  likely  to  occur  in  the  course  of  the  opera¬ 
tion.  It  was  then  found  that  the  same  effect 
could  be  obtained  with  solid  oxalic  acid  and  that 
the  spattering  was  largely  eliminated,  the  excess 
of  oxalic  acid  subliming  smoothly.  The  results 
of  a  series  of  experiments  using  this  perchloric 
acid-oxalic  acid  treatment  with  various  oxides 
are  shown  in  Table  III. 

In  these  experiments  the  oxide  was  heated  to 
about  1000°  C.  for  10  minutes,  weighed,  1  ml.  of  48 
per  cent  hydrofluoric  acid  and  1  ml.  of  60  per  cent 
perchloric  acid  were  added,  the  mixture  was  evapo¬ 
rated  almost  to  dryness,  and  50  to  75  mg.  of  solid 
oxalic  acid  were  added.  The  mixture  was  heated 
until  the  excess  of  oxalic  acid  was  sublimed,  and 
the  residue  was  ignited  for  10  minutes  and  weighed, 
then  again  ignited  for  20  minutes  and  weighed. 

It  is  seen  that  the  loss  of  titanium  and  alumi¬ 
num  has  been  reduced  to  an  amount  permissi¬ 
ble  with  any  except  the  most  precise  work;  the 
fact  that  this  loss  is  greater  than  with  sul¬ 


furic  acid  indicates  that  the  latter  acid  has  some  specific 
property,  possibly  the  ability  to  form  complex  compounds, 
which  prevents  the  volatilization  of  the  fluorides  of  these 
elements.  The  perchloric  and  oxalic  acids  have  effectively 
decomposed  calcium  fluoride.  Four  determinations  of  the 
“nonvolatile  residue”  were  made  by  this  method  in  0.5-  to 
1-gram  samples  of  an  ignited  silica  and  gave  an  average  value 
of  0.41  per  cent;  an  average  value  of  0.45  per  cent  was  obtained 
by  the  hydrofluoric-sulfuric  acid  method,  the  residue  being 
shown  by  qualitative  tests  to  be  largely  titanium. 


Table  III.  Behavior  of  Various  Oxides  upon  Being 

Treated  with  Hydrofluoric,  Perchloric,  and 

Oxalic  Acids 

Weight  after 

Experi- 

Ignition  for: 

ment  No. 

Oxide  Taken 

10  min.  30  min. 

Mg. 

Mg. 

Mg. 

1 

CaO 

10.3 

10.5“ 

10.3 

2 

CaO 

7.7 

7.75  7.7o 

3 

TiOz 

8.8 

8.4 

8.3 

4 

Ti02 

9.1 

8.7 

8.5 

5 

Ti02 

16.7 

16.3 

6 

Ti02 

12.0 

11.6 

li.6 

7 

Al203 

6.7 

6.2 

8 

Al203 

33.4 

33.2 

9 

Fe203 

10.3 

10.6 

10.0 

10 

MgO 

5.9 

5.7 

5.6 

“  Ignited  for  only  1  minute. 

Table  IV. 

Behavior 

of  Oxides  with  Hydrofluoric  and 

Oxalic  Acids 

Experiment 

No. 

Oxide  Taken 

Final  Weight 

Mg. 

Mg. 

1 

CaO 

27.0 

29.0 

2 

CaO 

26.2 

28.6 

3 

CaO 

57.6 

63.9“ 

4 

Fe203 

13. 9g 

14.10 

5 

Ti02 

15.2 

15.2 

6 

Ti02 

13.6 

13.55 

7 

Al203 

199.9 

193.2 

8 

Al203 

77.0 

72.4 

“  This  precipitate  gradually  lost  4.4  mg 

.  upon  being  heated  135  min. 

In  none  of  the  very  large  number  of  experiments  in  which 
perchloric  acid  has  been  heated  with  various  organic  com¬ 
pounds  under  the  conditions  of  the  above  procedure  has  there 
been  any  indication  of  an  explosion.  This  is  undoubtedly  due 
to  the  fact  that  the  organic  material  is  added  in  relatively 
large  excess  to  a  very  small  amount  of  perchloric  acid.  Care 


Table  Y.  Behavior  of  Oxides  upon  Treatment  with  Hydrofluoric 
Acid  and  with  Succinic  and  Oxalic  Acids 


-Acids  Use 

d - 

No. 

Oxide  Taken 
Mg. 

Found 

Mg. 

HF  45%  H6C4O4 
Ml.  Gram 

H2c204 

Gram 

Remarks 

1 

CaO 

50.5 

66.3 

10 

1 

No  H2C204 

2 

CaO 

19.9 

22.6 

3 

0.5 

0.5 

Three  acids  added  together 

3 

CaO 

14.5 

14.4 

10 

1 

0.6 

H«C<C>4  added  with  3  ml.  water, 
heated,  HF  added,  evaporated, 
H2C204  added 

4 

CaO 

22.4 

22.4 

5 

0.5 

0.6 

HF  added,  then  HeCrCL 

5 

CaO 

22.6 

22.6 

3 

0.5 

0.6 

As  in  Expt.  4 

6 

CaO 

16.3 

16.3 

2 

1 

0.5 

HF  and  HeCiOi  added,  mixture 
heated  to  fusion  of  HeCiOt, 
H2C2CU  then  added 

7 

CaO 

20.2 

20.2 

2 

1 

0.5 

As  in  Expt.  6 

8 

CaO 

17.3 

20.5 

2 

1 

0.5 

As  in  Expt.  2 

9 

A120. 

20.2 

20.2 

10 

1 

0.6 

As  in  Expt.  6 

10 

19.0 

18.8 

10 

1 

0.6 

As  in  Expt.  3 

11 

25.7 

24.8 

1 

1 

0.5 

As  in  Expt.  3 

12 

A1203 

8.4 

7.9 

2 

1 

0.5 

Ab  in  Expt.  3 

13 

Al203 

37.0 

35.6 

2 

1 

0.5 

As  in  Expt.  3 

13a 

62.0 

60.9 

2 

1 

0.5 

As  in  Expt.  3 

14 

Ti02 

27.6 

27.1 

10 

1 

0.6 

As  in  Expt.  3 

16 

Ti02 

19.4 

18.6 

2 

1 

0.5 

As  in  Expt.  6 

17 

Ti02 

50.9 

49.3 

2 

1 

0.5 

As  in  Expt.  3 

17a 

TiOj 

29.0 

27.7 

2 

1 

0.5 

As  in  Expt.  3 

18 

Fe203 

22.1 

22.0 

10 

1 

0.6 

As  in  Expt.  3 

19 

Si02 

610 

2.85 

10 

1 

0.6 

°  This  silica  had  been  found  by  previous  treatment  with  sulfuric  and  hydrofluoric  acids 
to  contain  0.45%  of  nonvolatile  material,  which  agrees  closely  with  residue  obtained  here; 
analysis  of  nonvolatile  residue  showed  it  to  be  largely  titanium  oidde. 
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should  always  be  taken  that  only  a  small  amount  of  perchloric 
acid  is  left  in  the  crucible. 

Oxalic  and  Succinic  Acids  Separately  and  in  Com¬ 
bination.  Because  of  the  known  tendency  of  titanium  and 
aluminum  to  form  complex  compounds  with  dicarboxylic 
acids,  it  seemed  possible  that  the  loss  of  these  elements  might 
be  minimized  by  adding  oxalic  or  some  other  high  boiling 
dicarboxylic  acid  with  the  hydrofluoric  acid;  Pertusi  and  Di 
Nola  evaporated  to  dryness  with  hydrofluoric  acid  and  then 
used  oxalic  acid  to  displace  any  remaining  fluoride.  The  re¬ 
sults  obtained  with  oxalic  acid  and  hydrofluoric  acid  in  such  a 
procedure  are  shown  in  Table  IV. 

In  these  experiments  the  oxide  was  heated  to  about  1000°  C. 
for  10  minutes  and  weighed,  and  3  to  10  ml.  of  48  per  cent  hydro¬ 
fluoric  acid  were  added  together  with  from  0.5  to  2  grams  of 
crystallized  oxalic  acid.  The  mixture  was  evaporated  to  dryness 
and  ignited  to  constant  weight. 

Although  the  results  are  satisfactory  with  titanium,  an  ap¬ 
preciable  amount  of  aluminum  is  lost  and  the  oxalic  acid  alone 
i  has  not  decomposed  the  calcium  fluoride.  Other  dicarboxylic 
acids  were  tried,  including  maleic,  malonic,  citric,  and  tartaric, 
but  were  unsatisfactory  because  of  decrepitation  or  charring. 
Succinic  acid  seemed  most  promising,  as  it  formed  the  an¬ 
hydride  which  sublimed  quietly.  A  series  of  experiments 
showed  that  this  acid  alone  did  not  decompose  calcium  fluo¬ 
ride,  but  that  decomposition  was  obtained  if  it  was  followed  by 
oxalic  acid.  If  the  oxalic  acid  and  succinic  acids  were  added 


simultaneously  the  conversion  of  fluoride  to  oxide  was  in¬ 
complete,  probably  because  of  rapid  decomposition  of  the 
oxalic  acid  before  the  excess  of  fluoride  was  removed. 

The  results  of  experiments  with  these  acids  and  various 
oxides  (Table  V)  show  that  very  satisfactory  results  can  be 
obtained  by  the  use  of  the  two  acids  with  calcium  oxide  but 
that  there  is  still  some  loss  with  both  titanium  and  aluminum. 

Summary 

An  experimental  study  has  been  made  of  various  methods 
for  determining  the  “nonvolatile  residue”  in  ignited  silica 
precipitates  by  volatilizing  the  silica  with  hydrofluoric  acid. 
For  all  except  the  most  accurate  work  a  treatment  with  per¬ 
chloric  and  oxalic  acids  may  be  substituted  to  advantage  for 
the  sulfuric  acid  commonly  used.  Experiments  with  organic 
acids  of  high  boiling  point  have  not  shown  them  to  possess  any 
marked  advantages. 
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Base-Exchange  Capacity  Determination  of 
Soils  and  Other  Materials 

Using  Colorimetric  Manganese  Method 


C.  A.  BOWER  AND  EMIL  TRUOG,  University  of  Wisconsin,  Madison,  Wis. 


CHEMISTS  frequently  have  occasion  to  determine  the 
base-exchange  capacity  of  soils,  clay  minerals,  artificial 
zeolites,  and  other  substances.  For  this  purpose  a  consider¬ 
able  variety  of  methods  has  been  proposed.  One  of  the  com¬ 
monly  used  methods  involves  saturation  of  the  material  in 
question  with  calcium  by  leaching  with  calcium  chloride  solu¬ 
tion,  after  which  the  absorbed  calcium  is  displaced  by  leach¬ 
ing  with  ammonium  acetate  solution  and  then  determined 
after  precipitation  as  the  oxalate  by  titration  with  permangan¬ 
ate.  Other  methods  based  on  the  same  principle  but  in¬ 
volving  saturation  with  barium,  ammonium,  and  other  bases 
are  in  use,  and  methods  involving  electrodialysis  are  also 
employed.  In  an  effort  to  provide  a  more  rapid  method,  and 
particularly  a  colorimetric  method  adapted  to  micro  work,  it 

I  occurred  to  the  writers  that  a  procedure  involving  saturation 
with  divalent  manganese  and  oxidation  of  the  manganese 
after  displacement  to  permanganic  acid  offered  possibilities. 
Tests  of  a  procedure  based  on  these  principles  gave  very 
satisfactory  results.  The  details  of  the  procedure  as  finally 
developed  follow. 

Analytical  Procedure 

Place  a  1-gram  sample  of  the  soil  (air-dried  and  20-meshed,  or 
suitable  quantity  of  other  material  in  a  100-cc.  centrifuge  tube. 
Add  50  cc.  of  a  1  A  manganous  chloride  solution,  stopper  the 
tube,  and  shake  vigorously  for  5  minutes.  Remove  and  wash  off 
the  stopper  and  the  sides  of  the  tube  with  neutral  95  per  cent 
alcohol.  Clear  the  suspension  by  centrifuging  for  5  minutes  at 
about  1500  r.  p.  m.  and  pour  off  the  supernatant  liquid.  Repeat 
this  treatment  five  times  with  portions  of  1  A  manganous  chlo¬ 


ride.  Five  washings  are  sufficient  for  saturation  with  manganese.. 
Remove  the  excess  of  manganous  chloride  by  successive  washings- 
with  50-cc.  portions  of  neutral  95  per  cent  ethyl  or  methyl  alcohol, 
using  the  shaking  and  centrifuging  procedure.  Wash  until  wash¬ 
ings  no  longer  give  a  test  for  chlorides.  Four  washings  usually 
suffice. 

Displace  the  exchangeable  manganese  by  washing  with  five 
successive  50-cc.  portions  of  1  A  ammonium  acetate,  using  the 
same  shaking  and  centrifuging  procedure  as  during  saturation. 
Make  up  the  washings  to  a  volume  of  500  cc.  Place  an  aliquot 
of  this  solution  containing  0.25  to  0.75  mg.  of  manganese,  in  a 
1 50-cc.  beaker  and  evaporate  to  dryness.  To  destroy  carbonace¬ 
ous  material,  wash  down  the  sides  of  the  beaker  with  2  to  3  cc. 
of  concentrated  nitric  acid,  and  again  evaporate  to  dryness.  If 
necessary,  repeat  this  treatment  until  all  carbonaceous  material  is 
destroyed.  Two  treatments  usually  suffice.  Add  5  cc.  of  con¬ 
centrated  sulfuric  acid,  dilute  cautiously  with  about  15  cc.  of 
water,  and  then  add  0.2  gram  of  para-sodium  periodate.  Boil 
gently  until  the  color  of  permanganic  acid  appears.  This  oxida¬ 
tion  is  greatly  promoted  by  having  a  small  volume.  Now  dilute 
with  water  to  a  volume  of  about  90  cc.,  cover  with  a  watch  glass, 
and  set  on  a  hot  plate  at  85°  to  90°  C.  for  about  30  minutes  tO' 
ensure  complete  oxidation.  Distilled  water  often  contains  traces 
of  reducing  substances,  and  when  nearly  all  the  diluting  water  is 
added  prior  to  heating,  these  reducing  substances  are  quickly  and 
completely  destroyed  by  the  excess  of  periodate.  Cool  and  dilute 
to  a  volume  of  100  cc.  Compare  with  a  standard  permanganate- 
solution  by  means  of  Nessler  tubes  or  use  a  photoelectric  color¬ 
imeter  equipped  with  a  5200  A.  wave-length  color  filter. 

For  saturation  and  displacement,  the  leaching  method  mayr 
of  course,  be  used.  The  centrifuge  method,  however,  expedites 
the  process  because  of  the  disintegration  of  granules,  vigorous 
agitation,  and  hence  nondependence  on  slow  diffusion.  The 
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use  of  the  special  centrifuge  tube  and  shaking  machine  de¬ 
scribed  by  Truog  et  al.  ( 2 )  greatly  facilitates  the  operation  of 
the  centrifuge  method. 

In  microdeterminations  a  pointed  centrifuge  tube  should  be 
used.  The  special  tube  described  by  Pearson  and  Truog  ( 1 ) 
is  very  convenient.  The  volume  of  liquid  used  in  each  treat¬ 
ment  for  saturation,  washing,  and  displacement  may  be  re¬ 
duced  to  25  cc.  and  the  centrifuge  tube  should  be  stoppered 
while  centrifuging  to  prevent  dust  contamination  from  the 
air.  In  micro  work,  all  the  displacing  solution  is  used  for  the 
determination. 


Table  I.  Base-Exchange  Capacities  op  Soils  and  Other 

Materials 

Calcium 

Manganese 

Ammonium 

Soil  Type  or 

Saturation 

Saturation 

Saturation 

Material 

Method 

Method 

Method 

Milliequivalents  per  100  grams 

Miami  silt  loam  (A  horizon) 

it  ,i 

11.2 

9.7 

Carrington  silt  loam  (A  horizon)  16.9 

Barnes  silty  clay  loam  (A 

17.2 

16.5 

horizon) 

34.2 

34.1 

32.1 

Laterite  from  Hawaii 

11.0 

10.8 

10.2 

Browrn  peat 

90.5 

91.0 

89.3 

Sarpy  silt  loam  (A  horizon) 
Barnes  silty  clay  loam  (cal- 

9.3 

9.5 

8.4 

careous  C  horizon) 

18.2 

16.9 

Bentonite 

124.0 

124.5 

117.0 

Artificial  zeolite 

Clay  separate  from  Chico 

293.1 

293.0 

294.2 

silty  clay  loam 

Clay  separate  from  Hagers- 

48.5 

48.0“ 

town  silt  loam 

21.0 

20.5“ 

... 

Bentonite 

124.0 

125.0“ 

°  Determination  made  by  microprocedure 
10  mg. 

using  sample  weight  of  only 

Preparation  of  Reagents 

Standard  Permanganate  Solutions.  Prepare  a  solution  of 
potassium  permanganate  which  is  0.04  N  with  respect  to  Mn++ 
(0.1  N  with  respect  to  oxidation-reduction)  by  titration  against 
sodium  oxalate.  Dilute  50  cc.  of  this  solution  to  1  liter.  The  re¬ 
sulting  solution  is  0.002  N  with  respect  to  Mn++.  Place  exactly 
50  cc.  of  this  second  solution  in  a  1-liter  beaker,  and  add  850  cc. 
of  water,  2.0  grams  of  para-sodium  periodate,  and  50  cc.  of  con¬ 
centrated  sulfuric  acid.  Heat  to  boiling,  then  cool  to  room  tem¬ 
perature,  transfer  to  a  1-liter  volumetric  flask,  and  dilute  to  the 
mark.  This  solution  is  0.0001  N  with  respect  to  Mn++,  and  is 
stable  on  long  standing  owing  to  the  presence  of  the  periodate. 

Approximately  1  N  Manganous  Chloride  Solution.  Dis¬ 
solve  98.9  grams  of  manganous  chloride  tetrahydrate  in  1000  cc. 
of  water.  Filter  through  a  fine-textured  filter  paper.  The  pH 
of  this  solution  should  be  in  the  range  of  6.5  to  7.0.  Ordinary 
c.  p.  or  pure  manganous  chloride  tetrahydrate  is  satisfactory. 

Approximately  1  N  Ammonium  Acetate.  Dilute  67  cc.  of 
c.  p.  concentrated  ammonium  hydroxide  to  about  800  cc.,  and 
add  57  cc.  of  c.  p.  concentrated  acetic  acid.  Adjust  to  pH  6.8 
with  ammonia  or  acetic  acid  as  the  ease  requires  and  dilute  to  1 
liter. 

Results 

In  order  to  check  the  accuracy  of  this  method  involving 
saturation  with  manganese,  the  base-exchange  capacities  of 
a  wide  variety  of  soils  and  other  materials  were  determined 
by  means  of  this  method  and  two  other  methods  involving 
saturation  with  calcium  and  ammonium,  respectively. 

In  determining  base-exchange  capacity  by  means  of  the  cal¬ 
cium  ion  the  samples  were  first  treated  with  neutral  1  N  barium 
acetate  solution  to  displace  any  exchangeable  hydrogen.  After 
saturation  with  calcium  by  treatment  with  neutral  1  N  calcium 
chloride  solution,  the  excess  calcium  chloride  was  removed  by 
washing  with  95  per  cent  methyl  alcohol,  and  the  exchangeable 
calcium,  representing  the  base-exchange  capacity,  was  displaced 
with  1  N  ammonium  acetate  solution.  The  displaced  calcium 
was  determined  by  precipitation  as  the  oxalate  and  titration  with 
standard  permanganate  solution.  In  the  method  involving  satu¬ 
ration  with  ammonium,  the  samples  were  saturated  with  am¬ 
monium  by  treatment  with  neutral  1  N  ammonium  acetate 
solution.  After  washing  out  the  excess  ammonium  acetate,  the 
exchangeable  ammonium,  representing  the  base-exchange  capac¬ 
ity,  was  displaced  with  1  N  potassium  chloride  solution  and  de¬ 
termined  by  titration  after  the  addition  of  a  base  and  distillation. 


The  base-exchange  capacities  of  a  number  of  soils  and  other 
materials  as  found  by  means  of  the  three  methods  are  given 
in  Table  I. 

The  results  obtained  involving  saturation  with  manganese 
and  calcium  are  in  good  agreement,  while  those  obtained  in¬ 
volving  saturation  with  ammonium  are  somewhat  lower  in 
those  materials  where  the  base-exchange  capacity  is  due 
largely  to  clay  minerals.  In  order  to  determine  whether  the 
base-exchange  capacity  of  clay  minerals  is  appreciably  vari¬ 
able,  depending  upon  the  base  used  for  saturation,  further 
base-exchange  capacity  determinations  of  bentonite  involving 
saturation  with  other  bases  were  made.  Samples  of  the  am¬ 
monium-saturated  bentonite  were  saturated  with  the  various 
bases  by  treatment  with  an  appropriate  neutral  salt  solution. 
After  the  excess  salt  was  removed  by  alcohol  washings,  the 
exchangeable  base,  representing  the  base-exchange  capacity, 
was  displaced  with  1  N  ammonium  acetate  solution  and  de¬ 
termined.  Table  II  gives  the  salt  solution  used  for  saturation, 
the  respective  base-exchange  capacities  found,  and  the  ana¬ 
lytical  procedure  used  in  each  case. 

The  results  for  base-exchange  capacity  of  the  bentonite 
when  determined  by  means  of  the  monovalent  bases  sodium, 
potassium,  and  ammonium  are  in  good  agreement.  Con¬ 
siderable  variation,  however,  occurs  when  the  base-exchange 
capacity  is  determined  by  means  of  various  divalent  bases, 
and  in  all  cases  the  capacities  are  higher  than  when  determined 
by  means  of  the  monovalent  bases.  When  the  values  for  the 
divalent  alkaline  earth  bases  are  compared,  it  is  noted  that 
they  become  increasingly  greater  as  the  strength  of  the  base 
becomes  less.  Beryllium,  which  is  the  weakest  base  of  this 
group,  gives  a  value  just  double  that  obtained  with  the  mono¬ 
valent  bases. 

Preliminary  investigations  indicate  that  the  clay  acids, 
like  other  weak  acids,  form  basic  salts  with  certain  divalent 
bases,  and  the  weaker  the  base,  the  greater  is  this  tendency 
to  form  basic  salts.  This  would  explain  the  variations  in 
base-exchange  capacity  found  with  different  divalent  bases. 
Since  it  is  impossible  for  monovalent  bases  to  form  basic  salts, 
the  use  of  these  bases  in  the  determination  of  base-exchange 
capacity  gives  results  which  are  in  good  agreement,  but 
usually  lower  than  the  results  obtained  with  the  divalent  bases. 
These  differences  are  hardly  noticeable  with  materials  of  com¬ 
paratively  low  base-exchange  capacity,  like  some  soils.  With 
materials  of  high  base-exchange  capacity,  however,  the  differ¬ 
ences  may  become  large. 

Since  calcium  is  normally  by  far  the  most  abundant  ex¬ 
changeable  base  naturally  found  in  soils,  a  method  involving 


Table  II.  Base-Exchange  Capacity  of  Bentonite  with 
Different  Bases 

Base 

In¬ 

volved 

Solution 
Used  for 
Saturation 

Base- 

Exchange 

Capacity 

Found 

Analytical  Procedure  Followed 

Milliequivalents 
per  100  grams 

NH, 

1  N  NH4C2H3O2 

117.0 

Distilled  and  titrated  with  acid 

Na 

1  N  NaCl 

116.5 

Precipitated  and  weighed  as 
sodium  zinc  uranylacetate 

K 

1  N  KC1 

117.5 

Volumetrically  as  cobaltinitrite 

Ba 

1  N  BaCU 

118.2 

Gravimetrically  as  barium  sulfate 

Sr 

0.2  N  SrCl2 

119.5 

Precipitated  as  strontium  oxalate 
and  weighed  as  strontium  car¬ 
bonate 

Ca 

1  N  CaClz 

124.0 

Volumetrically  as  oxalate 

Mg 

1  N  MgCh 

130.8 

Gravimetrically  as  magnesium 
pyrophosphate 

Be 

0 . 1  N  Be(NC>3)2 

“  234.0 

Gravimetrically  as  beryllium  ox¬ 
ide 

Mn 

1  N  MnClz 

124.5 

Colorimetrically  as  permanganic 

acid 

“  Solution  had  a  pH  of  4.0  due  to  hydrolysis. 
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saturation  with  a  base  which  gives  approximately  the  same 
value  as  saturation  with  calcium  should  be  satisfactory  for 
practical  purposes.  On  this  basis,  the  proposed  colorimetric 
method  involving  saturation  with  manganese  is  satisfactory. 

Summary 

A  rapid  and  accurate  colorimetric  method  for  the  determina¬ 
tion  of  the  base-exchange  capacity  of  soils  and  other  materials 
has  been  developed  involving  saturation  with  divalent  man¬ 
ganese  by  treatment  with  manganous  chloride  solution.  After 
displacement,  the  manganese  is  oxidized  to  permanganic  acid 
and  determined  colorimetrically.  Color  comparisons  are  con¬ 
veniently  made  by  means  of  either  Nessler  tubes  or  a  photo¬ 
electric  colorimeter.  Comparative  results  obtained  involving 


saturation  with  calcium  and  manganese  are  in  good  agree¬ 
ment.  Complete  saturation  with  manganese  is  easily  effected, 
since  hydrogen  and  other  common  cations  are  readily  dis¬ 
placed  by  manganese.  Moreover,  the  method  is  sensitive  and 
well  adapted  for  micro  work. 
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Extraction  of  Alkalies  in  Rocks 

Modification  of  the  J.  Lawrence  Smith  Extraction, 
Using  Barium  Chloride  as  a  Flux 


ROLLIN  E.  STEVENS,  U.  S.  Geological  Survey,  Washington,  D.  C. 


THE  J.  Lawrence  Smith  method  of  extracting  alkalies  from 
rocks  (7,  8)  has  largely  replaced  the  older  Berzelius  pro¬ 
cedure  ( 1 )  in  which  the  rock  is  decomposed  with  hydrofluoric 
and  sulfuric  acids.  Smith’s  first  studies  on  this  subject  dealt 
with  the  decomposition  of  silicates  by  sintering  them  with 
lime  in  the  presence  of  fluxes  of  calcium  fluoride  or  calcium 
chloride,  either  added  directly  or  formed  by  the  double  de¬ 
composition  of  lime  and  ammonium  chloride. 

Twenty  years  later  Smith  devised  the  process  used  so  ex¬ 
tensively  today. 

In  this  process  the  sample,  ground  to  an  impalpable  powder,  is 
intimately  ground  with  an  equal  weight  of  ammonium  chloride 
and  eight  times  its  weight  of  calcium  carbonate.  This  mixture  is 
placed  in  a  long  crucible  (known  as  a  J.  Lawrence  Smith  crucible) 
and  first  heated  slowlv  until  no  odor  of  ammonia  can  be  detected 
and  the  chloride  ion  has  been  fixed  as  calcium  chloride,  after 
which  the  charge  is  ignited  strongly  for  40  to  60  minutes.  From 
the  sintered  cake  thus  obtained  the  alkalies  are  extracted  as 
water-soluble  chlorides  essentially  free  from  all  impurities  save 
sulfates  and  borates. 

A  few  modifications  of  the  J.  Lawrence  Smith  procedure 
have  appeared  in  the  literature. 

Somewhat  similar  is  the  method  of  Makinen  (5)  in  which  the 
finely  ground  sample  is  fused  with  calcium  chloride  alone.  Biitt- 
ner  ( 8 )  proposes  the  use  of  barium  carbonate  instead  of  calcium 
carbonate,  in  this  way  obtaining  more  precise  although  apparently 
low  results.  Scholes  and  Wessels  ( 6 )  sinter  the  sample  with 
calcium  carbonate  and  calcium  chloride,  made  by  treating  calcium 
carbonate  with  a  deficiency  of  hydrochloric  acid  and  heating  at 
800°  to  900°  C.  Breeman  and  Scholes  (2)  obtained  best  results 
in  the  J.  Lawrence  Smith  method  by  heating  at  800°  C.  for  45 
minutes. 

The  method  here  described,  involving  simply  the  substitu¬ 
tion  of  1  gram  of  hydrated  barium  chloride  (BaCl2.2H20) 
for  0.5  gram  of  ammonium  chloride,  eliminates  most  of  the 
deficiencies  of  the  J.  Lawrence  Smith  procedure.  The  pre¬ 
liminary  slow  heating  of  the  charge  to  remove  ammonia, 
a  step  which  usually  takes  the  writer  0.75  hour,  is  unnecessary 
and  the  charge  is  brought  to  redness  by  heating  only  suffi¬ 
ciently  slowly  to  prevent  expulsion  of  the  powder.  Another 
defect  of  the  J.  Lawrence  Smith  procedure  is  contamination 
of  the  alkali  chlorides  by  sulfates,  and  the  barium  chloride 
procedure  yields  alkali  chlorides  essentially  free  of  sulfates. 
Samples  high  in  sulfates,  such  as  alunite,  in  the  J.  Lawrence 


Smith  method  do  not  yield  sintered  cakes  but  fused  masses, 
difficult  to  remove  from  the  crucible  and  to  leach.  Alunite, 
as  weh  as  ah  other  samples  tested,  gives  with  the  barium 
chloride  method  sintered  cakes  which  shrink  from  the  sides 
of  the  crucible  and  loosen  when  tapped  lightly  with  the  hand. 
The  cakes  also  disintegrate  readily  in  water. 

Reagents 

Barium  chloride  dihydrate.  The  analytical  reagent  grade  is 
recrystallized  to  free  it  from  alkalies. 

Calcium  carbonate,  analytical  reagent  grade.  If  a  blank  test 
shows  it  to  contain  appreciable  alkalies,  it  is  purified  by  dissolving 
in  hydrochloric  acid  and  precipitating  with  ammonium  carbon- 

3itc 

Ammonium  carbonate  solution,  a  saturated  solution  in  1  to  1 
ammonium  hydroxide. 

Procedure 

Place  0.5  gram  of  the  sample,  accurately  weighed,  in  a  large 
agate  mortar  and  grind  to  an  impalpable  powder,  being  careful 
to  avoid  loss  of  flying  particles.  Add  about  1  gram  of  barium 
chloride  and  grind  intimately  with  the  sample.  Add  in  small  por¬ 
tions  4  grams  of  calcium  carbonate,  a  little  of  which  is  first  put 
in  the  J.  Lawrence  Smith  crucible  to  cover  the  bottom,  and  grind 
to  apparent  uniformity.  Transfer  the  mixture  to  the  J .  Lawrence 
Smith  crucible  and  use  a  little  of  the  calcium  carbonate  for  rinsing 
the  mortar. 

Place  the  crucible  with  its  contents  in  an  inclined  position  in 
a  firebrick  chimney,  the  covered  top  extending  out  far  enough  to 
serve  as  a  condenser.  Heat  to  redness  just  slowly  enough  to  pre¬ 
vent  expulsion  of  the  powder  by  the  hot  gases.  Heat  the  crucible 
and  contents  to  bright  redness  for  half  an  hour  and  allow  to  cool. 

Shake  or  tap  the  crucible  lightly  to  loosen  the  sintered  cake,  or 
loosen  with  a  platinum  rod,  and  empty  the  cake  into  a  platinum 
or  fused  silica  dish.  Cover  with  hot  water  and  leave  on  the  steam 
bath  half  an  hour.  Add  hot  water  to  the  emptied  crucible  and 
digest  in  a  hot-water  bath.  The  sintered  cake  disintegrates  into 
a  fine  powder  in  the  hot  water.  Filter  the  contents  of  the  crucible 
and  dish  into  a  capacious  platinum  dish,  transfer  the  powder  to 
the  filter,  and  wash  with  about  500  ml.  of  hot  water  in  small  por¬ 
tions  until  essentially  free  of  chlorides. 

Evaporate  the  filtrate  to  a  small  volume,  or  even  to  dryness, 
take  up  in  about  100  ml.  of  water,  and  precipitate  the  calcium  by 
adding  sufficient  redistilled  ammonia  and  an  excess  of  ammonium 
carbonate  at  boiling  temperature.  Filter,  and  wash  the  pre¬ 
cipitated  calcium  carbonate  five  times  with  hot  water.  Return 
the  precipitate  to  the  dish  with  a  stream  of  water,  dissolve  in  a 
slight  excess  of  hydrochloric  acid,  neutralize  with  ammonia,  and 
reprecipitate  the  calcium  at  boiling  temperature  with  ammonium 
carbonate.  Filter,  and  wash  the  precipitate  six  times  with  hot 
water. 
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Evaporate  the  combined  filtrates  in  a  platinum  dish  to  dryness 
and  carefully  volatilize  the  ammonium  salts  by  ignition  short  of 
redness.  Cool,  add  25  ml.  of  water  to  the  covered  dish,  add  a  few 
crystals  of  ammonium  oxalate  and  a  drop  of  ammonium  hydrox¬ 
ide,  and  place  on  the  side  of  the  steam  bath  for  15  minutes.  Re¬ 
move,  allow  to  cool,  add  a  few  drops  of  ammonium  carbonate  solu¬ 
tion  (to  precipitate  barium  not  previously  removed  as  carbonate), 
and  after  a  few  minutes  filter  and  wash  the  precipitate  with  a  weak 
solution  of  ammonium  oxalate  (0.1  per  cent)  containing  a  few 
drops  of  the  ammonium  carbonate  solution.  Evaporate  the  fil¬ 
trate  in  a  platinum  dish  to  dryness  and  again  volatilize  am¬ 
monium  salts  at  a  temperature  short  of  redness. 

Cool,  add  a  slight  excess  of  hydrochloric  acid  to  convert  the 
alkali  carbonates  to  chlorides,  evaporate  in  a  small  platinum 
dish  to  dryness,  then  ignite  at  a  barely  perceptible  red  heat  to 
constant  weight.  Dissolve  the  alkali  chlorides  in  hot  water, 
filter  through  a  small  ashless  filter  paper,  wash  thoroughly  with 
hot  water,  place  the  filter  paper  in  the  dish,  ignite,  and  weigh. 
Subtract  the  weight  of  the  dish  plus  residue  from  that  of  the  dish 
plus  residue  plus  alkali  chlorides  to  obtain  the  weight  of  alkali 
chlorides.  In  the  filtrate,  containing  the  chlorides  of  the  alkalies, 
separate  potassium  (rubidium  and  cesium)  from  sodium  (and 
lithium)  by  the  chloroplatinate  method  as  given  by  Hillebrand 
and  Lundell  (4),  and  obtain  the  weight  of  sodium  chloride  by 
difference. 

A  more  accurate  figure  for  sodium  is  probably  obtained  by 
weighing  it  as  sulfate,  after  separating  the  potassium  as  chloro¬ 
platinate  and  removing  the  excess  platinum  with  formic  acid. 
Evaporate  the  sodium  fraction  from  the  precipitation  of  potas¬ 
sium  chloroplatinate  to  dryness,  take  up  in  20  ml.  of  water, 
add  a  few  drops  of  formic  acid,  and  again  evaporate  to  dryness. 
Add  a  few  milliliters  of  water  and  filter  off  the  precipitated 
platinum,  washing  with  hot  dilute  hydrochloric  acid  (1  to  99). 
To  the  filtrate  in  a  small  platinum  dish  add  a  slight  excess  of  sul¬ 
furic  acid,  evaporate,  dry,  and  ignite  carefully  to  remove  excess 
sulfuric  acid.  To  remove  the  last  trace  of  sulfuric  acid  dissolve 
the  sodium  sulfate  in  water,  add  a  few  drops  of  ammonia,  again 
evaporate  to  dryness,  and  ignite  to  constant  weight.  Obtain  the 
weight  of  sodium  sulfate  by  difference  after  weighing  the  dish  and 
insoluble  residue. 


Analytical  Studies 

Contamination  op  Alkalies  by  Magnesium.  Incomplete 
removal  of  magnesium  is  believed  by  some  analysts  to  be  a 
defect  of  the  J.  Lawrence  Smith  method.  Hillebrand  and 
Lundell  (4)  suggest  a  treatment  with  saturated  lime  solution 
to  ensure  its  removal.  But  during  the  ignition  calcium  oxide 
is  formed  and  when  the  cake  is  put  in  water  the  resulting  cal¬ 
cium  hydroxide  probably  prevents  solution  of  most  of  the 
magnesium.  Furthermore,  in  the  final  ignition  of  the  alkali 
chlorides  a  partial  conversion  of  hydrated  magnesium  chlo¬ 
ride  to  oxide  would  result  and  part  of  any  magnesium  remain¬ 
ing  would  be  made  insoluble. 

Tests  were  made  to  determine  how  much  magnesium  from 
minerals  rich  in  that  element  contaminated  the  alkali  chlo¬ 
rides  when  the  J.  Lawrence  Smith  procedure  and  the  barium 
chloride  procedure,  here  given,  were  followed.  Alkali  chlo¬ 
rides  obtained  from  a  biotite  (16.15  per  cent  magnesium  oxide) 
from  Ridgway,  Va.,  by  both  procedures,  gave  no  definite  test 
for  magnesium  in  a  volume  of  50  ml.  by  the  ammonium  phos¬ 
phate  test  even  after  standing  3  days.  Similar  results  were 
obtained  on  a  sample  of  talc  (31.7  per  cent  magnesium  oxide) 
when  treated  by  each  method. 

Contamination  of  Alkalies  by  Sulfates.  Alunite 
containing  20.93  per  cent  of  sulfur  trioxide  was  treated  by 
both  methods  to  test  the  removal  of  sulfates.  After  removal 
of  most  of  the  calcium  as  carbonate  the  solution  from  the  am¬ 
monium  chloride  procedure  contained  0.0268  gram  of  sulfate, 
probably  all  of  which  would  be  found  in  the  alkalies  finally 
weighed  unless  removed  by  special  treatment  with  barium 
chloride.  An  experiment  with  the  barium  chloride  procedure 
gave  but  0.0006  gram  of  sulfate  at  the  same  stage  in  the  proc¬ 
ess.  As  the  solution  at  this  point  was  found  to  contain  a  much 
larger  quantity  of  barium,  the  sulfate  probably  escaped  elimi¬ 
nation  owing  to  solubility,  formation  of  colloidal  barium  sul¬ 
fate,  or  inversion  because  of  the  alkaline  nature  of  the  solution. 


Table  I.  Comparison  of  Results  by  J.  Lawrence  Smith 
and  Barium  Chloride  Methods 


Procedure  A:  J.  Lawrence  Smith;  Na  weighed  as  NaCl;  K  weighed  as 
KjPtCle. 

Procedure  B:  Barium  chloride  method;  Na  weighed  as  NaCl;  K  weighed 
as  KzPtCU. 

Procedure  C:  Barium  chloride  method;  Na  weighed  as  Na2SO<;  K 
weighed  as  K2PtCL. 

Material  and  Location 


Alunite, 

Micro- 

Monzonite 

Biotite, 

Pro¬ 

Marysvale 

cline, 

porphyry. 

San 

Albite, 

Beryl, 

ce¬ 

Dist., 

Bedford,  Henry  Mts.,  Diego, 

Pala, 

Buckfield, 

dure 

Utah 

Va. 

Utah 

Calif. 

Calif. 

Maine 

% 

% 

% 

% 

% 

% 

1.17 

0.56 

LLO 

]  B 

o!oi 

1.20 

\  C 

1.17 

0.47 

(  A 

0.69 

2.01 

9.18 

0.19 

11.58“ 

0.96 

NasO 

1  B 

0.53 

2.05 

9.16 

0.42 

11.80 

(  c 

2.07 

9.09 

0.28 

11.46 

0'96 

i  A 

5.34 

13.66 

0.94 

8.906 

0.30 

0.436 

K2O 

1  B 

5.32 

13.73 

0.97 

8.836 

0.40 

l  C 

13.64 

1.01 

9.026 

0.42 

0  426 

“  Theory  11.49,  taking  K2O  as  0.40%,  finding  0.08%  CaO,  and  sub¬ 
tracting  for  orthoclase  and  anorthite. 

6  (K,  Rb,  CsRPtCk  reported  as  K2O. 


Another  experiment  showed  that  this  small  quantity  of  sulfate 
is  subsequently  removed,  as  the  purified  alkali  chlorides  failed 
to  give  a  definite  test  for  sulfate. 

Volatilization  of  Alkalies  during  Sintering  Process. 
Barium  chloride  melts  at  a  temperature  of  about  962°  C.  and 
apparently  the  barium  chloride  method  would  require  a  higher 
temperature  than  the  usual  method  for  the  reaction  to  begin, 
possibly  resulting  in  volatilization  of  alkalies.  It  is  believed, 
however,  that  with  respect  to  loss  of  alkalies  the  barium  chlo¬ 
ride  method  has  advantages,  because  the  volatile  gases  (carbon 
dioxide  and  water)  would  be  removed  at  a  lower  temperature, 
before  the  reaction  begins,  and  would  not  serve  to  sweep  out 
volatilized  alkalies  and  prevent  their  condensation  on  the 
cooler  part  of  the  crucible. 

Comparison  of  the  Two  Methods.  Samples  were  avail¬ 
able  which  had  previously  been  analyzed  for  alkalies  by  the  J. 
Lawrence  Smith  method  and  these  results  together  with  those 
by  the  new  method  are  given  in  Table  I.  The  monzonite 
porphyry  fisted  contained  2.93  per  cent  of  sulfur  trioxide  and 
special  treatment  was  needed  to  remove  it  when  the  usual  J. 
Lawrence  Smith  procedure  was  used. 

The  results  for  sodium  may  be  slightly  high  where  it  is 
weighed  as  chloride  because  of  incomplete  drying  and  failure 
to  remove  the  barium  completely.  On  the  other  hand,  the 
results  for  sodium  may  be  slightly  low  because  of  too  intense 
heating  prior  to  weighing  and  volatilization  of  sodium  chlo¬ 
ride.  For  these  reasons  weighing  the  sodium  as  sulfate,  as 
was  done  in  procedure  C  of  Table  I,  seems  preferable. 

Lithium  was  determined  by  the  Palkin  method  as  described 
by  Wells  and  Stevens  (9). 

The  results  by  the  two  methods  are  closely  comparable  and 
neither  has  the  advantage  as  to  completeness  of  extraction  of 
alkalies.  However,  the  barium  chloride  method  offers  a 
saving  in  time  and  the  automatic  elimination  of  sulfate. 

Conclusions 

A  modification  of  the  J.  Lawrence  Smith  method  for  the  ex¬ 
traction  of  alkalies  from  rocks  and  silicate  minerals  is  de¬ 
scribed,  in  which  barium  chloride  is  substituted  for  the  am¬ 
monium  chloride  customarily  used  in  the  sintering  mixture. 
The  two  methods  are  of  equal  value  in  completeness  of  alkali 
extraction,  but  the  modification  allows  a  saving  of  time  and 
automatically  removes  any  sulfate  the  sample  contains. 
The  barium  chloride  method  is  advantageously  used  in  analyz¬ 
ing  alunites  because  a  molten  mass  does  not  result  and  the 
cake  is  easily  removed  from  the  crucible  and  disintegrated  in 
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water.  Neither  method  seems  to  be  affected  by  a  large  mag¬ 
nesium  content  in  the  sample. 
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Stable  2,6-Dichlorobenzenoneindophenol  Solutions 

IRWIN  STONE,  Wallerstein  Laboratories,  180  Madison  Ave.,  New  York,  N.  Y. 


OTANDARDIZED  aqueous  solutions  of  the  oxidation- 
^  reduction  indicator,  sodium  2,6-dichlorobenzenoneindo- 

I  phenol  (sodium  2,6-dichlorophenolindophenol)  have,  for  some 
time,  had  widespread  use  in  the  determination  of  vitamin  C 
in  biological  materials  ( 1 ,  2,  9, 10).  Solutions  of  this  dyestuff 
have  also  been  used  by  this  laboratory  in  studies  on  the  state 
of  oxidation  of  malt  beverages  (4,  5,  6). 

The  aqueous  solutions  of  this  dyestuff  are  relatively  un¬ 
stable,  as  shown  in  Table  I,  and  require  frequent  fresh  prepa¬ 
ration  and  standardization  and  storage  in  the  cold.  This 
instability  is  a  serious  disadvantage  in  connection  with  the  use 
of  the  indicator  solution  in  brewing  as  well  as  for  vitamin  C 
tests,  especially  where  means  for  frequent  standardization  and 
refrigeration  are  not  available. 

Table  I.  Stability  of  Aqueous  Solutions  of  Sodium  2,6- 
Dichlobobenzenoneindophenol 


Temperature 

- Assay41 

of  Storage 

Initial 

2  days 

4  days 

8  days 

0  C. 

2 

153 

149 

147 

143 

20 

153 

138 

129 

112 

30 

153 

133 

105 

ca.  90 

37 

153 

123 

ca.  80 

°  All  assays  in  this  paper  are  reported  as  mg.  of  sodium  2,6-dichloro- 
benzenoneindophenol  per  100  ml.  of  solution. 

Attempts  to  improve  stability  by  ether  extraction  of  the 
dry  dyestuff  prior  to  dissolving  in  water,  as  suggested  by 
Knight,  Dutcher,  and  Guerrant  (7),  produced  no  marked  im¬ 
provement  with  the  author’s  dyestuff.  The  use  of  nonaque- 
ous  organic  solvents  was  then  tried. 

It  was  found  that  when  the  sodium  2,6-dichlorobenzenone- 
indophenol  was  dissolved  in  dioxane  acidified  with  glacial 
acetic  acid,  stable  solutions  were  obtained.  Results  of  assays 
of  0.005  M  solutions  of  the  dyestuff  in  dioxane  which  were 
stored  at  room  temperature  in  the  laboratory  are  tabulated  in 
Table  II.  These  results  reflect  the  great  improvement  in  sta¬ 
bility  obtained  over  the  aqueous  solutions  and  indicate  a  loss 
of  strength  of  only  about  2  mg.  per  month. 

Table  II.  Stability  of  Dioxane  Solutions  of  2,6-Dichloro- 

BENZENONEINDOPHENOL  AT  ROOM  TEMPERATURE 


Sam¬ 

Stand¬ 

Sam¬ 

Stand¬ 

Sam¬ 

Stand¬ 

ple 

ing 

Assay 

ple 

ing  Assay 

ple 

ing 

Assay 

Month 8 

Mg.  per 

Mg.  per 

Mg.  per 

100  ml. 

Months  100  ml. 

Months 

100  ml. 

A 

Initial 

146 

B 

Initial  147 

C 

Initial 

146 

1 

144 

2.5  144 

2 

141 

3.5 

139 

The  rate  of  evaporation  of  dioxane  is  not  appreciably 
greater  than  of  water  (vapor  pressure  at  20°  C.:  dioxane,  26 
mm.  of  mercury;  water,  18  mm.)  and  no  trouble  should  be 
encountered  from  this  source.  However,  during  the  vitamin 
C  titrations  the  volume  of  the  dioxane  solution  added  should 
not  exceed  more  than  about  10  per  cent  of  the  total  volume, 
as  the  presence  of  excessive  amounts  of  dioxane  may  interfere 
with  the  sharpness  of  the  end  points. 


Commercial  dioxane,  especially  if  it  has  been  standing  for 
some  time,  contains  small  amounts  of  peroxides,  but  these  can 
be  eliminated  almost  completely  by  distillation.  Traces  of 
peroxides  in  the  dioxane  have  no  effect  on  the  vitamin  C 
titrations,  but  they  do  interfere  in  the  standardization  if  the 
iodide-sulfuric  acid  method  (3,  8)  is  used.  Standardization 
of  the  dioxane  solutions  against  one  of  the  ascorbic  acids 
avoids  this  interference. 

Method  of  Preparation 

Distill  500  ml.  of  dioxane,  discarding  the  first  50  ml.  and  the 
last  50  ml.  Weigh  out  sufficient  sodium  2,6-dichlorobenzenone- 
indophenol  to  give  a  final  solution  slightly  stronger  than  needed 
(usually  about  0.2  gram  per  100  ml.  for  0.005  M,  but  the  assay  of 
different  batches  of  the  dry  indicator  varies).  This  permits 
dilutions  to  exact  strength  if  desired. 

Stir  the  indicator  into  the  dioxane  and  add  1  ml.  of  glacial 
acetic  acid  for  every  100  ml.  of  solution.  Stir  thoroughly  for 
about  15  minutes,  breaking  up  any  lumps  with  a  stirring  rod. 
Filter  through  a  dry  No.  42  Whatman  filter  paper  and  standardize 
the  clear  red  filtrate. 

Standardize  against  pure  ascorbic  acid  in  the  usual  manner, 
keeping  the  volume  of  added  dioxane  belowT  about  10  per  cent  of 
the  total  volume. 

Literature  Cited 

(1)  Bessey,  O.  A.,  and  King,  C.  G.,  J.  Biol.  Chem.,  103,  687  (1933). 

(2)  Birch,  T.  W.,  and  Dann,  W.  J.,  Nature,  131,  469  (1933). 

(3)  Buck,  R.  E.,  and  Ritchie,  W.  S.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  10, 

26  (1938). 

(4)  Gray,  P.  P.,  and  Stone,  I., ./.  Inst.  Brewing,  45,  243  (1939). 

(5)  Ibid.,  p.  443. 

(6)  Gray,  P.  P.,  Stone,  I.,  and  Rothchild,  H.,  Wallerstein  Labs. 

Commun.  Sci.  Practice  Brewing,  No.  7,  49  (1939). 

(7)  Knight,  C.  A.,  Dutcher,  R.  A.,  and  Guerrant,  N.  B.,  Science,  89, 

184  (1939). 

(8)  Menaker,  M.  H.,  and  Guerrant,  N.  B.,  Ind.  Eng.  Chem.,  Anal. 

Ed.,  10,  25  (1938). 

(9)  Mottern,  H.  H.,  Nelson,  E.  M.,  and  Walker,  R.,  J.  Assoc.  Official 

Agr.  Chem.,  15,  614  (1932). 

(10)  Tillmans,  J.,  et  al.,  Z.  Untersuch.  Lebensm.,  63,  1,  21,  241,  276 

(1932). 


Removal  of  Sulfur  from  Laboratory 
Glassware 

HENRY  S.  WILSON 

Louisville  Municipal  College,  Louisville,  Ky. 

rpo  REMOVE  sulfur  from  laboratory  glassware,  all  that  is 
X  needed  is  tap  water  or  hot  water.  Water  should  be  al¬ 
lowed  to  remain  in  the  glassware  for  a  day  or  longer,  and  the 
removal  may  be  accomplished  by  using  a  knife,  file  shank,  or 
stirring  rod  as  a  reamer  to  aid  loosening  caused  by  the  solvent 
power  of  the  water.  In  more  stubborn  cases  the  sulfur  is 
heated  and  run  down  the  sides  of  the  vessel,  allowed  to  cool, 
and  then  given  the  water  treatment.  On  standing,  the  sulfur 
cracks  from  the  sides  of  the  glassware  and  falls  to  the  bottom. 


Determination  of  Sodium  in  the  Presence 

of  Other  Metals 


E.  C.  ELLIOTT,  Sinclair  Refining  Company,  East  Chicago,  Ind. 


THIS  paper  concerns  experimental  work  undertaken  to 
ascertain  whether  sodium  could  be  quantitatively  deter¬ 
mined  by  the  magnesium  uranyl  acetate  method  in  the  pres¬ 
ence  of  the  following  metals:  beryllium,  cerium,  columbium, 
lanthanum,  neodymium,  tantalum,  thallium,  thorium,  vana¬ 
dium,  and  zirconium.  Because  of  the  necessity  of  removing 
silica  from  the  samples  to  be  analyzed,  fluorine  and  sulfuric 
acid  were  also  investigated. 

The  effect  of  many  other  metals  has  been  reported  by  Bar¬ 
ber  and  Kolthoff  {1,2),  Kolthoff  (7),  Bridges  and  Lee  (3),  and 
others.  Some  of  the  work  was  done  with  the  zinc  uranyl  ace¬ 
tate  reagent.  Their  work  was  checked  by  this  laboratory 
using  the  magnesium  uranyl  acetate  reagent  in  place  of  the 
zinc  uranyl  acetate  reagent  in  the  presence  of  aluminum,  cal¬ 
cium,  chromium,  iron,  and  titanium;  the  former  gave  as 
accurate  sodium  determinations  in  the  presence  of  these 
metals  as  the  latter. 

All  the  sodium  determinations  were  made  with  a  slight 
modification  of  the  method  of  Caley  and  Faulk  (5)  revised  by 
Caley  and  Sickman  (6).  The  reagent  (in  two  solutions)  is 
prepared  as  follows: 

Solution  A  Solution  B 

Uranyl  acetate  90  grams  Magnesium  acetate  600  grams 

Acetic  acid  60  grams  Acetic  acid  60  grams 

Water  to  make  1000  ml.  Water  to  make  1000  ml. 

Heat  separately  to  70°  C.  to  obtain  clear  solutions.  Mix  and 
cool  to  between  20°  and  30°  C.,  and  allow  to  stand  overnight 
before  using.  Because  of  traces  of  sodium  in  the  reagents,  the 
solution  will  be  saturated  with  the  sodium  magnesium  uranyl 
acetate  and  the  excess  will  be  precipitated.  Filter  the  reagent 
immediately  before  using  at  a  temperature  not  to  exceed  30°  C. 
and  carry  out  all  subsequent  work  with  the  reagent  at  this  tem¬ 
perature.  Caley  and  Faulk  recommend  20°  C.  for  all  work,  but 
consistent  results  were  obtained  anywhere  between  20°  and 
30°  C.,  providing  the  precipitation  and  filtration  were  carried  out 
at  the  same  temperature  at  which  the  fresh  reagent  was  filtered. 

Reduce  the  volume  of  the  neutral  or  slightly  acid  solution  con¬ 
taining  the  sodium  as  the  chloride  or  sulfate  to  3  to  5  ml.,  rapidly 


Table  I.  Determination  of  Sodium 


Metal 

Form 

Metal 

Na 

Added 

Mg. 

Mg. 

Be 

BeSOi 

19.2 

None 

1.0 

5.0 

Ce 

Ce02“  +  HC1 

244 

None 

1.0 

5.0 

La 

La2(SO,)3 

139 

None 

1.0 

5.0 

Nd 

Nd2Os  +  HC1 

90 

None 

1.0 

5.0 

T1 

T1C1 

170 

None 

1.0 

5.0 

Th 

Th(N03)< 

121 

None 

1.0 

5.0 

V 

V202S0i 

35 

None 

1.0 

5 . 0 

Zr 

ZrSC>4 

142 

None 

1.0 

5.0 

a  Technical  grade. 


Na 

Found 

Na  Found  — 
Na  in 
Blank 

Error 

Mg. 

Mg. 

Mg. 

% 

None 

1.02 

4.82 

1.02 

4.82 

+  6'.  02 
-0.18 

+  2.0 
-3.6 

2.99 

4.02 

8.19 

1  03 
5.20 

+  003 
+  0.20 

+3 . 0 
+  4.0 

None 

0.97 

5.02 

0.97 

5.02 

-0.03 

+0.02 

-3.0 
+  0.4 

None 

0.98 

5.03 

O'.  98 
5.03 

-6.02 

+0.03 

-2.0 
+  0.6 

None 

1.00 

4.81 

Too 

4.81 

6.00 

-0.19 

0.0 

-3.8 

0.03 

1.02 

4.95 

0.99 

4.92 

-6.01 

-0.08 

-1.0 

-1.6 

0.18 

1.17 

5.14 

0.99 

4,96 

-6.01 

-0.04 

-To 

-0.8 

0.01 

1.02 

5.10 

1.01 

5.09 

+o‘.oi 

+  0.09 

+  1.0 
+  1.8 

add  100  ml.  of  freshly  filtered  reagent,  and  mix  the  two  solutions. 
Stir  the  solutions  for  30  minutes  and  filter  in  a  Gooch  crucible, 
using  gentle  suction.  Wash  the  precipitate  with  10  ml.  of  the 
reagent  and  then  with  20  to  30  ml.  of  alcohol  previously  saturated 
with  the  precipitate.  Dry  the  crucible  in  an  oven  at  105°  C.  for 
30  minutes  and  weigh  as  NaC2H302.Mg(C2H302)2.3(U02)- 
(C2H302)2.6V2H20.  The  weight  of  precipitate  times  0.0153 
equals  the  weight  of  the  sodium.  In  no  case  should  more  than  10 
mg.  of  sodium  be  determined  unless  10  ml.  more  of  reagent  are 
used  for  each  additional  milligram  of  sodium. 

In  these  experiments  volumes  of  standard  sodium  chloride 
solution  equivalent  to  1,  5,  or  10  mg.  of  sodium  were  added  to 
known  amounts  of  the  salts  to  be  tested. 


Table  II. 


Antimony 

Mg. 


Determination  of  Sodium  in  Presence  of 
Antimony 


Treatment 


Sodium 

Determined 

Mg. 


63  Antimony  not  removed  1 . 3 

63  Antimony  removed  with  H2S  1 . 4 

250  Antimony  not  removed  Heavy  gelatinous  precipitate 

formed  upon  addition  of  re¬ 
agent 


Table  III.  Interference  of  Fluoride 


Compound 

Na 

Added 

Na 

Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

% 

A1F3 

280 

None 

2.22 

AIFs 

280 

None 

0.61 

AIF3 

140 

10.0 

11.25 

+  i.25 

+  12.5 

NaF 

18.3 

10.0° 

10.4 

+  0.4 

+4.0 

A12(SC>4)3 

500 

None 

None 

A12(S04)3 

500 

10.0 

10.22 

+6122 

+  2.2 

H2SC>4 

1840 

10.0 

10.49 

+0.49 

+4.9 

AIF36 

200 

None 

0.03 

AiF3i> 

200 

None 

0.04 

NaF 

18.3 

10.0° 

9.60 

-6'.  4 

-4.0 

NaF 

9.15 

5.0“ 

5.05 

+  0.05 

+  1.0 

NaF 

1.83 

1.0“ 

1.05 

+0.05 

+  5.0 

a  Sodium  present  as  NaF. 

b  Fluorine  removed  with  H2SO4  before  sodium  determination. 


Table  I  shows  the  results  of  experimental  work  on  elements 
which  did  not  interfere  with  the  sodium  precipitation.  As 
some  of  the  salts  used  contained  small  amounts  of  sodium, 
blank  experiments  were  made  and  a  corresponding  correc¬ 
tion  was  made  in  the  determined  weight  of  each  precipitate. 
This  procedure  seemed  justified  by  the  consistency  of  the 
values  obtained. 

Caley  (4)  reports  that  not  less  than  0.20  mg.  of  sodium  can 
be  determined,  and  this  figure  was  taken  by  this  laboratory 
as  the  maximum  allowable  error.  The  results  of  the  experi¬ 
ments  in  Table  I  are  all  within  this  limit  of  error. 

Interfering  Elements 

An  attempt  was  made  to  determine  sodium  in  the  presence 
of  columbium  and  tantalum.  These  metals  formed  heavy 
gelatinous  precipitates  upon  addition  of  the  acid  reagent. 
For  satisfactory  sodium  determinations  these  elements 
should  be  removed  before  determining  sodium. 

Several  authors  have  reported  that  antimony  precipitates 
with  the  reagent  and  such  was  the  experience  in  this  laboratory 
with  large  amounts  (250  mg.)  of  antimony.  On  a  sample 
containing  smaller  amounts  of  antimony  (63  mg.)  consistent 
results  were  obtained  with  and  without  removal  of  antimony 
with  hydrogen  sulfide  (Table  II). 

Some  of  the  samples  for  analysis  of  traces  of  sodium  con- 
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tained  70  to  90  per  cent  of  silica,  1  to  20  per  cent  of  aluminum 
and  other  metallic  oxides,  and  the  remainder  moisture. 

Removal  of  the  silica  was  attempted  by  adding  hydrofluoric 
acid  to  the  sample  and  volatilizing  fluosilicic  acid  and  the  excess 
hydrofluoric  acid  on  a  hot  plate.  The  residue  was  dissolved 
in  hydrochloric  acid  and  the  sodium  determined  without 
removal  of  the  metals.  The  results  obtained  were  very  erratic ; 
some  duplicate  results  differed  as  much  as  100  per  cent. 

Experiments  with  pure  aluminum  fluoride,  aluminum  sul¬ 
fate,  sulfuric  acid,  and  sodium  fluoride  (Table  III)  led  to  the 
conclusion  that  a  readily  soluble  fluoride  such  as  sodium 
fluoride  will  not  interfere  with  the  sodium  determinations 
but  varying  amounts  of  aluminum  fluoride  will  be  precipi¬ 
tated  in  the  concentrated  reagent.  This  difficulty  was  over¬ 
come  by  adding  1  ml.  of  concentrated  sulfuric  acid  with  the 
hydrofluoric  acid  and  evaporating  to  dryness.  This  pro¬ 
cedure  removed  all  the  silica  and  fluoride  and  eliminated  the 
former  erratic  results. 


Summary 

The  magnesium  uranyl  acetate  method  for  determining 
small  amounts  of  sodium  can  be  successfully  used  in  the 
presence  of  beryllium,  cerium,  lanthanum,  neodymium, 
thallium,  thorium,  vanadium,  and  zirconium.  Silica,  if 
present,  can  be  removed  with  hydrofluoric  acid  and  sulfuric 
acid.  Columbium  and  tantalum  will  precipitate  in  the  acid 
reagent,  but  no  difficulty  is  encountered  if  these  elements 
are  removed  previous  to  the  sodium  determination. 
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Weighing  Flask  for  Precision  Standardization  of  Strong 
Alkalies  in  the  Absence  of  Carbon  Dioxide 

PAUL  NAHINSKY  and  H.  A.  LAITINEN 
Institute  of  Technology,  University  of  Minnesota,  Minneapolis,  Minn. 


DURING  a  recent  investigation  involving  the  testing  and 
use  of  several  alkalimetric  and  acidimetric  primary 
standards,  it  became  necessary  to  carry  out  a  large  number  of 
highly  precise  acid-base  titrations  in  the  absence  of  carbon 
dioxide.  None  of  the  weighing  flasks  described  in  the  litera¬ 
ture  ( 1 )  was  suitable  for  the  purpose.  This  note  describes  a 
rapid  and  highly  reproducible  method  for  the  standardization 
of  strong  alkalies  under  such  conditions. 

A  125-ml.  Pyrex  Erlenmeyer  flask  is  fitted  with  a  standard 
interchangeable  two-in-one  glass  stopper,  A,  A',  and  inflow,  B, 
and  outflow,  B',  tubes  carrying  small  ungreased  stopcocks.  The 
gas  inlet  tube  is  somewhat  constricted  at  the  tip  to  permit  a  fine 
stream  of  bubbles  to  present  a  maximum  of  surface  and  stirring 
effect.  The  complete  assembly  should  not  weigh  over  60  grams. 

Method  of  Performing  Titration.  Suppose  that  it  be  re¬ 
quired  to  standardize  a  stock  solution  of  strong  alkali,  using 
either  constant-boiling  hydrochloric  acid  or  an  appropriately 
diluted  solution  of  it.  The  flask,  previously  dried  with  a  stream 
of  dustless  air  and  tared  with  a  glass  vessel  of  approximately 
equal  surface,  is  weighed  empty  to  the  nearest  hundredth  gram 
(or  milligram  if  desired).  A  roughly  determined  amount  of  the 
standard  acid  is  introduced  and  the  flask  weighed  again.  Two 
or  three  drops  of  an  indicator  solution  are  added  and  weighed 
(if  an  aqueous  indicator  solution  is  used  it  may  be  weighed  with 
the  empty  flask,  but  with  an  alcoholic  indicator  solution  the 
above  procedure  is  recommended  to  prevent  loss  by  evaporation) . 


Table  I. 

Weight  Normality  of  Barium  Hydroxide 
Solution 

I 

II 

III 

0.17875 

0.17881 

0.178888 

0.17877 

0.17881 

0.178883 

0.17876 

0.17880 

0.178887 

0.17877 

0.17881 

0.178886 

The  flask  is  then  connected  directly  to  the  stock  buret,  which  is 
provided  with  a  long  tip  carrying  a  small  rubber  stopper  to  fit 
stopper  A'.  A  stream  of  nitrogen  or  carbon  dioxide-free  air  is 
bubbled  through  the  acid  for  several  minutes,  the  alkali  is  added 
with  one  drop  in  excess,  and  the  vessel  is  weighed  with  stopper  A 
in  place.  Stoppers  A  and  A'  are  then  removed,  the  sides  are 
washed  down  with  freshly  boiled  distilled  water,  and  the  back- 
titration  is  performed  with  dilute  acid  from  an  ordinary  buret. 
With  practice,  using  two  weighing  flasks,  four  such  determina¬ 
tions  can  be  made  per  hour  with  high  precision. 


A  set  of  consecutive  results  selected  from  the  data  for  the 
standardization  of  nearly  saturated  solution  of  barium  hy¬ 
droxide  is  given  in  Table  I.  The  conditions  under  which  these 
titrations  were  carried  out  were  extremely  unfavorable,  the 
humidity  being  close  to  the  saturation  point  and  the  labora¬ 
tory  temperature  about  30°  C. 


If  a  solid  primary  standard,  such  as  benzoic  acid  or  sulfamic 
acid,  is  employed,  the  procedure  is  similar,  except  that  the 
standard  is  weighed  into  the  flask  from  a  weighing  bottle  and 
dissolved  in  an  appropriate  amount  of  water.  No  danger  of 
overloading  the  analytical  balance  exists,  since  the  maximum 
total  weight  of  the  flask  and  solution  never  exceeds  150  grams. 
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A  Filtering  Apparatus 

J.  F.  KING  AND  H.  F.  PRIEST,  Williams  College,  William  stow  n,  Mass. 


IN  SOME  radioactive  research  in  this  laboratory,  thorium- 
X  is  used.  It  is  separated  from  the  supply  of  radiothorium 
by  adding  gaseous  ammonia  to  a  hot  hydrochloric  acid  solu¬ 
tion  of  radiothorium  containing  iron.  The  radiothorium  pre¬ 
cipitates  with  the  ferric  hydroxide,  leaving  the  thorium-X  in 
the  supernatant  solution.  The  gaseous  ammonia  must  be 
added  to  a  hot  solution  of  radiothorium  to  prevent  the  pre¬ 
cipitation  by  the  carbon  dioxide  from  the  air  of  a  basic  car¬ 
bonate  of  thorium-X  along  with  the  ferric  hydroxide. 


To  speed  up  and  simplify  the  filtration  of  the  solution 
from  the  gelatinous  precipitate  of  ferric  hydroxide,  a  filtra¬ 
tion  apparatus,  illustrated  in  Figure  1,  was  designed.  The 
hot  beaker  is  held  by  a  clamp  on  a  solid  support,  so  that 
the  gelatinous  precipitate  settles  to  the  bottom  of  the  beaker. 
During  the  filtration,  the  precipitate  is  not  stirred  up,  as 
is  the  case  when  the  beaker  is  jiggled  by  holding  in  the  hand. 
The  supernatant  solution  can  be  decanted  off  to  the  last 
drop  without  carrying  over  into  the  filter  the  gelatinous  ferric 
hydroxide,  which  so  readily  plugs  up  the  pores  of  the  filter 
paper  and  slows  down  the  filtration. 

This  filtering  apparatus  has  been  found  useful  in  a  number 
of  laboratory  procedures  in  separating  precipitates,  especially 


from  hot  solutions,  and  also  in  adding  reagents  dropwise 
from  a  beaker. 

A  represents  a  rubber-covered  clamp  which  can  be  adjusted  by 
a  screw,  G,  to  take  a  number  of  different  sized  beakers. 

B  represents  thumbscrews  which  can  be  used  to  regulate  the 
positions  of  the  stirring  rod,  the  beaker,  and  the  filter  funnel. 
D  is  a  40-1  worm  screw  which  allows  the  beaker  to  be  tilted  by 
the  thumbscrew,  C,  so  slowly  that  a  liquid  can  be  poured  from 
the  beaker  at  rates  down  to  1  drop  in  3  seconds. 

E  is  a  coiled  spring  which  holds  the  stirring  rod  against  the  lip 
of  the  beaker  and  moves  the  funnel  support  as  the  beaker  is  being 
tilted  through  an  arc. 

The  special  advantages  of  filtering  with  this  apparatus  over 
the  usual  hand  methods  are:  (1)  The  beaker  and  rod  are 
held  so  firmly  that  none  of  the  precipitate  is  stirred  up  during 
the  filtration.  (2)  The  beaker  can  be  kept  hot  with  a  small 
burner  during  the  filtration.  (3)  The  rate  of  filtration  can  be 
easily  controlled  by  a  slight  turn  of  the  thumbscrew,  C,  with¬ 
out  stirring  up  the  precipitate.  (4)  The  supernatant  solu¬ 
tion  can  be  decanted  off  to  the  last  drop  without  carrying 


418 


JULY  15,  1940 


ANALYTICAL  EDITION 


419 


the  precipitate  over  into  the  filter.  (5)  The  precipitate  can 
be  thoroughly  washed  by  decantation  and  still  remain  in  the 
beaker. 

In  Figure  2  is  shown  a  motor  attachment  that  eliminates 
all  handwork  in  a  filtration. 

The  thumbscrew,  C,  is  moved  from  its  position  in  Figure  1  to 
the  one  shown  in  Figure  2.  7  is  a  constant-speed  synchronous 

motor  (sold  by  Herbach  and  Rademan,  Philadelphia),  to  which  is 
attached  a  4.5-inch  Dowmetal  disk,  M,  which  revolves  at  a  rate 
of  one  revolution  per  hour.  L  is  a  0.625-inch  drive  wheel  of  Rub¬ 
ber  or  neoprene  controlled  by  the  setscrew,  R ,  which  is  used  to 


regulate  the  speed  at  which  the  beaker  is  tilted.  F  controls  a  slip 
coupling,  held  in  position  by  the  spring,  0,  by  means  of  which 
the  beaker  is  set  for  the  start  of  the  filtering.  This  coupling  can 
be  disconnected  and  the  filtering  done  by  turning  the  thumb¬ 
screw,  C.  N  is  an  adjustable  counterweight  to  balance  the 
weight  of  the  beaker  with  its  solution. 

The  filtering  apparatus  has  been  in  constant  use  for  several 
months  and  has  given  complete  satisfaction.  The  equip¬ 
ment  is  being  developed  for  the  market  by  the  E.  H.  Sargent 
Company,  Chicago,  Ill. 


Machine  for  Testing  Dentifrice  Abrasion 


RALPH  W.  SMITH,  Ste.  Genevieve 

This  paper  describes  the  design  and 
operation  of  a  machine  for  running  produc¬ 
tion  control  tests  on  the  abrasiveness  of 
precipitated  calcium  carbonates.  The  ma¬ 
chine  is  also  used  for  testing  dentifrices  to 
determine  if  their  abrasiveness  is  suf¬ 
ficiently  low  to  class  them  as  safe.  Nu¬ 
merous  test  series  indicate  that  the  machine 
is  sensitive,  dependable,  and  accurate 
within  the  limits  necessary  for  its  purpose. 

Its  special  advantages  are  described  and 
other  uses  are  suggested. 

THE  machine  described  here  was  designed  primarily  for 
plant  production  control  tests  on  the  comparative  abra¬ 
siveness  of  precipitated  calcium  carbonates,  U.  S.  P.,  and 
for  such  uses  it  must  be  accurate,  sensitive,  rapid,  and  easily 
operated.  A  study  of  numerous  existing  machines  (and 
papers  relating  wholly  or  partially  to  the  subject)  indicated 
that  it  was  difficult  to  build  a  machine  on  which  duplicate 
abrasion  results  could  be  obtained.  Other  experimenters  {11, 
12)  state: 

The  development  of  a  test  suitable  for  finer  powders,  which 
requires  an  inert  abraded  surface  giving  loss  large  enough  to  be 
weighed  or  estimated  chemically  while  the  feed  of  an  abrasive 
material  is  maintained  steady  and  the  bearing  area  is  controlled, 
is  more  difficult  .  .  .  The  method  of  feeding  the  plate  with  a 
suitably  thin  film  of  the  suspension  under  the  test  is  the  most 
essential  part  of  the  present  apparatus  .  .  .  Reproducible  results 
could  be  obtained  only  if  a  certain  somewhat  critical  film  thick¬ 
ness  is  fed  to  the  plate  ...  If  too  much  suspension  passes  it  causes 
abrasion  only  of  the  far  edge,  whilst  with  too  thin  a  film  the  plate 
runs  unsteadily  and  again  a  small  loss  is  obtained. 

Although  disks  (silver  and  glass)  were  run  in  groups  of  three  on 
each  table,  the  losses  were  not  uniform  for  the  individual  runs. 
Repeat  tests  did  not  give  the  same  relative  amounts  of  loss. 

In  the  machine  just  referred  to  {11)  a  much  larger  antimony 
or  metal  surface  was  used  (5  X  3.75  cm.,  2  X  1.5  inches) 
than  the  one  described  in  this  paper  (4.5  X  12  mm.)  and  at 
times  the  larger  antimony  block  became  convex  or  concave. 

The  writer  believes  the  considerable  difference  in  speed  of 
rubbing  and  total  rubbing  distance  between  the  inner  and 
outer  edges  of  the  antimony  specimen  with  the  larger  surface 
caused  the  concave  or  convex  abrasion.  Comparing  the  speed 
of  rubbing  contact  and  total  travel  distance  during  the  test, 
the  extreme  variation  between  the  inner  and  outer  edges  on 
the  large  specimen  was  21  per  cent,  whereas  the  variation 
with  the  much  smaller  specimen  was  only  3  per  cent.  Later 


Lime  Company,  Ste.  Genevieve,  Mo. 

modifications  in  this  apparatus  have  apparently  overcome 
some  of  these  difficulties  and  have  also  improved  the  ease  of 

working  {10).  . 

The  machine  here  described  (using  the  small  specimen) 
is  not  easily  affected  by  film  thickness,  nor  is  there  a  lack  of 
abrasion  uniformity  on  the  edges  of  the  metal  specimens.  A 
series  of  about  500  tests  indicates  that  this  machine  is  not 
easily  affected  by  operation  or  manipulation  conditions  ex¬ 
cept  variations  in  the  abrasive  characteristics  of  the  ma¬ 
terials  tested. 

Abrasion  Machine 

Method  of  Drive.  A  constant-speed,  governor-controlled, 
vibrationless  dictaphone  motor  (2,  Figure  1)  is  used  for  driving 
the  machine.  Copying  the  design  of  other  similar  machines,  a 
wonn-and-gear  direct  drive  from  the  motor  to  the  first  counter 
shaft  was  used  at  first,  but  this  produced  vibration  which  not 
only  multiplied  abrasion  loss  on  the  metal  specimen  blocks  from 
three  to  five  times,  but  also  made  it  impossible  to  check  closely 
on  repeat  tests.  In  the  present  arrangement  the  motor  is  fastened 
in  vertical  position  to  a  plate  which  is  bolted  to  a  heavy  wooden 
block,  17,  mounted  on  rubber  feet.  For  additional  weight  and 
consequent  absorption  of  vibration,  a  piece  of  steel  shaft  (5  cm., 
2  inches,  in  diameter  by  25  cm.,  10  inches,  long)  is  inserted  m  a 
hole  drilled  in  the  wood  block.  Thus  minor  vibration  is  absorbed 
by  inertia  of  the  heavy  block  on  rubber  feet  and  the  method  of 
drive  to  the  first  countershaft. 

The  abrasion  machine  itself  is  entirely  separate  from  the  motor 
drive  and  is  placed  about  20  cm.  (8  inches)  away  from  the  motor 
shaft.  The  machine  is  also  mounted  on  rubber  (typewriter  feet, 
16),  and  the  only  connection  between  the  motor  and  the  abrasion 
machine  is  the  belt  drive,  which  is  a  light  rubber  band,  14,  cut 
from  a  large  inner  tube.  The  elasticity  and  vibration-absorption 
quality  of  this  rubber  belt  are  a  final  guarantee  that  no  vibration 
will  reach  the  abrasion  machine.  . 

From  the  top  pulley  of  the  first  countershaft  on  the  abrasion 
machine,  a  sewing-machine  belt,  12,  drives  the  second  counter- 
shaft,  vertically  mounted,  on  top  of  which  is  fitted  the  aluminum- 
alloy  test  pan.  All  four  shaft  bearings  on  the  abrasion  machine 
proper  are  high-grade,  ground  ball  bearings,  lo,  which  also  elimi- 
nate  vibration  and  reduce  friction  to  a  minimum.  In  designing 
this  machine,  consideration  was  given  to  the  desirability  of  in¬ 
cluding  a  two-direction  motion  because  of  the  related  problems  of 
surface  flow  on  metal  specimens  and  the  tendency  of  particles  to 
rest  in  similar  positions.  Two-direction  motion,  however,  was 
not  added  because  of  the  mechanical  difficulty  of  producing  it 
without  also  introducing  lost  motion  and  the  consequent  bump 
and  pile-driver  effect  of  the  specimen  holder  at  the  end  of  each 
stroke 

Test  Pan.  The  aluminum  test  pan  (Castalloy,  4)  is  integral 
with  the  countershaft  on  which  it  is  mounted,  so  that  it  will  run 
true.  In  the  pan  is  a  recess  into  which  wTax,  5,  is  poured  for  the 
abrasion  contact  surface.  Five  brass  machine  screws  permit  the 
pan  to  be  taken  off  after  every  test  to  wash  the  plate. 

Cutting  Tool.  The  lathe-type  cutting  tool,  11,  is  used  to  cut 
the  wax  to  a  true  flat  surface.  Before  starting  a  test,  the  wax  sur¬ 
face  is  planed  true  and  then  scraped  lightly  with  a  safety-razor 
blade.  After  the  wax  surface  has  been  prepared  in  this  manner, 
the  specimen  holders  show  no  up-and-down  movement  with  the 
machine  in  operation  on  an  abrasion  test. 
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Figure  1.  Machine  for  Testing  Dentifrice  Abrasion 


Description 

1  R&sisthmce:  Coil 

2  Constant-speed  Governor- controlled 
Columbia"  Dictaphone  Motor 

3  Friction  Governor  Cohtrol  i  Fan 
h  Removable  Aluminum- alloy  Test  P/in 

5  Wax  Surface 

6  Adjustable  Sample  Spreader 

7  20-gram  Weight 

6  Hard  Rubber  Specimen  Holders 

9  Precision  Link  Motion 

10  Specimen  Block 

11  Lathe -type  Cunma  Tool 

12  Sewing-machine  Belt  Drive 

13  VEEDER  Revolution  Counter 
ih  Jnher-tube  Rubber  Band  Belt 

15  Ground  Ball  Bearings 

16  Rubber  Typewriter  Feet 

17  Built-up  Cypress  Block 


MACHINE  for  TESTING 

DENT/FPICE  EffPPS/OE 


Specimen  Holders.  The  machine  has  two  duplicate  specimen 
holders,  8,  opposite  each  other,  so  that  two  specimens  can  be 
used  as  a  check.  Precision  manufacture  is  necessary  in  the  entire 
machine,  but  especially  in  the  link  motion,  9,  on  the  specimen 
holders,  to  eliminate  lost  motion.  The  vertical  circular  rod  is 
of  hard  rubber;  the  weight  holder  and  link-motion  arms  are  brass. 
The  distance  between  the  upper  and  lower  arm  link  should  be  at 
least  5  cm.  (2  inches),  so  as  to  prevent  the  rod  from  tilting  when 
the  machine  is  in  operation. 

Considerable  experimentation  was  necessary  with  various 
methods  of  holding  the  specimen,  10,  so  that  it  would  rub  uni¬ 
formly  on  the  slurry.  Satisfactory  results  were  obtained  by  not 
fastening  the  block  to  the  rod.  The  groove  in  the  bottom  of  the 
rod  (into  which  the  specimen  fits)  is  about  0.3  mm.  wider  than 
the  specimen;  it  is  not  cut  entirely  across  the  end  of  the  rod,  but 
ends  with  a  shoulder  against  which  the  end  of  the  metal  specimen 
abuts.  Thus  the  rod  and  its  20-gram  brass  weight,  7,  with  a 
total  downward  thrust  of  63  grams,  ride  on  the  metal  specimen 
without  actually  being  fastened  to  it. 

Many  tests  were  run  in  order  to  determine  the  exact  dimensions 
of  the  groove  in  the  rod  and  location  of  the  shoulder,  so  as  to 
abrade  the  specimens  properly.  The  specimen  blocks  are  4.5  mm. 
wide  by  12  mm.  long;  the  vertical  measurement  on  a  new  speci¬ 
men  is  5  to  6  mm.,  and  this  is  gradually  reduced  to  about  4  mm. 
after  the  specimen  has  been  used.  For  uniform  abrasion  5  mm. 
of  the  12-mm.  specimen  should  project  in  front  of  the  rod;  other¬ 
wise  wear  on  the  specimen  surface  is  not  uniform.  Using  the 
above  proportions,  the  specimens,  even  in  the  very  early  stages 
of  an  abrasion  test  (20  or  30  revolutions),  show  uniform  wear 
over  the  entire  surface,  indicating  uniform  pressure,  lack  of  vi¬ 
bration,  and  initial  uniform  abrasion. 

Uniformity  of  abrasion  rate  was  checked  in  a  series  of 
tests  in  which  the  specimens  were  removed  at  the  end  of 
every  2000  revolutions,  weighed,  and  put  back  in  the  machine, 
up  to  16,000  revolutions  (standard  test  ends  at  6000  revolu¬ 
tions).  The  loss  for  each  2000  revolutions  checked  closely 
(Table  I). 

Spreader.  An  adjustable  sample  spreader,  6,  turns  the 
slurry  over,  mixes  it,  and  presents  new  material  continuously  to 
the  specimens  during  the  testing  cycle.  The  slurry  is  made  suffi¬ 
ciently  thin  so  that  the  track  will  close  up  in  the  space  between 
the  two  specimen  holders  where  there  is  no  spreader.  The 


spreader  is  adjustable  up  and  down;  it  can  also  be  turned  up  out 
of  the  way  to  allow  easy  removal  of  the  aluminum  plate.  When 
a  test  is  completed,  small  rubber  bands  are  hooked  from  the  top 
of  the  specimen  holders  to  the  supporting  rod  to  hold  the  speci¬ 
men  holders  vertically  upright,  close  to  the  supporting  rod,  and 
out  of  the  way. 

Revolution  Counter.  The  revolution  counter,  13,  is  driven 
directly  by  the  pair  of  brass  miter  gears  shown  in  Figure  1.  The 
counter  has  a  reset  device,  so  it  can  be  quickly  turned  back  to 
zero  for  a  new  test. 

Materials.  The  abrasion  machine  proper  is  made  from  ma¬ 
terials  which  will  not  rust  nor  corrode:  brass,  aluminum,  hard 
rubber,  and  Allegheny  metal.  This  is  important  because  the 
machine  will  be  used  for  production  control  tests  over  a  period 
of  years,  and  it  must  remain  in  close  adjustment,  so  that  this 
year’s  results  may  be  checked  against  those  to  be  obtained  in 
future  years. 

Metal  Specimens 

The  rubbing  area  measurement  of  4.5  by  12  mm.  was 
selected  in  order  to  check  results  obtained  on  a  similar  ma¬ 
chine  in  a  commercial  laboratory.  A  small  specimen  with  the 
long  measurement  tangent  to  the  transcribed  circle  also 
seemed  desirable,  because  difference  in  total  distance  of  abra¬ 
sive  rubbing  travel  between  the  outer  and  inner  edge  of  the 
narrow  specimen  is  so  little  in  relation  to  the  diameter  of  the 
transcribed  circle.  Tests  were  run  with  antimony  and  silver 
blocks  in  pairs.  In  all  the  tests  made  with  these  metal  speci- 


Table  I. 

Uniformity  of  Abrasion 

Carbonate  Specimen  1 

Carbonate  Specimen  2 

Revolutions 

Sb 

Ag 

Sb 

Ag 

Mg. 

Mg. 

Mg. 

Mg. 

2,000 

1.4 

1.6 

0.7 

0.9 

4,000 

2.8 

3.3 

1.5 

1.7 

6,000 

4.3 

4.9 

2.3 

2.6 

8,000 

5.8 

6 . 5 

3.0 

3.5 

10,000 

7.2 

8.2 

3.8 

4 . 5 

12,000 

8.5 

9.8 

4.5 

5.5 

14,000 

9.8 

11.4 

5.3 

6.4 

16,000 

11.1 

13.0 

6.1 

7.2 
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mens,  there  was  no  observable  discoloration  on  the  metal 
which  would  indicate  oxidation  and  resultant  possible  altera¬ 
tion  of  abrasive  action  or  change  in  final  weight  of  specimen. 

All  specimens  were  carefully  filed  to  exact  dimensions,  then 
polished  on  a  fine-grained  razor  hone.  All  surfaces  were  tested 
carefully  to  see  that  they  were  square;  otherwise  the  specimens 
might  be  tilted  slightly  during  the  test,  and  this  would  result  in 
uneven  pressure  and  unreliable  test  results.  Specimens  were 
weighed  accurately  on  a  Voland  precision  balance,  accurate  to 
0.1  mg.  (0.0001  gram),  before  starting  each  test.  Both  the  silver 
and  antimony  blocks  were  tested  for  microcharacter  hardness  by 
C.  H.  Bierbaum  (Lumen  Bearing  Company),  who  developed  the 
Bierbaum  hardness  tests  {2,  3).  The  Bierbaum  average  hardness 
figure  was  231  for  antimony  and  200  for  the  silver  specimens, 
showing  the  silver  to  be  somewhat  softer  than  antimony.  This 
was  checked  by  the  abrasion  results,  in  which  all  abrasives  tested 
showed  a  somewhat  higher  abrasion  loss  with  silver  than  with 
antimony.  The  specimens  were  accurately  weighed  after  each 
test  was  completed,  and  repolished  on  the  razor  hone  before  a 
new  test  was  run.  A  specimen  can  be  used  for  about  100  tests. 

The  decision  to  use  metal  specimens  was  based  on  a  study 
of  available  pamphlets  ( 1 ,  8,  11,  13)  relating  to  this  type  of 
work,  and  personal  discussions  with  experimenters,  dentists, 
and  teachers  in  dental  schools.  While  the  abrasion  of  metal 
specimens  in  a  machine  of  this  type  probably  does  not  exactly 
parallel  the  wear  of  tooth  structure  in  the  oral  cavity,  yet  the 
use  of  metal  specimens  standardizes  test  conditions  much 
more  than  would  be  possible  with  tooth  specimens,  especially 
for  production  control  tests.  A  series  of  tests  using  human 
teeth  and  horse  teeth  was  seriously  considered  but  abandoned 
after  a  discussion  of  the  problem  with  dentists  and  others. 
Brady  U)  indicated  “that  it  was  impossible  to  prepare  tooth 
specimens  of  a  standard  moisture  content.  The  variation  was 
so  much  at  different  times,  even  after  keeping  the  specimens 
at  a  constant  temperature  for  12  hours,  that  it  was  impossible 
accurately  to  weigh  loss  caused  by  abrasion  in  a  machine”. 


Abrasion  Machine  Only,  Seen  from  Above 

Clear  view  of  specimen  holders  and  removable  wax  plate 


Micrometer  measurement  of  loss  seemed  too  delicate  for 
satisfactory  commercial  work  (not  on  a  pure  research  basis). 
Furthermore,  there  is  the  difficulty  of  preparing  and  maintain¬ 
ing  satisfactory  tooth  specimens;  pure  surface  areas  are 
difficult  to  prepare,  and  tooth  substances  vary  in  hardness 
(5,  6,  7). 

Wax  Surface 

In  the  early  tests  biological  embedding  paraffin  (melting 
point  56°  to  58°  C.)  was  used  in  the  aluminum  plate.  This 
material  was  fairly  satisfactory,  but  it  developed  cracks  after 
a  week  or  so,  and  on  warm  days  showed  a  tendency  to  flow  or 
groove  slightly.  It  wTas  found  that  50  per  cent  of  carnauba 


Abrasion  Machine  Only,  Seen  from  Above 

Cutting  tool  and  spreader  show  clearly 


wax  (melting  point  85°  C.)  and  50  per  cent  of  paraffin  pro¬ 
duced  a  surface  much  harder  than  paraffin,  but  it  was  some¬ 
what  brittle  and  cracked  worse  and  more  easily  than  paraffin. 
The  proportion  was  gradually  reduced  to  20  per  cent  of  car¬ 
nauba  wax  and  80  per  cent  of  paraffin,  and  this  made  a  com¬ 
pletely  satisfactory  plate.  One  application  of  this  mixture  has 
been  used  for  one  month  of  continuous  abrasion  testing  with¬ 
out  showing  a  single  flaw,  crack,  or  groove.  The  higher  melting 
point  of  carnauba  wax  in  a  20  per  cent  mix  apparently  tough¬ 
ens  the  paraffin  by  just  the  proper  amount.  Blank  tests, 
using  water  only  and  no  abrasive,  show  about  0.3  mg.  of 
abrasion  loss  with  6000  revolutions.  This  is  not  subtracted 
from  test  results  when  using  an  abrasive  because  the  metal 
specimens  are  not  in  direct  contact  with  the  wax  but  rub  on 
the  abrasive  slurry. 

To  help  prevent  cracking  of  the  wax  surface,  the  concave  sur¬ 
face  of  the  aluminum  plate  is  drilled  half-way  through  with  about 
300  holes,  3  mm.  (0.125  inch)  in  diameter,  scattered  uniformly 
over  the  entire  surface  under  the  area  covered  by  the  wax.  The 
wax  plate  should  not  be  washed  with  cold  water,  as  this  some¬ 
times  causes  shrinkage  cracks  in  the  wax.  In  applying  new  wax 
to  the  plate  (after  consecutive  resurfacing  operations  have  cut 
the  wax  too  thin  for  further  tests)  the  plate  is  heated  and  the  old 
wax  poured  out.  While  the  plate  is  still  hot  the  new  wax  is 
poured  in,  and  the  entire  plate  is  allowed  to  anneal  over  a  period 
of  several  hours.  This  is  done  by  setting  the  plate  on  a  piece  of 
corrugated  cardboard  (which  acts  as  a  heat  insulator  and  will 
not  rapidly  withdraw  heat  from  the  plate)  and  then  covering  the 
plate  with  a  corrugated  box  which  retains  the  heated  air  above 
the  plate  and  allows  slow  cooling.  Too  rapid  cooling  develops 
cracks  and  results  in  an  unsatisfactory  plate. 

While  with  various  types  of  surfaces  it  is  possible  to  alter 
the  results  of  an  abrasion  test  {10),  the  comparative  results 
on  a  wax  plate  show  the  relative  differences  in  abrasion  power. 
These  relative  differences  are  reliable  for  plant  production 
control  tests  and  for  purposes  of  investigation  that  do  not 
become  deeply  involved  in  pure  research. 

Slurry  Consistency 

Although  this  machine  was  designed  primarily  for  testing 
precipitated  calcium  carbonate,  it  works  equally  satisfactorily 
with  dental  powders  and  creams.  Since  the  absorption  of 
different  grades  of  carbonate  varies  considerably,  it  was 
necessary  to  establish  a  satisfactory  standard  procedure  for 
making  a  slurry  of  the  material  to  be  tested.  Some  carbonates 
because  of  their  high  absorption  require  four  times  as  much 
water  to  produce  a  slurry  of  the  same  consistency  as  a  low 
absorption  carbonate. 

Test  for  Determining  Absorption.  Weigh  15  grams  of 
material,  put  it  in  a  100-cc.  Nessler  tube  and  gradually  add  water 
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Machine  Connected  to  Governor-Controlled  Dictaphone  Motor  Drive 

Weighted  cypress  block  for  vibration  absorption  at  right 


from  a  buret  with  occasional  shaking  until  the  mass  becomes  wet 
enough  to  rattle  in  the  tube.  Now  add  the  water,  0.5  cc.  at  a 
time  with  shaking  after  each  addition,  until  3  or  4  drops  of  slurry 
will  drip  from  the  tube  when  it  is  held  downward  at  an  angle  of 
30°. 

On  the  basis  of  this  test,  and  in  order  to  determine  the  effect 
of  thinning  or  thickening  the  slurry  (of  a  single  carbonate), 
tests  were  made  on  a  group  of  carbonates  with  assorted  ab¬ 
sorptions  (Table  II).  The  amount  of  water  was  increased  and 
decreased  considerably  above  and  below  the  quantity  de¬ 
termined  by  the  absorption  test,  and  the  tests  covered  the 
entire  range  between  upper  and  lower  slurry  limit  that  would 
act  satisfactorily  in  the  machine. 

These  tests  indicate  that  within  these  limits  a  change  in 
the  slurry  consistency  did  not  visibly  alter  the  results.  Thus 
when  testing  carbonates  that  quantity  of  water  was  added 
which  was  indicated  by  the  absorption  test,  and  when  testing 
an  unknown  material  an  absorption  test  was  first  made. 
Long  experience  with  this  machine  has  indicated  to  the  opera¬ 
tors  the  proper  consistency  to  which  dental  powders  and 
creams  should  be  thinned  in  order  to  flow  properly  on  the  plate. 

In  Table  II  it  is  of  interest  to  note  that  the  abrasion  loss 
increases  as  the  density  changes  from  heavy  to  extra  light. 
The  probable  explanation  for  this  is  that  in  the  process  of 
precipitation  both  calcite  and  aragonite  are  formed.  Tests 
by  W.  T.  Schaller  of  the  U.  S.  Geological  Survey,  Washington, 
D.  C.,  indicated  that  the  percentage  of  calcite  was  greater  in 
the  heavy  than  in  the  extra  fight,  although  definite  figures 
were  not  supplied.  The  lower  hardness  and  density  of  the 
calcite  should  thus  lower  the  abrasion  loss  in  the  heavy,  and 
since  test  results  are  in  accord  with  this  postulate  it  may  be 
evidence  of  the  machine’s  sensitivity  to  minor  changes  in  the 
abrasive  character  of  materials. 


Table  II.  Effect  of  Slurry  Consistency 

Upper  and  Lower 

Mix  Based  on  Limit  Tests 


Absorption  Test 

Thin 

Thick 

Carbonate  Grade 

CaC03 

HsO 

Loss 

H20 

Loss 

H20 

Loss 

Grams 

Cc. 

Mg. 

Cc. 

Mg. 

Cc. 

Mg. 

Heavy 

30 

25 

3.1 

30 

3.2 

20 

3.1 

Medium  heavy 

30 

40 

3.5 

50 

3.4 

32 

3.5 

Medium  light 

30 

60 

3.6 

75 

3.5 

50 

3.4 

Extra  light 

30 

100 

3.7 

120 

3.7 

85 

3.8 

Sensitivity 

The  work  of  Ray  and  Chaden  (<§),  Souder  and  Schoonover 
{12),  and  Wright  and  Fenske  {18)  on  scratch  tests  indicated 
that  a  satisfactory  abrasion  testing  machine  should  be 
sensitive  to  minute  quantities  of  strongly  abrasive  materials. 


To  determine  sensitivity  of  this  machine,  two 
series  of  tests  were  made,  in  one  of  which  pul¬ 
verized  silica  was  added,  and  in  the  other,  pul¬ 
verized  emery,  gradually  reducing  the  amount 
of  each  hard  abrasive  until  its  effect  was  lost. 
A  master  sample  of  precipitated  calcium  car¬ 
bonate  (on  which  the  abrasion  figure  had  been 
established  at  2.1  mg.)  was  used  for  making 
the  slurry  in  which  the  various  quantities  of 
silica  and  emery  were  thoroughly  mixed.  These 
tests  showed  that  the  addition  of  0.5  per  cent 
of  pulverized  silica  (95  per  cent  through  325- 
mesh)  multiplied  the  abrasion  loss  four  times, 
whereas  0.1  per  cent  of  silica  increased  the 
abrasion  figure  33  per  cent.  In  the  case  of 
emery  dust  (80  per  cent  through  325-mesh,  99.9 
per  cent  through  200-mesh)  the  addition  of  0.2 
per  cent  multiplied  the  loss  five  times,  whereas 
0.05  per  cent  increased  the  abrasion  loss  about  40 
per  cent.  Table  III  gives  these  results  in  detail. 

Thus  the  emery  and  silica  tests  show  that  the  machine  is 
sensitive  to  hard  abrasives,  and  that  it  also  responds  to  the 
much  higher  hardness  of  the  emery. 

Downward  Pressure 

In  order  to  determine  the  relation  of  downward  pressure 
(on  a  specimen)  to  abrasion  loss,  a  series  of  tests  was  made 
on  several  master  carbonate  samples  (of  different  densities) 
starting  with  43  grams’  pressure  (empty  specimen  holder 
with  no  weight  in  the  weight  holder)  and  increasing  the 
weight  by  increments  of  20  grams  up  to  143  grams.  These 
tests  showed  a  mild  increase  in  abrasion  loss  with  an  83-gram 
pressure,  and  a  decrease  below  the  average  with  143  grams 
(Figure  2).  It  seems  probable  that  when  the  pressure  is  in¬ 
creased  enough  (143  grams)  it  reduces  the  amount  of  slurry 
that  can  penetrate  between  the  specimen  and  plate,  thereby 
reducing  abrasion  loss.  It  was  therefore  decided  to  use  63 
grams  because  it  resulted  in  an  average  loss  about  halfway 
between  the  maximum  and  minimum. 


Table  III. 

Abrasion  Loss 

Abrasion 

Abrasion 

Silica  Content 

Loss 

Emery  Content 

Loss 

% 

Mg. 

% 

Mg. 

10.0 

13.8 

0.20 

10.0 

2.0 

10.4 

0.10 

5.5 

0.5 

8.8 

0.05 

3.0 

0.2 

4.0 

0.1 

2.8 

None 

2.1 

None 

2.1 

Other  Uses  for  Machine 

During  the  summer  of  1938,  Will  Coghill,  supervising  engi¬ 
neer  of  the  U.  S.  Bureau  of  Mines  Southern  Experiment  Sta¬ 
tion  saw  this  machine  in  operation  at  Ste.  Genevieve  and 
thought  it  might  have  application  in  the  investigation  of 
abrasion  caused  by  grinding  industrial  materials,  such  as 
coal,  silica,  hematite,  clay,  etc.  A  preliminary  survey  (with 
the  assistance  of  the  station’s  staff  at  Tuscaloosa,  Ala.)  was 
confined  principally  to  pulverized  coal,  with  a  few  tests  on 
pyrite,  silica,  and  coal  waste,  using  carefully  sized  fractions: 
>28-  < 35-mesh,  >35-  < 48-mesh,  >48-  < 65-mesh,  >65- 
<  100-mesh,  >  100-  <  150-mesh,  >  150-  <  200-mesh,  and  >  200- 
mesh.  At  first  a  few  tests  were  run  using  a  water  slurry,  but 
this  was  soon  abandoned  and  tests  were  run  on  dry  powder, 
because  these  materials  are  pulverized  commercially  in  the 
dry  state.  Somewhat  to  the  author’s  surprise,  the  mechanical 
action  of  the  machine  with  dry  tests  was  satisfactory.  Ac¬ 
cording  to  recent  information,  this  station  of  the  U.  S.  Bureau 
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GRAMS  pressure: 


Figure  2.  Effect  of  Pressure  on  Abrasion  Loss 

of  Mines  built  a  similar  machine  in  order  to  continue  the  in¬ 
vestigation.  Describing  this  work,  Sheppard  and  Dasher 
wrote  (9): 

After  some  use,  two  other  possibilities  of  the  machine  were 
realized:  (1)  the  specimen  holder’s  radius  arms  could  be  pivoted 
so  that  the  tangential  reaction  force  between  the  specimen  and 
sample  could  be  measured;  and  (2)  a  roller  could  be  substituted 
for  the  sled  and  the  grindability  of  coal  measured. 

The  combination  of  the  two  possibilities  resulted  in  the  de¬ 
velopment  of  that  which,  to  our  knowledge,  is  the  only  machine 
capable  of  direct  measurement  of  the  net  power  required  to  grind 
coal  or  other  material.  Abrasiveness  testing  was  discontinued 
and  development  of  the  new  grindability  method  begun. 

Conclusions 

After  numerous  changes  in  design,  the  present  machine 
under  standard  test  conditions  is  apparently  not  easily  affected 
by  any  operation  or  manipulation  conditions  except  variations 
in  the  abrasive  characteristic  of  the  material  being  tested. 

An  essential  part  of  the  design  is  the  elimination  of  vibra¬ 
tion  by  separating  the  drive  motor  from  the  machine  and  using 
a  light  rubber  belt  drive.  Other  essentials  are:  removable 
test  pan,  cutting  tool  for  producing  a  true  wax  surface,  ac¬ 
curately  precisioned  specimen  holders,  method  of  holding 
specimens,  proportions  of  specimen  holders,  dimensions  and 


preparation  of  specimens,  method  of  preparing  wax  surface, 
sample  spreader,  revolution  counter,  and  all-rustless  material. 

Antimony  and  silver  test  specimens  were  decided  upon  for 
dentifrice  testing.  The  sample  slurry  consistency  is  deter¬ 
mined  by  a  simple  absorption  test,  and  the  machine’s  test 
results  are  not  affected  by  thinner  or  thicker  slurry. 

Although  the  machine  was  developed  primarily  for  simple 
research  and  control  tests  on  precipitated  calcium  carbonate, 
it  also  works  satisfactorily  on  dental  powders  and  creams.  It 
is  sensitive  to  minute  quanitites  of  very  hard  pulverized  abra¬ 
sives  (silica  and  emery)  when  mixed  in  a  standard  low- 
abrasive  carbonate  sample. 

Variations  in  downward  pressure  on  specimens  cause  only 
mild  changes  in  test  results,  maximum  loss  occurring  with  83 
grams’  pressure.  This  machine  suggested  an  idea  which  was 
developed  by  the  U.  S.  Bureau  of  Mines  into  a  grindability 
machine  for  coal  and  other  materials. 
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An  Asphalt  Gloss-  and  Stain  Meter 

A.  P.  ANDERSON  AND  T.  E.  REAMER,  Shell  Development  Company,  Emeryville,  Calif. 


A  photoelectric  device  is  described  that 
permits  a  quantitative  determination  of 
the  gloss  of  asphaltic  bitumen.  A  pro¬ 
cedure  for  determining  quantitatively  the 
degree  to  which  asphalts  stain  absorbent 
materials  is  outlined. 

THE  gloss  of  an  asphalt  and  its  tendency  to  stain  surround¬ 
ing  absorbent  material  are  two  properties  which  have 
hitherto  been  evaluated  by  visual  observation  and  conse¬ 
quently  have  been  subject  to  the  interpretation  of  the  indi¬ 
vidual  observer.  A  dull  surface  may  be  an  indication  of  the 
presence  of  excessive  wax,  which  often  results  in  lowered 
ductility,  decreased  weathering  stability,  and  poor  adhesive 
properties.  The  tendency  of  asphalt,  particularly  roofing 
asphalt,  to  stain  surrounding  material  is  detrimental  to  the 
appearance  of  the  finished  roof. 

Apparatus 

An  instrument  of  the  type  designed  for  use  on  hard  surfaces, 
such  as  paints  and  varnishes,  has  been  modified  for  use  with 
plastic  asphaltic  bitumen.  A  general  view  of  the  instrument 


with  auxiliary  equipment  is  shown  in  Figure  1,  and  a  sche¬ 
matic  cross  section  in  Figure  2.  The  unmodified  instrument 
was  purchased  from  the  Research  and  Development  Com¬ 
pany,  New  York,  N.  Y. 

Gloss  Measurement 

The  structure,  size,  and  rate  of  formation  of  wax  crystals  in 
an  asphalt,  which  influence  the  degree  of  light  reflection,  are 
controlled  as  far  as  possible  by  the  treatment  of  the  sample 
previous  to  gloss  measurement.  The  asphalt  is  heated  to  at 
least  60°  C.  (140°  F.)  and  poured  into  shallow  trays  which  are 
placed  in  an  air  thermostat  at  25°  C.  (77°  F.).  A  sealed  con- 
tainer  immersed  in  a  water  bath  is  also  convenient  for  this 
purpose.  After  24  hours,  the  tray  is  laid  upon  a  flat  surface 
under  the  glossmeter  and  the  legs  are  adjusted  for  height  until 
the  deflection  of  the  microammeter  is  at  the  maximum.  In  the 
case  of  the  asphalt  whose  gloss  is  chosen  as  the  standard  (a  40-50 
penetration  Mexican  asphalt),  the  deflection  is  adjusted  to  corre- 
spond  to  100  scale  divisions.  Hence,  the  greatest  deflection  pro¬ 
duced  by  the  sample  under  test  will  indicate  the  percentage  gloss. 

An  example  of  an  application  of  the  glossmeter  is  given  in 
Table  I,  in  which  are  fisted  the  properties  of  a  number  of 
fractionated  cuts  from  a  residue.  When  the  gloss  evaluations 
by  visual  inspection  are  compared  with  those  obtained  with 
the  glossmeter,  the  glossmeter  values  may  vary  from  107  to 
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Table  III.  Visual,  Schweyer  and  Howell, 
and  Instrument  Evaluation  of  Stain  for 
Blown  Asphalts 


Asphalt 

Visual  Stain 

Stain-Meter 

Schweyer  and 

Sample 

Estimation 

Values 

% 

Howell  Method 

A 

Very  slight  stain 

73 

i 

B 

Slight  stain 

61 

2 

C 

Definite  stain 

50 

3 

D 

Dark  stain 

35 

5 

the  instrument  described  herein  directly  on  the 
paper  with  the  photoelectric  cell  in  the  top  posi¬ 
tion,  one  can  read  the  degree  of  staining  in  terms 
of  the  amount  of  light  diffused  from  the  sample, 
the  standard  (no  stain,  100  per  cent  reading) 
being  obtained  by  adjusting  the  instrument  so 
that  a  deflection  of  100  scale  divisions  results 
when  an  unused  Whatman  No.  5  filter  paper  is 
placed  on  a  glossy  black  surface. 


POLISHED  BLACK  PLATE 


SAMPLE  CAN  FOR 
WATER  BATH 


GLOSS  AND 
STAIN 


COPPER  TRAY 


CONSTANT  VOLTAGE 
TRANSFORMER 


Figure  1.  General  View  of  Meter  with  Accessories 


Table  I.  Comparison  of  Glossmeter  Measurements  with  Visual 
Classification  and  Wax  Content  on  Fractions  from  Residue  A 


Saybolt 

Furol 


Penetration 

Viscosity 

Gloss 

Cut 

at  25°  C. 

Softening  Point 

at  98.9°  C. 

Holde 

Measure¬ 

Visual 

No. 

(77°  F.) 

(Ring  and  Ball) 

(210°  F.) 

Wax  (1) 

ments 

Appearance 

°  c. 

0  F. 

Wt.  % 

% 

1 

2 

80.6 

177 

1  16 

107 

Bright 

2 

20 

56.1 

133 

1.61 

95 

Bright 

3 

230 

36.7 

98 

378 

2.24 

90 

Bright 

4 

>300 

151 

2.69 

89 

Bright 

5 

>300 

82 

3.00 

85 

Slightly  dull 

6 

>300 

54 

4.85 

84 

Dull 

7 

>300 

39 

4.93 

81 

Dull 

Table  II.  Surface  Gloss  as  an  Indication  of  Effectiveness 

of  Processing 

Untreated  Stock  First  Processing  Second  Processing 


Gloss 

Gloss 

Gloss 

Cut 

measure¬ 

Visual 

measure¬ 

Visual 

measure¬ 

Visual 

No. 

ment 

appearance 

ment 

appearance 

ment 

appearance 

% 

% 

% 

1 

91 

Hazy 

103 

Bright 

in 

Bright 

2 

84 

Hazy 

101 

Bright 

in 

Bright 

3 

79 

Dull 

90 

Hazy 

101 

Bright 

4 

77 

Dull 

84 

Hazy 

88 

Hazy 

5 

67 

Dull 

80 

Dull 

85 

Hazy 

6 

66 

Dull 

74 

Dull 

78 

Dull 

7 

62 

Dull 

72 

Dull 

77 

Dull 

8 

57 

Dull 

67 

Dull 

A  comparison  of  visual  and  instrument 
evaluation  of  the  staining  characteristics  of 
several  blown  asphalts  from  various  sources  is 
given  in  Table  III.  The  visual  method  is,  of 
course,  subjective,  and  liable  to  personal  errors 
of  estimation  which  are  eliminated  in  the  quan¬ 
titative  instrument  method. 

The  staining  characteristics  of  asphalt  may 
also  be  evaluated  by  the  method  of  Schweyer 
and  Howell  (2)  which  depends  upon  the  number 
of  sheets  of  cigaret  paper  discolored  when  in  con¬ 
tact  with  the  asphalt  sample.  The  results  of 
this  method  and  the  instrument  evaluation 
method  on  the  same  asphalts  are  also  compared 
in  Table  III.  The  values  obtained  by  the 
Schweyer  and  Howell  method  are  to  some  ex¬ 
tent  quantitative  but  do  not  give  the  range  of 
values,  and  consequently  the  degree  of  accuracy, 
given  by  the  proposed  stain  meter  method. 
Moreover,  variations  in  the  quality  of  the  cigaret 
paper  affect  the  reproducibility  of  the  test. 
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89  per  cent,  yet  the  asphalts  appear  “bright” 
to  the  eye.  In  the  range  from  85  to  81  per 
cent  the  gloss  is  rapidly  lost ;  below  84  per  cent 
the  only  subjective  term  available  is  “dull”. 

The  use  of  the  glossmeter  in  gaging  the 
effectiveness  of  a  particular  type  of  processing 
to  remove  wax  is  indicated  in  Table  II.  The 
effect  of  the  treatment  is  clearly  shown  in  the 
improvement  in  gloss. 


Stain  Measurement 

In  one  test  used  by  the  roofing  industry  to 
determine  the  tendency  of  an  asphalt  to  stain 
absorbent  materials  the  asphalt  is  placed  in  the 
lid  of  an  0.089-liter  (3-ounce)  seamless  can  and 
covered  with  a  Whatman  No.  5  filter  paper,  cut 
to  fit  the  lid,  and  weighted  with  a  5-gram  iron 
washer.  Heretofore  the  extent  to  which  the 
asphalt  stains  the  filter  paper  after  contact  with 
it  for  32  hours  at  79.4°  C.  (175°  F.)  has  been 
estimated  by  visual  observation.  By  placing 
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Figure  2.  Diagram  of  Meter 


Mercury-Sealed  Vessels  for  the  Storage  of 

Solutions 

FREDERIC  E.  HOLMES 

Children’s  Hospital  Research  Foundation  and  Department  of  Pediatrics,  College  of  Medicine,  University  of  Cincinnati, 

Cincinnati,  Ohio 


VAN  SLYKE  and  his  associates  ( 8 ,  10)  have  made  ex¬ 
tensive  use  of  mercury-sealed  vessels  to  protect  the  con¬ 
tents  stored  in  them  against  loss  and  against  contamination 
by  constituents  of  the  laboratory  air.  Such  vessels  have  been 
used  to  preserve  gas-free  reagent  solutions,  solutions  that 
react  with  carbon  dioxide  or  oxygen,  samples  (such  as  blood) 
that  would  otherwise  take  up  or  lose  gases,  gaseous  reagents, 
and  samples  of  gases. 

Recently  a  number  of  storage  vessels  (5)  have  been  designed  and 
used  by  Hanke  {2,  3,  7),  Guest  and  Holmes  (1),  Holmes  ( 6 ), 
Sendroy  ( 9 ),  and  Hastings  (4).  In  these  later  forms  various  ad¬ 
vantages  were  realized:  elimination  of  contact  between  the 
stored  solution  and  the  glass  stopcock  which  often  results  in 
sticking  or  leakage  {1~4,  6,  7,  9);  transfer  of  control  of  flow  to  a 
cock  in  the  mercury  stream  {1-4,  7,  9) ;  compactness  and  mechani¬ 
cal  strength  {1,  4,  6,  9);  elimination  of  separate  supports 
(4,  6,  9 ;  also,  1 ,  when  made  with  a  flat  base) ;  accurate  measure¬ 
ment  of  the  volume  of  stored  solution  delivered,  with  graduated 
mercury  reservoir  (3) ;  automatic  sealing  of  the  delivery  tube  with 
mercury  (6‘) ;  and  ease  of  construction  from  standard  parts  (.9). 
At  least  one  advantage  of  earlier  apparatus  {10,  extraction  of 
gases  in  the  storage  vessel  itself)  was  sacrificed.  Undoubtedly 
other  unpublished  modifications  are  in  use  in  different  labora¬ 
tories. 

Many  modifications  and  combinations  of  various  features 
are  possible  and  at  least  a  dozen  different  forms  have  been 
used  with  satisfactory  results  in  this  laboratory.  A  few  of 
these  are  described  in  this  communication. 

Although  one  or  more  of  these  vessels  is  almost  indispens¬ 
able  in  many  of  the  methods  of  gasometric  analysis  using  the 
apparatus  of  Van  Slyke  and  Neill  {10),  they  are  by  no  means 
limited  to  use  with  this  apparatus.  Several  of  those  men¬ 
tioned  above  are  adaptable  without  modification  to  other 
purposes  in  the  laboratory.  From  any  one  of  the  five  de¬ 
scribed  below,  solutions  can  be  delivered  into  an  open  beaker 
or  flask.  In  four  of  these  the  amount  delivered  is  measured. 
If  even  momentary  exposure  to  air  is  to  be  avoided,  the  solu¬ 
tion  may  be  delivered  under  oil  with  the  tip  of  the  delivery 
tube  immersed  in  the  oil;  or  the  tip  of  the  delivery  tube  may 
be  immersed  in  a  pool  of  mercury  in  the  bottom  of  the  beaker 
during  delivery  of  the  solution,  and  then  a  drop  of  mercury 
may  be  drawn  into  the  delivery  tube  before  it  is  removed,  to 
protect  the  stored  solution  against  contamination  as  it  passes 
through  the  contents  of  the  beaker. 

Vessels  with  Attached  Burets 

The  form  shown  in  Figure  1  may  be  used  for  general  pur¬ 
poses.  Because  it  is  compact  and  freely  movable  it  is  par¬ 
ticularly  suitable  for  use  with  other  apparatus  (such  as  Van 
Slyke’s)  to  which  it  may  be  taken  and  at  which  it  may  be 
held  in  place  in  one  hand  while  the  other  hand  is  free  for  other 
manipulations.  It  has  a  large  chamber  for  the  storage  of 
solution  and  a  large  reservoir  for  mercury.  It  requires  no 
accessory  support. 

The  operation  of  this  vessel  is  simple,  the  flow  of  solution  being 
controlled  by  the  stopcock  while  the  volume  is  observed  in  the 
graduated  tube.  When  this  buret  has  been  emptied  to  the  zero 
mark,  it  is  refilled  by  tipping  the  vessel  (to  the  right  in  the  draw¬ 
ing)  with  the  cock  closed,  until  solution  flows  into  it  and  the 
mercury  flows  back  into  the  storage  chamber,  S. 

Before  the  initial  filling  with  solution,  the  vessel  is  filled  as  far 


as  possible  with  mercury  by  pouring  it  through  C  while  the 
vessel  is  held  in  the  horizontal  position.  The  last  portion  of  air 
is  expelled  by  filling  the  buret  in  the  upright  position  with  mer¬ 
cury  admitted  through  the  stopcock  from  C,  transferring  the 
trapped  air  to  the  buret  in  the  horizontal  position,  and  expelling 
air  again  in  the  vertical  position.  Solution  is  then  forced  in 
through  the  delivery  tube  under  moderate  pressure,  or  drawn 
in  by  applying  suction  at  the  top  of  C.  For  subsequent  fillings, 
since  the  solution  has  then  already  been  replaced  by  mercury,  it 
is  necessary  only  to  draw  in  fresh  solution. 

Since  adequate  protection  against  air  is  afforded  by  merely 
immersing  the  tip  in  a  cup  containing  mercury,  this  is  sufficient 
precaution  during  a  series  of  determinations.  To  avoid  extrusion 
of  a  few  drops  of  solution  due  to  expansion  with  rise  of  room  tem¬ 
perature  during  longer  intervals,  it  is  advisable  to  draw  mercury 
into  the  delivery  tube  by  application  of  suction  at  the  top  of  C. 
It  is  often  convenient  to  do  this  by  means  of  a  rubber  tube  at¬ 
tached  to  C  and  held  in  the  mouth  while  both  hands  are  free  for 
other  operations. 


Figure  1.  General-Purpose  Vessel 


Within  reasonable  limits,  there  is  nothing  critical  about  the 
measurement  of  the  parts  of  this  vessel.  One  has  been  used  which 
had  a  storage  chamber  with  a  capacity  of  15  ml.  and  a  buret 
(of  6-mm.  tubing)  graduated  at  intervals  of  0.05  ml.  to  a  total 
capacity  of  0.35  ml.  Another  had  a  capacity  of  100  ml.  with  a 
buret  (of  12-mm.  tubing)  graduated  at  intervals  of  0.2  ml.  to  a 
total  of  5.0  ml.  The  tubing  between  the  buret  and  the  reservoir 
must,  of  course,  be  large  enough  for  the  solution  and  mercury  to 
flow  freely  past  each  other  in  refilling  the  buret. 

The  compactness  of  vessels  such  as  the  one  just  described 
limits  the  maximum  capacity  of  the  buret  to  about  5  ml. 
Larger  burets  are  available  in  the  forms  illustrated  in  Figures 
2  and  3,  which  are  suitable  for  use  wherever  the  circum¬ 
stances  permit  their  being  held  in  fixed  supports.  The  simple 
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graduated  mercury  reservoir  used  by  Hanke  (3)  has  been 
adapted  to  this  purpose  in  the  vessel  shown  in  Figure  2,  A. 
The  burets  in  Figure  2  may  have  capacities  up  to  about  40 
ml.,  and  the  one  in  Figure  3  may  be  made  to  hold  at  least  20 
ml. 


A  B 


Figure  2 

The  form  shown  in  Figure  2,  A  (in  this  case  having  a  buret 
capacity  of  10  ml.),  has  been  used  for  2  N  sodium  hydroxide 
in  Van  Slyke’s  urease  method  for  urine  urea  (3),  and  both  the 
others  (Figures  2,  B,  and  3)  have  been  used  for  saturated 
sodium  hydroxide.  Either  solution,  or  numerous  other  solu¬ 
tions  which  are  not  injured  by  contact  with  mercury,  can  be 
stored  in  any  one  of  the  three  vessels.  Portions  of  solution 
may  be  delivered  under  oil  or  mercury  if  this  is  preferable; 
otherwise,  the  manipulations  are  almost  the  same  as  in  the 
use  of  an  ordinary  buret.  A  small  cup  containing  mercury 
which  seals  the  outlets  of  the  vessels  is  shown  in  each  drawing. 
These  are  supported  on  blocks  or  in  clamps  so  that  they  may 
be  easily  dropped  out  of  the  way. 

For  the  first  filling  of  the  vessel  shown  in  Figure  2,  A,  mercury 
is  poured  in  through  the  buret  until  it  runs  out  from  the  de¬ 
livery  tube.  The  top  of  the  buret  is  connected  with  a  water  suc¬ 
tion  pump  by  a  rubber  tube  in  which  a  trap  is  placed  to  catch  the 
mercury,  and  the  solution  is  drawn  into  the  solution  storage  bulb 
through  the  delivery  tube.  For  subsequent  fillings,  since  the 
.solution  has  then  already  been  replaced  by  mercury,  it  is  only 
necessary  to  draw  in  fresh  solution.  When,  during  use,  the 
mercury  has  reached  the  lower  end  of  the  graduations,  the  buret 
may  be  refilled  either  by  pouring  mercury  in  at  the  top  or  by 
attaching  the  suction  tube  at  the  top  and  drawing  the  mercury 
in  through  the  delivery  tube. 

The  vessel  of  Figure  2,  B,  differs  from  that  of  A  in  the  addition 
■of  a  large  mercury  reservoir  from  which  the  buret  may  be  con- 
veniently  refilled.  The  construction  and  operation  of  the  buret, 
reservoir,  and  three-way  cock  are  practically  the  same  as  those 


of  an  ordinary  buret  equipped  with  reservoir  and  three-way  cock. 
One  method  of  filling  the  vessel  is  as  follows :  Mercury  is  drawn 
in  through  the  delivery  tube  by  suction  at  the  top  of  the  ap¬ 
paratus  until  it  flows  over  the  top  of  the  buret  into  the  reservoir 
and  fills  the  reservoir,  and  then  the  buret  is  alternately  filled 
and  discharged  into  the  solution  chamber,  S,  until  all  air  has 
been  expelled  from  S.  By  again  applying  suction,  solution  is 
drawn  into  the  chamber  through  the  delivery  tube  and  mercury  is 
drawn  over  the  top  of  the  buret  into  the  reservoir. 

In  this  vessel,  as  shown,  a  slight  advantage  in  ease  of  filling 
was  sacrificed  for  a  permanent  connection  for  suction.  A  straight 
piece  of  12-mm.  tubing  may  be  substituted  for  the  vertical  part 
above  the  reservoir,  and  the  connection  to  suction  may  be  made 
as  in  Figure  2,  A. 

After  drawing  mercury  into  the  delivery  tube  in  both  vessels 
of  Figure  2,  it  is  desirable  to  place  a  clamp  on  the  suction  tube  and 
leave  it  in  place  to  maintain  the  reduced  pressure  in  the  space 
above  the  mercury  and  thus  relieve  the  pressure  of  mercury  on 
the  cock. 

The  apparatus  shown  in  Figure  3  is  superior  to  those  of 
Figure  2  in  accuracy  as  well  as  in  some  other  respects.  The 
mercury  meniscus  in  the  other  two  is  often  irregular,  owing 
to  contact  with  walls  that  have  been  intermittently  exposed 
to  air.  In  this  form  in  which  the  mercury  in  the  buret  is 
always  in  contact  with  a  uniform  solution,  and  with  clean 
walls  wet  by  this  solution,  the  meniscus  remains  regular  and 
constant  in  all  positions  and  at  all  times.  When  an  un¬ 
measured  amount  of  solution  greater  than  the^total  volume 


Figure  3 


of  the  buret  is  to  be  withdrawn,  it  can  be  delivered  directly 
from  the  storage  chamber  without  repeated  filling  of  the  buret. 
There  is  less  danger  of  disturbing  any  precipitate  which  may 
have  settled  out.  These  characteristics,  which  are  also  ad¬ 
vantageous  with  other  solutions,  make  the  apparatus  espe¬ 
cially  suitable  for  storage  and  measurement  of  saturated 
sodium  hydroxide. 

The  entire  apparatus  is  first  filled  by  gravity  with  mercury 
from  the  reservoir.  The  solution  is  then  drawn  into  the  storage 
chamber  through  the  delivery  tube  by  the  application  of  suction 
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at  the  top  of  the  reservoir.  The  positions  of  the  three-way  cock 
for  filling  or  delivering  from  the  storage  bulb  or  for  delivering 
from  the  buret  are  evident  from  the  drawing.  To  refill  the  buret, 
a  groove  on  the  face  of  the  plug  of  the  stopcock  is  turned  to  con¬ 
nect  the  tubes  below  the  cock,  allowing  mercury  to  flow  from  the 
buret  to  the  bulb  and  forcing  solution  over  into  the  buret. 

To  avoid  loosening  of  the  plug  due  to  excessive  pressure  of 
mercury,  the  stopcock  is  placed  near  the  top  of  the  apparatus. 

The  stopcock  might  be  improved  by  substituting  a  V-shaped 
bore  for  the  groove  and  arranging  the  bores  so  that  the  three 
positions  of  flow  would  be  equally  spaced  through  one  complete 
turn  of  the  cock,  or  a  120°  Y-shaped  cock  could  be  used.  The  one 
shown  is  easily  made  from  the  more  generally  available  three-way 
cock.  The  groove  (indicated  by  dotted  lines,  on  the  side  away 
from  the  observer)  is  cut  by  means  of  a  small  narrow  grindstone. 

All  three  vessels  are  limited  vertically  by  the  height  to 
which  mercury  can  be  drawn  by  suction.  At  730  mm.  the 
flow  is  inconveniently  slow;  approximately  650  mm.  is  a  more 
practical  limit.  The  cost  and  weight  of  mercury  impose  an 
indefinite  restriction  on  the  size  of  the  storage  bulb  and  mer¬ 
cury  reservoir.  A  more  definite  limit  is  imposed  by  the 
tendency  of  these,  and  similar  vessels  having  stopcocks  on 
the  mercury  side,  to  extrude  solution  during  a  rise  in  room 
temperature.  This  can  be  avoided,  if  the  volume  of  the  de¬ 
livery  tube  is  not  too  small  a  fraction  of  that  of  the  storage 
bulb,  by  drawing  sufficient  mercury  into  the  delivery  tube  to 
allow  for  expansion  of  the  solution.  This  limit  has  not  been 
established,  but  the  author’s  largest  satisfactory  vessel  has  a 
capacity  of  about  200  ml. 

Mercury- Sealed  Dropping  Bottle 

For  some  purposes  the  mercury-sealed  dropping  bottle 
shown  in  Figure  4  is  convenient.  In  it,  the  main  part  of  the 
stored  solution  is  well  protected  by  the  two  columns  of  mer¬ 
cury.  The  fraction  of  a  drop  of  solution  at  the  tip  of  the  de¬ 
livery  tube  becomes  contaminated  if  it  is  not  removed,  but 
this  is  often  not  important.  For  example,  when  the  vessel 
is  used  to  hold  5  N  sodium  hydroxide  for  absorption  of  carbon 
dioxide  in  some  of  Van  Slyke’s  gasometric  methods,  it  is 
necessary  only  that  the  capacity  of  the  solution  to  absorb 
more  carbon  dioxide  be  not  impaired  after  prolonged  standing. 
In  such  cases  the  simplest  procedure  is  adequate.  If,  in  other 
cases,  it  is  important  to  eliminate  all  contamination,  the  ex¬ 
posed  droplet  of  solution  in  the  tip  may  be  flushed  out  easily. 

In  the  upright  position,  the  mercury  column  in  the  delivery 
tube,  A,  is  balanced  against  that  in  B  and  C.  When  the  vessel 
is  tipped  toward  the  left  (in  the  sketch)  to  the  horizontal  position, 
the  mercury  columns  in  both  A  and  B  exert  pressure  toward  the 
outlet.  At  the  same  time  the  mercury  in  the  storage  chamber,  S, 
flows  to  the  side  of  this,  chamber,  exposing  the  lower  end  of  A 
in  the  solution.  The  mercury  in  A  flows  out,  and  solution  follows. 
After  the  vessel  is  returned  to  the  vertical  position,  mercury  flows 
into  A  until  it  again  balances  the  column  in  B  and  C.  (One  addi¬ 
tional  drop  of  solution  is  forced  out  ahead  of  the  mercury.)  In 
ordinary  use  the  vessel  is  then  set  aside  until  again  needed. 

To  meet  more  exacting  requirements  of  purity  of  the  solution, 
the  last  fraction  of  a  drop,  which  becomes  contaminated  on  stand¬ 
ing,  may  be  forced  out  of  the  outer  end  of  A  by  tilting  the  vessel 
enough  so  that  mercury  flows  to  the  tip  but  not  enough  to  lift 
the  lower  end  of  A  out  of  the  mercury  in  S.  The  contamination 
may  be  still  further  reduced  by  washing  the  outer  end  of  the 
capillary  with  plain  water  or  carbon  dioxide— free  acidulated 
water  held  in  a  small  cup,  cut  from  the  closed  end  of  a  15-mm. 
test  tube  or  from  the  bottom  of  a  small  vial.  The  tip  of  the  de¬ 
livery  tube  is  immersed  in  the  washing  solution,  and  the  vessel 
is  rocked  gently  back  and  forth  until  the  capillary  has  been 
thoroughly  flushed.  Contact  with  air  may  be  completely  avoided 
by  delivering  the  reagent  through  oil  above  the  contents  of 
the  vessel  into  which  it  is  received. 

The  construction  of  the  dropping  bottle  is  evident  from  Figure 
4.  When  the  vessel  is  standing  upright,  the  highest  part  of  the 
delivery  tube,  A,  must  be  at  a  level  slightly  higher  than  that  to 
which  reservoir,  C,  is  to  be  filled.  The  extreme  tip  of  this  tube  is 
bent  downward  to  prevent  the  solution  from  running  back  along 
the  outside  and  to  facilitate  washing  with  a  few  drops  of  water. 
The  shape  of  the  storage  chamber  of  the  vessel  shown  is  preferred 


to  a  cylindrical  one  because  the  broad  base  makes  it  more  stable 
and  the  placing  of  the  tubes  gives  a  higher  head  of  mercury  and  a 
more  dependable  flow  of  solution. 

The  specifications  of  this  vessel  are  not  critical  except  in  the 
following  respects.  The  tube  A  should  be  of  tubing  having  an 
inside  diameter  of  0.3  mm.  if  the  solution  is  to  be  delivered  drop- 
wise,  possibly  slightly  smaller  for  solutions  less  viscous  than  5  N 
sodium  hydroxide.  If  larger  amounts  are  to  be  delivered  with 
less  control  of  the  volume,  larger  capillaries  may  be  used.  How¬ 
ever,  a  small  size  is  desirable  for  the  purpose  of  reducing  the 
volume  of  solution  and  the  area  of  capillary  wall  exposed  to  air 
between  deliveries  to  the  least  amounts  compatible  with  satis¬ 


factory  operation.  Vessels  have  been  used  having  capacities 
ranging  from  about  25  to  about  100  ml.,  and  having  delivery  rates 
of  from  1  or  2  drops  to  about  1  ml.  per  second. 

This  vessel  is  filled  with  mercury  through  the  reservoir  while  it 
is  held  in  the  horizontal  position  with  the  reservoir  up,  the  outer 
end  of  the  delivery  tube  down,  and  the  inner  end  of  this  tube  Up. 
It  may  be  necessary  to  tip  the  vessel  beyond  the  horizontal  and 
apply  suction  to  the  outlet  tube  to  remove  the  last  bubble  of  air. 
It  is  filled  with  solution  in  the  upright  position.  The  solution  may 
be  placed  in  the  mercury  reservoir  and  drawn  into  the  vessel  by 
application  of  suction  to  the  outlet,  oil  being  placed  above  the 
solution  if  the  brief  exposure  to  air  is  deleterious;  or  a  slender 
rubber  tube  may  be  attached  to  the  outlet  tube  and  the  solution 
may  be  drawn  in  directly  from  the  flask  in  which  it  is  prepared  by 
application  of  suction  to  C. 
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Through  suitable  combination  of  a  num¬ 
ber  of  favorable  factors  it  was  possible  to 
unify,  standardize,  and  improve  the  preva¬ 
lent  micro-Carius  methods  for  halogen 
and  sulfur  to  such  an  extent  that  one 
apparatus  and  one  method  of  digestion, 
as  well  as  an  identical  filtration  procedure, 
can  now  be  applied  to  the  determination 
of  both  types  of  elements.  Some  of  the 
difficulties  inherent  in  the  micro-Carius 
method  have  been  partially  or  totally 
remedied . 

THE  micro-Carius  determination  of  halogen  and  sulfur 
possesses  numerous  advantages,  not  only  as  a  method 
to  be  taught  to  students,  but  also  as  a  generally  useful  analyti¬ 
cal  procedure.  Despite  its  simplicity,  it  is  most  reliable  and 
can  be  applied  to  liquids  and  volatile  substances  as  well  as 
to  solids.  Furthermore,  it  offers  a  high  degree  of  precision 
because  it  has  no  blank  and  because  it  involves  simple  stoi¬ 
chiometric  reactions. 

Prevailing  objections  to  the  Carius  determination  are:  the 
danger  of  explosions,  the  long  heating  period,  and  the  possi¬ 
bility  of  contaminating  the  reaction  product  with  glass 
splinters. 

An  investigation  is  here  described  which  was  undertaken 
to  minimize  the  above-mentioned  difficulties  and  to  unify  as 
well  as  standardize  the  apparatus  and  the  procedures.  It  was 
found  that  a  combination  of  the  early  micro-Carius  method  of 
Emich  (J)  with  the  conventional  micro-Carius  method  of 
Pregl  (7)  aids  in  overcoming  the  first  two  objections  while 
application  of  the  method  of  differential  weighing  of  the  silver 
halide  precipitate  in  the  case  of  halogen  determination,  and 
application  of  the  benzidine  method  of  Guillemet  (3)  and 
Weygand  and  Hennig  (9)  in  the  case  of  the  sulfur  determina¬ 
tion,  serve  to  eliminate  the  last  objection. 

The  apparatus  and  procedure  employed  in  this  work  were 
those  described  by  Niederl  and  Niederl  (9),  except  where 
modifications  are  specifically  mentioned. 

Apparatus 

Bomb  Furnace  ( 6 ,  p.  122).  Any  metal  block  or  cylinder  with 
suitable  borings  for  the  pressure  tubes  can  be  used.  The  heating 
may  be  done  by  gas  or  electrically  (4) . 

Pressure  Tubes  ( 6 ,  p.  122).  The  pressure  tubes  are  of 
straight-walled  Pyrex  glass  without  a  constricted  end.  They  are 
20  cm.  long,  9  to  10  mm.  in  inside  diameter,  and  should  have  a 


minimum  wall  thickness  of  1  mm.  and  a  round  (semicircular) 
bottom.  Tubes  which  possess  a  visible  seam  are  unsatisfactory. 

Filter  Tubes  ( 6 ,  p.128).  The  original  Pregl  filter  tube  (7)  with  its 
capillary  constriction  and  asbestos  mat,  as  well  as  filter  tubes  having 
a  sealed-in  fritted-glass  plate  with  or  without  an  additional  asbestos 
mat,  can  be  used.  The  latter  type  is  preferred,  as  it  is  easier  to 

clean  and  the  weight 
seems  to  show  a 
greater  constancy. 
A  filter  plate  of  No. 
3  porosity  will  re¬ 
tain  the  silver 
halide  or  the  ben¬ 
zidine  sulfate. 
However,  these  fil¬ 
ters  do  not  have  a 
uniform  porosity 
and  filters  of  the 
same  number  us¬ 
ually  show  a  wide 
variation  in  filter 
speed.  Each  filter 
tube  should  there¬ 
fore  be  tested  for  its 
speed  of  filtration  as 
follows :  When  the 
filter  tube  is  placed 
on  the  filtration 
apparatus  and 
attached  to  a  good 
water  pump, 
operating  at  maxi¬ 
mum  pressure,  it 
should  filter  water 
at  a  rate  of  70  ml. 
per  minute. 

The  retentivity 
of  a  filter  tube  is 
checked  by  its  performance  with  a  standard  precipitate  of  silver 
bromide  which  is  prepared  by  precipitating  5  mg.  of  potassium 
bromide,  dissolved  in  5  ml.  of  halogen-free  distilled  water,  with 
2  ml.  of  3  per  cent  silver  nitrate  solution  in  the  presence  of  1  ml.  of 
concentrated  nitric  acid.  The  silver  bromide  is  coagulated  by 
heating  and  is  then  filtered,  dried,  and  weighed  as  usual.  Satis¬ 
factory  filter  tubes  should  retain  the  calculated  amount  of  silver 
bromide  to  within  3  to  5  parts  per  thousand. 

Table  I  illustrates  the  behavior  of  three  sample  filter  tubes 
when  retentivity  of  silver  bromide  was  investigated.  The 
experimental  error  in  each  case  wras  positive. 

A  new  filter,  as  well  as  a  used  one  in  which  the  pores  have  be¬ 
come  clogged,  is  cleaned  by  boiling  it  for  30  minutes  in  nitric  acid 
(1  to  1),  then  boiling  in  distilled  water,  and  rinsing  three  times 
with  halogen-free  distilled  water.  This  treatment  is  important 
for  the  achievement  of  constancy  of  weight  with  the  filter.  Diffi¬ 
culty  has  been  experienced  in  weighing  to  constant  weight  filter 
tubes  which  have  been  previously  cleaned  with  sulfuric  acid- 
bichromate  cleaning  mixture  in  the  conventional  manner.  The 
same  filter  tubes  upon  subsequent  treatment  with  nitric  acid 
readily  became  constant  in  weight. 


Figure  1.  Sealing  Pressure  Tube, 
with  Tirrill  Burner 
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Drying  Block  ( 6 ,  p.  25).  Any  metal  block  (copper,  brass, 
aluminum,  etc.)  with  suitable  borings  for  the  filter  tube  and  the 
thermometer  is  suitable.  The  heating  may  be  done  by  gas  or 
electrically. 

Reagents 

For  Halogen  Determination  ( 6 ,  p.  119).  All  initial  and 
precipitation  reagents  must  be  halogen-free. 

Distilled  water;  concentrated  nitric  acid  (specific  gravity  1.4); 
|  silver  nitrate  crystals;  30  per  cent  aqueous  potassium  iodide  solu¬ 
tion  (H),  prepared  by  dissolving  30  grams  of  potassium  iodide  in 
enough  distilled  water  to  bring  the  total  volume  of  the  solution  to 
100  ml.  The  solution  must  be  repeatedly  filtered  to  ensure  com¬ 
plete  freedom  from  any  suspended  foreign  matter  such  as  dust 
particles,  filter  paper  fibers,  etc.  The  solution  is  kept  in  a  dark- 
glass  bottle.  Ethyl  alcohol,  95  per  cent. 

For  Sulfur  Determination  ( 6 ,  p.  143).  All  reagents  em¬ 
ployed  must  be  free  of  sulfate  ion. 

Distilled  water;  concentrated  nitric  acid  (specific  gravity  1.4)  ; 
sodium  chloride;  sodium  bromide;  2  per  cent  aqueous  solution  of 
benzidine  hydrochloride,  prepared  by  dissolving  5  grams  of  benzi¬ 
dine  hydrochloride  in  40  ml.  of  1  N  hydrochloric  acid  and  adding 
enough  50  per  cent  alcohol  to  make  250  ml.  of  solution.  The 
solution  is  brought  to  boiling,  cooled,  and  filtered.  The  solution, 
which  must  be  filtered  from  time  to  time,  is  kept  in  a  glass- 
stoppered  bottle.  Ethyl  alcohol,  95  per  cent. 


Table  I.  Retentivity  of  Filter  Tubes 

Weight  of 


Observed  Weight 

Silver  Bromide 

Filter 

of  KBr 

Found 

Theory 

Deviation 

Mg. 

Mg. 

Mg. 

Parts / 1 000 

1 

5.120 

8.103 

8.079 

+  3 

2° 

6.071 

9.602 

9.579 

+2 

3 

6.438 

10.188 

10.160 

+3 

a  Precipitate  was  dissolved  in  5%  thiosulfate  solution  and  filter  tube  was 
weighed  second  time  empty. 


Procedure 

Preparation  and  Weighing  of  Sample.  A  5-mg.  sample 
is  usually  taken  for  the  chlorine  or  sulfur  determination, 
7-mg.  for  the  bromine,  and  10-mg.  for  the  iodine  determina¬ 
tion.  Using  an  analytical  balance  of  proper  sensitivity  and 
precision  instead  of  a  microchemical  balance  (5),  it  was  found 
that  a  12-mg.  sample  was  sufficient  for  the  determination  of 
chlorine  or  of  sulfur  but  that  at  least  20  mg.  are  required  for 
substances  containing  bromine  or  iodine.  The  amount  of 
silver  halide  formed  often  weighs  less  than  the  original  sub¬ 
stance,  so  that  the  special  case  applies  where  the  sample 
weight  is  greater  than  the  weight  of  the  reaction  product  (s  >r) . 


The  sample  is  introduced  into  the  pressure  tube  in  the  usual 
manner — i.  e.,  dry  solid  samples  by  means  of  the  long-stem  weigh¬ 
ing  tube  (6,  p.  33),  low  boiling  liquids  (up  to  200°  C.)  by  means  of 
a  capillary  pipet  ( 6 ,  p.  178),  high  boiling  liquids  (above  200°  C.), 
and  semisohds  by  means  of  capillaries  open  at  both  ends  ( 6 ,  p.  35). 
Then,  in  the  case  of  the  halogen  determination,  a  crystal  of  silver 
nitrate  [not  more  than  a  10  per  cent  excess  over  the  required 
amount  (10  mg.  for  chlorine  and  15  mg.  for  bromine  and  iodine)  ] 


is  dropped  into  the  pressure  tube,  while  in  the  case  of  the  sulfur 
determination  about  5  mg.  of  sodium  chloride  or  bromide  (sodium 
bromide  in  case  the  sample  has  proved  difficult  to  oxidize)  are 
added  to  the  sample  contained  in  the  pressure  tube.  After  this 
0.3  ml.  (5  to  6  drops)  of  concentrated  nitric  acid  is  added  by 
means  of  a  dropping  pipet  without  a  rubber  bulb,  in  such  a  man¬ 
ner  that  it  rinses  the  wall  of  the  pressure  tube. 

Sealing  the  Tubes.  The  tubes  may  be  sealed  by  means  of  the 
blast  lamp  or  with  an  ordinary  Tirrill  gas  burner  as  suggested  by 
Tiedcke  (8) .  Before  the  tube  is  sealed  off,  the  nitric  acid  adhering 
to  the  wall  of  the  upper  portion  of  the  pressure  tube  is  driven  down 
by  passing  the  open  end  of  the  tube  several  times  through  a  soft 
but  nonluminous  flame  until  dry.  It  is  then  allowed  to  cool. 

Sealing  with  Tirrill  Burner  (8).  The  tube  is  held  in  both  hands 
in  a  slightly  inclined  position  and  is  heated  by  means  of  a  hissing 
flame  (15-cm.,  6-inch,  outer  cone,  5-cm.,  2-inch,  inner  cone)  at  a 
point  6  cm.  from  the  open  end,  the  tube  being  slowly  rotated 
during  this  process  (Figure  1,  a).  When  the  glass  has  softened 
sufficiently,  so  that  the  tube  shows  signs  of  collapsing,  the  tube  is 
removed  from  the  flame  and  is  drawn  out  slightly  to  form  a  con¬ 
stricted  region  about  2  cm.  long,  b.  The  flame  is  now  applied 
again  at  the  base  of  the  constriction  to  cause  the  tube  to  collapse, 
taking  care  that  the  original  wall  thickness  is  maintained  as  the 
tube  narrows  down.  After  the  tube  has  completely  collapsed,  it 
is  withdrawn  from  the  flame  and  pulled  out  to  a  long  capillary,  c. 
This  capillary  is  sealed  at  its  base  in  the  flame  to  a  pointed  seal,  d, 
and  the  whole  end  is  then  well  annealed  under  a  good  coating  of 
soot.  The  tube  is  kept  in  a  vertical  position  until  it  is  cold. 

Sealing  with  Blast  Lamp.  In  sealing  the  pressure  tube  over  a 
blast  lamp  it  has  been  found  best  first  to  seal  on  another  piece  of 
the  same  tubing  to  serve  as  a  handle  (Figure  2,  a) .  The  tubing  is 
then  heated  throughout  a  distance  of  3  cm.  at  a  point  about  6  cm. 

from  the  junction,  being  held  steady  in  the  flame 
without  pulling,  until  the  walls  thicken  ( b ,  et  seq.). 
A  wide  central  capillary  should  still  remain,  how¬ 
ever,  c.  The  tubing  is  then  pulled  as  nearly 
vertically  as  possible  and  the  extended  capillary  is 
heated  at  its  base  with  a  small,  sharp  flame,  d. 
This  is  pulled  out  again  and  after  cutting  off  with 
the  flame,  e,  the  end  is  fire-polished,  /.  A  heavy, 
solid  glass  sheath,  g,  should  be  avoided. 

Digestion.  The  tube  is  wiped  clean  with  a  cloth 
and  placed  in  the  furnace.  Heating  for  only  half 
an  hour  (instead  of  the  usual  5  hours)  at  300°  C. 
is  usually  sufficient  for  most  organic  halogen  and 
sulfur  compounds.  At  the  end  of  this  time  the 
tubes  are  allowed  to  cool  to  room  temperature  in 
the  furnace  and  are  then  pushed  out  with  a  glass 
rod,  so  that  the  sealed  tip  projects  about  1  cm. 
from  the  end  of  the  furnace.  The  tip  is  cautiously 
heated  by  lightly  passing  the  luminous  flame  of  a 
Bunsen  burner  over  it  until  any  liquid  caught  in 
the  tip  is  driven  down  into  the  cool  portion  of  the 
tube.  The  tip  is  then  heated  directly  at  one  point 
with  the  burner  flame  normal  to  the  glass  surface 
(Figure  3,  a).  The  internal  pressure  causes  the 
softened  glass  of  the  capillary  tip  to  pop,  b. 

Opening  the  Tube.  The  tube  with  its  pres¬ 
sure  released  is  best  opened  by  means  of  a  small 
Griff en  glass-cutting  wheel  having  V-shaped  jaws 
in  which  the  tube  is  supported  and  rotated.  A 
continuous  scratch  is  made  around  the  tube  just 


Figure  2.  Sealing  Pressure  Tube  with  Blast  Lamp 
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below  the  point  of  taper  in  the  halogen  determination,  while  in 
the  sulfur  determination  the  scratch  is  made  in  the  center  of  the 
tube.  The  molten  tip  of  a  thin  glass  rod  is  applied  just  above 
the  mark  with  the  tube  held  vertically,  and  this  is  repeated  if 
necessary,  until  a  crack  encircles  the  tube.  The  tubing  is  then 
pulled  apart  and  the  edge  is  fire-polished. 

Filtration 

Halogen  Determination.  When  the  tube  is  cool  again,  its 
contents  are  diluted  with  2  to  3  ml.  of  distilled  halogen-free  water 
and  it  is  placed  under  the  siphon  of  the  filtration  apparatus.  The 
precipitate  should  be  pulverized  by  crushing  the  lumps  with  the 
long  arm  of  the  siphon,  then  filtered  and  washed  in  the  usual 
manner.  A  glass  rod  15  cm.  long  and  2  mm.  thick,  fitted  with  a 
length  of  rubber  tubing  7  mm.  long  and  4  mm.  in  outside  diameter, 
may  also  be  used  to  dislodge  any  particles  of  precipitate  adhering 
to  the  wall  of  the  bomb  tube. 

Drying  and  Weighing  the  Precipitate.  The  filter  tube  is  dried 
on  the  drying  block  ( 6 ,  p.  26)  for  15  minutes  at  110°  C.  under 
barely  perceptible  suction.  A  too  violent  suction  sets  up  air  cur¬ 
rents  within  the  filter  and  may  scatter  part  of  the  precipitate  over 
the  dust  filter. 

Dissolving  the  Silver  Halide.  In  the  conventional  halogen  de¬ 
terminations  the  filter  tube  is  weighed  first  without  and  then  with 
the  halide,  the  difference  in  weight  being  that  of  the  halide.  This 
method,  however,  precludes  the  presence  of  glass  splinters. 

It  has  been  found  best  to  weigh  the  filter  tube  and  precipitate 
first  and  to  dissolve  the  silver  halide  afterwards  with  the  potas¬ 
sium  iodide  solution  ( 2 ).  The  filter  tube  is  filled  with  the  potas¬ 
sium  iodide  solution  by  means  of  a  medicine  dropper  and  the 
solution  is  allowed  to  drip  slowly  under  the  pressure  of  its  own 
head  or  under  gentle  suction.  This  is  repeated  a  second  time 
with  another  portion  of  the  same  solution.  Each  washing  should 
take  5  minutes.  If  the  precipitate  has  not  dissolved  by  this  time, 
the  treatment  is  repeated.  Particles  of  glass  should  not  be  mis¬ 
taken  for  undissolved  halide.  Finally,  the  filter  is  washed  twice 
again,  but  more  rapidly,  with  potassium  iodide  solution,  five  times 
with  distilled  water,  and  three  times  with  alcohol.  It  is  then 
dried,  wiped,  and  weighed,  as  before.  In  case  different  halogens 
(Cl-Br,  Cl-I,  Br-I,  or  Cl-Br-I)  are  present,  each  and  every  halogen 
is  dissolved  separately  with  the  appropriate  solvent  for  the  silver 
halide  in  question,  the  washing,  drying,  and  weighing  procedure 
is  applied  to  the  remaining  precipitate,  and  finally  the  potassium 
iodide  procedure  is  used. 

Table  II.  Typical  Halogen  Analyses 

(Precipitate  dissolved  in  5%  sodium  thiosulfate  solution) 


Weight  of 

Weight  of 

Halogen 

Differ¬ 

Substance 

Sample 

Silver  Halide 

Found 

Theory 

ence 

Mg. 

Mg. 

% 

% 

% 

o-Chlorobenzoic  acid 

5.243 

4 . 855 

22.91 

22.64 

+  0.27 

4.249 

3.832 

22.31 

-0.33 

5.711 

5.201 

22.53 

-0.11 

p-Nitrobromobenzene 

6.704 

6.290 

39.92 

39.56 

+  0.36 

7.708 

7.209 

39.80 

+0.24 

D  ibro  mores  or  cinol- 

diethylketone  com¬ 

6.856 

3.510 

21.79 

21.71 

+  0.08 

pound 

7.131 

3.584 

21.39 

-0.32 

p-Chlorothymol 

5.725 

4.384 

18.94 

19.20 

-0.26 

5.572 

4.288 

19.04 

-0.16 

Typical  results  are  given  in  Table  II,  where  5  per  cent 
sodium  thiosulfate  solution  was  used  as  a  solvent  instead  of 
the  more  efficient  potassium  iodide  solution  adopted  later. 

Table  III  is  a  selection  of  undergraduate  student  analyses 
made  by  students  previously  unfamiliar  with  the  determina¬ 
tion.  Potassium  iodide  solution  was  used  to  dissolve  the  pre¬ 
cipitate. 

Sulfur  Determination.  The  lower  part  of  the  pressure  tube, 
which  contains  the  oxidation  mixture,  is  filled  with  distilled  water 
and  the  resulting  solution  is  transferred  to  the  precipitation  tube 
(Figure  4,  a),  which  is  15  cm.  in  length  and  is  provided  with  a 
No.  7  standard  ground-glass  joint.  The  same  part  of  the  pressure 
tube  is  again  filled  with  distilled  water  and  this  washing  is  also 
transferred  to  the  precipitation  test  tube.  Then  the  upper  part 
of  the  pressure  tube,  the  tip  of  which  has  been  resealed,  is  filled 
once  with  distilled  water  and  this  washing  is  added  to  the  first 
two  portions. 

Apparatus  for  Evaporation.  The  sulfate  solution  as  obtained 
above  has  to  be  evaporated  to  dryness.  This  may  be  accom¬ 
plished  in  several  ways,  but  evaporation  under  diminished  pressure 
in  a  closed  system  has  been  found  most  convenient.  The  appa¬ 
ratus  for  the  evaporation  under  diminished  pressure  (Figure  4) 
consists  of  the  precipitation  tube,  a,  the  water  bath,  b,  and  the 


side-arm  suction  tube,  c.  a  is  fitted  with  a  standard  glass  stopper 
of  a  gas  wash  bottle,  d,  possessing  also  a  No.  7  ground-glass  joint. 
Into  the  upper  portion  of  the  gas  inlet  tube  is  inserted  a  wad  of 
cotton  which  serves  as  a  dust  filter.  The  tube  also  carries  a  pinch- 
cock  to  regulate  the  flow  of  air.  The  air  inlet  tube  should  extend 
into  the  precipitation  tube  to  about  5  mm.  above  the  surface  of 
the  liquid.  By  means  of  a  suitably  bent  glass  tube,  the  outlet 
tube  of  the  stopper,  d,  is  connected  to  the  side-arm  suction  tube,  c, 
which  serves  as  both  a  suction  flask  and  a  trap. 

Table  III.  Undergraduate  Student  Analyses 


(Precipitate  dissolved  in  30%  potassium  iodide  solution) 


Weight  of 

Weight  of 

Halogen 

Differ 

Student  Unknown 

Sample 

Silver  Halide 

Found 

Theory 

ence 

Mg. 

Mg. 

% 

% 

% 

o-Chlorobenzoic  acid 

7.567 

7.001 

22.89 

22.64 

+0.25 

p-Chlorothymol 

3.063 

2.387 

19.28 

19.20 

+0.08 

4.050 

3.198 

19.53 

+0.33 

7.632 

5.809 

18.83 

-0.37 

0.952 

0.727 

18.90 

-0.30 

0.978 

0.753 

19.05 

-0.15 

3,5-Dibromopyridine 

3.616 

5.795 

68.20 

67.47 

+  0.73 

5.148 

8.143 

67.31 

-0.16 

p-Dichlorobenzene 

2.999 

5.913 

48.78 

48.24 

+  0.54 

p-Bromoacetanilide 

6.637 

5.902 

37.84 

37.33 

+0.51 

Monobromocamphor 

7.834 

6.218 

33.78 

34.58 

-0.80 

3.301 

2.629 

33.89 

-0.69 

Precipitation.  As  soon  as  the  liquid  has  evaporated,  3  ml.  of 
distilled  water  are  added  to  the  residue  and  the  solution  is  ex¬ 
amined  for  the  presence  of  glass  or  other  nonsoluble  particles.  If 
any  such  particles  are  noticed,  the  solution  is  filtered  into  another 
precipitation  tube,  using  a  filter  funnel  containing  a  small  mois¬ 
tened  cotton  wad  as  filter  mat.  The  original  precipitation  tube  is 
washed  with  2  ml.  of  ethyl  alcohol  and  this  is  filtered  through 
the  same  cotton  wad.  After  this  the  cotton  is  squeezed  with  a 
glass  rod  to  remove  the  last  drops  of  solution,  1  ml.  of  benzidine 
hydrochloride  solution  is  added  to  the  filtrate,  and  the  precipitate 
formed  is  allowed  to  stand  for  a  half  hour. 


Table  IV.  Sulfur  Analyses 


Weight  of 

Weight  of  Benzi¬ 

Sulfur 

Differ¬ 

Substance 

Sample 

dine  Sulfate 

Found 

Theory 

ence 

Mg. 

Mg. 

% 

% 

% 

3-Nitro-6-chloroben- 

5.587 

5.947 

12.06 

11.76 

+0.30 

zene  sulfonic  acid 

5.079 

5.229 

11.70 

-0.06 

(hydrate) 

6.095 

6.278 

11.74 

-0.02 

p-Toluene-sulf  on- 

6.740 

10.939 

18.54 

18.71 

-0.17 

amide 

6.243 

10 . 285 

18.72 

+0.01 

5.495 

8.882 

18.37 

-0.34 

Benzyl  disulfide 

6.600 

8.849 

15.27 

14.98 

+0.29 

o-Tolyl  thiourea 

5.012 

8.420 

19.09 

19.18 

-0.09 

6.593 

11.046 

19.08 

-0.10 

Dibutyl  sulfone 

3.409 

5.454 

18.18 

17.99 

+  0.21 

Phenyl-p-tolyl 

6.507 

7.930 

13.84 

13.79 

+0.05 

sulfone 

5.850 

7.251 

14.08 

-0.29 

Sulfonal“ 

3.452 

8.578 

28.23 

28.08 

+  0.15 

Factor:  0.11362  (log  05543)  (1  part  of  S  =  7.28  parts  of  BaSO< 

or  8.80 

parts  of  C12H12N2.H2SCL) 

a  This  compound  required  5  mg.  of  NaBr,  0.5  ml.  of  HNOa,  and  3  hours  for 
digestion. 
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Filtration.  The  filtration  is  carried  out  in  the  same  way  as  the 
halogen  determination.  The  precipitation  tube  is  washed  out 
with  a  total  of  5  ml.  of  95  per  cent  alcohol  in  small  portions. 
These  washings  are  transferred  to  the  filter  in  the  same  way  as  the 
precipitate.  If  any  particles  still  adhere  to  the  walls  of  the  pre¬ 
cipitation  tube,  a  glass  rod  may  be  used  to  remove  them. 

The  solubility  of  benzidine  sulfate  in  water  has  been  deter¬ 
mined;  1  ml.  of  a  saturated  aqueous  solution  contains  0.2  mg.  of 
benzidine  sulfate.  Under  the  above  filtration  conditions  1  ml.  of 
wash  water  was  found  to  contain  0.086  mg.  of  benzidine  sulfate, 
a  fact  which  led  to  the  adoption  of  95  per  cent  ethyl  alcohol,  in 
which  the  reagent  is  not  precipitated,  as  wash  liquid.  In  drying 
the  precipitate  a  strong  current  of  air  may  be  used,  since  the  pre¬ 
cipitate  forms  a  hard  mat  which  is  not  easily  disrupted  by  air 
currents. 

Cleaning  the  Filter.  The  filter  is  filled  with  concentrated  sulfuric 
acid,  which  is  drawn  off  after  a  few  minutes  by  means  of  suction. 
It  is  then  washed  with  about  100  ml.  of  boiling  distilled  water 
and  tested  for  the  presence  of  sulfate  ions  by  filtering  a  few  milli¬ 
liters  of  water  through  the  filter  and  adding  1  ml.  of  benzidine 
hydrochloride  solution  to  the  filtrate. 

Typical  results  are  given  in  Table  IV. 

Summary 

Some  micro-Carius  procedures  for  halogen  and  sulfur  were 
unified  and  then  standardized.  Inherent  difficulties  of  the 
otherwise  universally  applicable  and  reliable  Carius  method 
were  wholly  or  partially  remedied.  The  danger  of  explosion 
was  practically  eliminated  by  reducing  the  amount  of  con¬ 
centrated  nitric  acid  used  from  0.8  ml.  to  5  to  6  drops  and  by 
shortening  the  period  of  digestion  from  5  hours  to  0.5  hour. 


The  danger  of  contamination  of  the  reaction  product  with 
glass  splinters  was  eliminated  in  the  case  of  the  halogen  de¬ 
termination  by  applying  the  method  of  differential  weighing, 
involving  the  treatment  of  the  silver  halide  with  a  concen¬ 
trated  aqueous  solution  of  potassium  iodide,  and  in  the  case 
of  the  sulfur  determination  by  filtering  the  sodium  sulfate 
solution  before  precipitation  with  benzidine  hydrochloride. 

One  and  the  same  filtration  method  and  apparatus  are  used 
for  both  halogen  and  sulfur  determination.  Specifications  for 
filter  tubes  suitable  for  these  determinations  are  given. 
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Precision  of  the  Microelectrolytic 
Determination  of  Copper 
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IT  IS  the  purpose  of  this  paper  to  estimate  the  magnitude 
of  the  precision  of  the  steps  in  the  microelectrolytic 
determination  of  1  to  2  mg.  of  copper,  using  apparatus  in 
common  use  in  microchemical  work.  The  scope  is  limited  to 
solutions  containing  no  other  metal  but  copper.  The  results 
will  also  be  used  in  subsequent  work  as  a  basis  for  estimating 
the  errors  resulting  from  the  presence  of  other  metals  dur¬ 
ing  the  separation  of  copper. 

The  magnitude  of  the  precision  is  expressed  as  the  average 
deviation  of  a  series  of  measurements  from  the  arithmetic 
mean.  By  definition  ( 6 )  the  “average  deviation  from  the 
mean”  is  equal  to  the  sum  of  the  deviations  from  the  mean 
(regardless  of  sign)  divided  by  the  number  of  determinations. 

_  i  •  j  •  ,  di  -f-  ch  -f-  .  .  .  .  dn 

Thus  Do,  the  average  deviation,  equals - — - > 

where  dh  d2,  and  dn  are  individual  deviations  and  n  is  the 
number  of  determinations. 

Specific  data  on  the  precision  of  the  microelectrolysis  of 
copper  from  solutions  containing  no  other  metal  than  copper 
are  rare.  In  most  cases  the  only  comparable  figures  are  the 
final  weights  of  copper  obtained,  experimental  conditions 
have  not  been  maintained  throughout  a  series  of  observa¬ 
tions,  and  few  details  on  the  precision  of  the  individual  op¬ 
erations  are  given.  Table  I  gives  a  brief  summary  of  the 
literature. 

Most  of  the  electrolyses  referred  to  were  carried  out  in  hot 
solutions  and  with  voltages  varying  from  2.0  to  3.1  volts. 
The  solutions  were  usually  stirred  either  by  heating  or  by 
bubbling  air  through  them. 


The  earlier  authors  (S,  11)  used  the  Nernst  torsion  bal¬ 
ance,  which  under  best  circumstances  is  sensitive  to  ±0.0005 
mg.  Following  the  work  of  Pregl  {10),  other  authors  have 
used  the  more  nearly  standard  types  of  microbalance.  It  is 
not  to  be  expected  that  the  precision  with  the  two  types  of 
balances  is  strictly  comparable;  indeed,  none  of  the  later 
work  compares  with  that  of  Riesenfeld  and  Moller  in  high 
precision. 


Table  I.  Summary  of  Literature 


Observer 


Weight  of  Copper 

Determined  Deviation 


Mg. 


Mg. 


Benedetti-Pichler  (£) 

Brill  and  Evans  (3) 

Clarke  and  Hermance  (J) 
Emich  and  Donau  (5) 
Hernler  and  Pfenigberger  (7) 
Okacs  (3) 

Phillippi  and  Hernler  (9) 
Riesenfeld  and  Moller  (11) 


15-20 
0.3-1. 1 
0.1-1 
7-41 
0.1-1 
0 . 3-3 . 6 
0.1-2 
0.1883 


0.09 

0.015 

0.005 

0.15 

0.019 

0.03 

0.005-0.029 
0 . 0005° 


o  A  Nernst  balance  sensitive  to  0.0005  mg.  was  employed. 


Experimental 

In  the  following  work,  a  Sartorius,  air-damped  micro¬ 
balance  with  a  sensitivity  of  0.00135  mg.  per  division,  with 
protected  beam  was  used  (0.00135  mg.  is  required  to  shift 
the  rest  point  one  tenth  the  distance  between  successive 
lines  on  the  pointer  scale).  It  was  located  in  a  special 
balance  case  in  a  quiet  part  of  the  building.  Temperature 
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variations  of  more  than  2°,  air  drafts,  and  rapid  changes  in 
humidity  were  avoided. 

The  cathode  was  handled  with  clean  white  cotton  gloves, 
except  that  bone-tipped  forceps  were  used  when  putting  it  on 
or  taking  it  off  the  balance. 

Precision  of  Rest  Point  of  Balance.  Twelve  series  of 
observations  of  the  rest  point  of  the  empty  balance  were 
obtained  during  the  course  of  the  present  investigation. 
Each  series  represents  a  succession  of  from  four  to  seven 
rest  points  with  intermediate  raising  (and  lowering)  the 
beam.  A  typical  group  of  successive  rest  points  is:  —10,  —8, 
—3,  —6.5,  —4.  The  average  deviation,  Da,  from  the  mean 
of  these  readings  is  2.2  divisions,  which  is  equivalent  to 
±0.003  mg.  [While  Pregl  states  that  the  Kuhlmann  balance 
is  accurate  to  0.001  mg.,  Benedetti-Pichler  (1)  points  out  that 
this  accuracy  can  be  attained  only  as  the  average  of  several 
determinations.  A  single  weighing  is  likely  to  be  in  error  by 
as  much  as  ±0.005  mg.]  For  the  twelve  series  of  observa¬ 
tions,  the  average  value  of  Da  is  ±0.0031  mg. 

Precision  of  Setting  Rider.  The  precision  with  which 
the  rider  could  be  reset  in  the  same  position  was  determined 
next.  This  operation  involves  successive  determinations  of 
the  rest  point  with  intermediate  raising  and  lowering  of  the 
beam  and  the  rider.  Five  series  of  observations  gave  an  aver¬ 
age  value  of  Da  equal  to  0.0042  mg. 

This  value  is  slightly  larger  than  the  corresponding  value 
of  0.0031  mg.  when  the  rider  was  not  involved.  It  is  con¬ 
cluded  therefore  that  the  added  operation  of  resetting  the 
rider  between  successive  rest  points  decreases  only  slightly 
the  precision  in  using  the  balance. 

Handling  Cathode  and  Weights.  After  determining 
the  rest  point  with  cathode  and  weights  on  the  balance, 
both  were  removed,  the  rider  and  beam  were  raised,  all  were 
once  more  placed  on  the  balance,  and  the  rest  point  was  re¬ 
determined.  Six  series  of  observations  of  4  to  7  determinations 
each  gave  an  average  value  for  Da  of  0.0043  mg.  It  may  be 
concluded  that  no  error  is  contributed  by  the  operation  of 
handling  the  cathode  and  weights. 

Effect  of  Cleaning  and  Drying  Bare  Cathode.  Four 
series  of  observations,  in  each  of  which  the  cathode  was  sev¬ 
eral  times  cleaned  in  1  to  1  nitric  acid,  washed  with  water 
and  alcohol,  dried  at  110°  C.  for  5  minutes,  and  weighed,  gave 
an  average  value  for  Da  of  0.0038  mg.  That  this  value  is  of 
the  same  order  of  magnitude  as  in  the  previous  operation 
indicates  that  no  additional  error  occurs  in  this  step. 

Drying  Cathode  with  Deposit.  Two  methods  of  drying 
w'ere  investigated:  (1)  After  washing  with  water  and  alco¬ 
hol,  the  latter  was  set  on  fire  and  the  cathode  gently  waved 
until  the  alcohol  was  completely  burned;  and  (2)  after  wash¬ 
ing  with  alcohol  the  cathode  was  placed  in  an  oven  at  110°  C. 
for  5  minutes.  When  the  first  method  was  repeated  three 
times  on  the  same  cathode  and  copper  deposit,  successive 
weights  were  5.452,  5.481,  and  5.492  mg.  The  deposit  was 
clearly  tarnished  after  the  second  drying.  When  cathode 
and  deposit  were  heated  by  the  second  method  for  5,  10,  125, 
and  380  minutes,  successive  weights  were  5.870,  5.872,  5.872, 
and  5.881  mg.  Only  after  the  longest  period  of  heating  was  a 
tarnish  observed.  It  is  obvious  that  oven-drying  at  110°  is 
superior  to  drying  by  the  heat  of  the  burning  alcohol,  since 
the  latter  leads  to  oxidation  of  the  deposit.  The  error  in¬ 
volved  in  heating  at  110°  for  5  to  10  minutes  is  also  insig¬ 
nificant. 

Precision  of  Sampling.  The  delivery  of  a  5-ml.  volu¬ 
metric  pipet  (delivery  time,  20  seconds)  was  observed  by 
weighing  to  the  nearest  milligram  the  weight  of  water  de¬ 
livered.  After  cleaning  the  pipet  with  cleaning  solution 
and  washing,  it  was  filled  above  the  mark  with  water,  the  ex¬ 
cess  wiped  off  with  a  towel,  the  meniscus  lowered  to  the  mark, 
the  tip  touched  against  glass,  and  the  water  allowed  to  run 


Table  II.  Precision  of  Steps  in  Electrolytic  Operation 

- - Average  Deviation - . 


Operation 

Cumulative 

Mg. 

Individual 

Mg. 

1. 

Determining  rest  point 

±0.003 

2. 

Setting  rider 

±0.004  (includes  1) 

±0.001 

3. 

Handling  cathode  and  weights 

±0.004  (includes  2) 

0.000 

4. 

Cleaning  cathode 

±0.004  (includes  3) 

0.000 

5. 

Drying  deposit  and  cathode 

0.000 

6. 

Sampling  by  aliquots 

±0.002 

Table 

III.  Weights 

of  Copper 

Obtained 

FROM 

Aliquot 

Samples 

No.  of  Theoretical 

Mean 

Av. 

Solution 

Apparatus  Determinations 

Weight 

Weight 

Deviation 

Mg. 

Mg. 

Mg. 

i 

Pregl 

12 

1.398 

1.391 

±0.014 

i 

Pregl 

8 

1.398 

1.387 

±0.020 

2 

Pregl 

4 

1.502 

1.495 

±0.015 

2 

Pregl 

4 

1.502 

1.492 

±0.018 

2 

Clarke 

10 

1.502 

1.504 

±0.012 

2 

Clarke 

10 

1.502 

1.508 

±0.010 

out.  When  delivery  stopped,  the  adhering  drop  was  touched 
against  the  receiver  wrall  after  counting  five.  In  sampling, 
the  same  procedure  was  always  followed.  Eleven  deter¬ 
minations  of  the  volume  of  the  pipet  gave  extremes  from 
+0.009  to  —0.007  ml.  with  an  average  deviation  of  ±0.0035 
ml.  This  corresponds  to  about  ±0.0011  mg.  of  copper 
in  each  aliquot  containing  1.5  mg.  of  copper.  The  precision 
in  filling  a  250-ml.  volumetric  flask  used  in  this  work  is  of  the 
order  of  ±0.1  ml.,  which  corresponds  to  less  than  0.001  mg. 
of  copper  in  a  total  of  1.5  mg.  The  precision  in  sampling 
will  therefore  amount  to  ±0.002  mg.  when  both  sources  of 
error  are  included. 

The  results  up  to  this  point  are  summarized  in  Table  II. 
The  second  column  gives  the  cumulative  value  of  the  pre¬ 
cision  for  each  step.  The  third  column  gives  the  amount 
contributed  by  the  individual  operation.  It  is  apparent  that 
the  predominating  error  is  in  the  weighing  operation  and 
particularly  in  the  reproducibility  of  the  rest  point.  When 
all  the  operations  are  performed  which,  with  the  exception  of 
the  special  operation  of  electrolyzing  the  copper,  make  up  the 
complete  determination,  the  precision  value  may  be  as  great 
as  the  sum  of  the  values  for  operations  3,  5,  and  6.  Since  the 
first  three  operations  are  performed  twice  in  any  complete 
electrolytic  determination,  the  precision  magnitude  of  opera¬ 
tion  3  is  counted  twice.  The  resulting  value  for  the  sum 
of  all  operations  (except  electrolysis)  is  therefore  ±0.010 
mg.  This  value  represents  a  maximum  rather  than  a  sta¬ 
tistical  value  for  the  precision,  since  the  precisions  for  the 
integral  parts  are  not  necessarily  additive. 

Precision  of  Electrolytic  Deposition.  Having  esti¬ 
mated  the  precision  of  all  other  operations  save  electrolysis, 
this  operation  was  now  added  to  the  series  already  per¬ 
formed.  Both  Pregl  {10)  and  Clarke  (4)  types  of  apparatus 
were  used. 

Procedure  with  Pregl  Apparatus.  The  solution  (7  to  8  ml.)  was 
brought  slowly  to  a  boil  and  electrolysis  started  at  2.8  volts. 
After  3  to  4  minutes  the  burner  was  turned  off  and  the  solution 
permitted  to  cool  for  the  remainder  of  the  electrolysis.  Elec¬ 
trolysis  was  continued  25  minutes.  Urea  (30  to  40  mg.)  was 
added,  the  condenser  and  cell  were  washed  down  with  1  to  2  ml. 
of  water,  and  the  electrolysis  was  continued  for  5  minutes.  The 
voltage  was  raised  to  3.0  to  3.3  volts  for  the  last  several  minutes. 
The  solution  was  then  cooled  (if  not  already  cold),  and  the 
cathode  was  lifted  out,  washed,  rinsed  in  alcohol,  and  dried  at 
110°  C.  for  5  minutes. 

Procedure  with  Clarke  Apparatus.  The  solution  (7  to  8  ml.) 
was  heated  to  50°  to  60°  C.  and  electrolysis  started  at  2.6  to  2.7 
volts.  The  solution  was  stirred  by  bubbling  air  through  at  a  rate 
of  3  to  4  bubbles  per  second.  Electrolysis  was  continued  25 
minutes,  30  to  40  mg.  of  urea  were  added,  the  cell  was  washed 
down,  the  air  tube  was  withdrawn  and  flushed,  and  electrolysis 
was  continued  another  5  minutes  at  3.0  to  3.5  volts.  At  the  end 
of  this  time  the  cell  was  drained  slowly  and  flushed  with  50  to  60 
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ml.  of  water.  The  current  was  then  discontinued,  and  the  cathode 
was  withdrawn,  rinsed  in  alcohol,  and  dried  5  minutes  at  110°  C. 

Two  copper  solutions  were  prepared  by  dissolving  weighed 
amounts  of  Kahlbaum’s  reagent  copper  in  nitric  acid  followed  by 
evaporation  with  sulfuric  acid  to  fumes,  diluting,  and  making  up 
to  250  ml.  Five-milliliter  aliquot  samples  were  taken  for  analysis. 

It  was  early  determined  that  5  or  10  minutes  at  2.5  volts  seemed 
sufficient  to  deposit  all  the  copper.  However,  occasional  erratic 
results  led  to  increasing  this  time  to  20  or  30  minutes.  Voltages 
higher  than  2.8  volts  led  to  high  results  and  oxidized  deposits. 
Best  results  were  obtained  when  the  voltage  wras  held  at  about 
2.5  volts  during  most  of  the  electrolysis  and  then  raised  to  3  to  3.5 
volts  for  the  remaining  5  minutes.  A  drop  of  alcohol  as  suggested 
by  Benedetti-Pichler  prevented  spraying  by  the  emerging  gas 
bubbles. 

Table  III  gives  the  results  of  the  determinations  of  copper 
in  the  aliquot  solutions  using  the  Pregl  and  Clarke  electrodes 
and  apparatus. 

Discussion 

It  is  apparent  that  the  precision  with  the  Clarke  apparatus 
is  somewhat  better  than  with  the  Pregl  type.  For  the  Clarke 
apparatus  it  is  about  equal  to  the  precision  of  the  sum  of  all 
the  other  operations  except  deposition  of  the  metal.  This 
leads  to  the  conclusion  that  copper  can  be  deposited  with  a 
precision  better  than  that  of  the  rest  of  the  electrolytic  opera¬ 
tion — i.  e.,  that  the  error  in  depositing  copper  is  insignificant 
in  comparison  with  the  sum  of  all  the  other  errors  in  the  com¬ 
plete  determination. 

The  mean  weight  of  copper  obtained  in  the  second  set  of 
results  with  the  Pregl  apparatus  is  considerably  lower  than  the 
mean  of  the  results  with  the  Clarke  apparatus.  This  sup¬ 
ports  the  general  experience  in  this  laboratory  when  using 
the  Pregl  apparatus.  It  is  difficult  to  avoid  touching  the 
cathode  when  withdrawing  it  from  the  cell.  This  would 
doubtless  scrape  off  some  of  the  plate  and  give  low  results. 
Further,  breaking  the  circuit  while  the  electrolyte  is  still 
in  contact  with  the  solution  is  likely  to  lead  to  some  redis¬ 
solving  of  the  copper  deposit  and  thus  account  for  the  low 
results  obtained  with  the  Pregl  apparatus. 


Summary 

The  magnitudes  of  the  precision  of  the  various  opera¬ 
tions  of  a  complete  microelectrolysis  have  been  estimated  in 
terms  of  the  average  deviations  of  series  of  observations. 

Errors  in  using  the  microbalance  predominate  over  the 
errors  of  handling  cathode  and  weights,  of  cleaning  and 
drying  the  cathode,  and  of  sampling  by  aliquots. 

The  precision  with  which  copper  can  be  deposited  is  some¬ 
what  better  with  the  Clarke  apparatus  than  with  the  Pregl 
type.  For  the  Clarke  apparatus  1  to  2  mg.  of  copper  can  be 
determined  with  a  precision  of  ±0.010  to  ±0.012  mg.  for  a 
series  of  determinations. 

The  precision  for  the  complete  determination  using  the 
Clarke  apparatus  (±0.010  mg.)  is  of  the  same  order  of  magni¬ 
tude  as  for  the  sum  of  all  the  integral  operations  (±0.010 
mg.)  except  the  deposition  of  the  metal.  This  leads  to  the 
conclusion  that  the  errors  in  depositing  copper  are  insignifi¬ 
cant  by  comparison  with  the  sum  of  all  the  other  errors. 
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Detection  of  Aromatics  in  Air 

G.  R.  GILBERT  AND  R.  E.  TANNICH,  Humble  Oil  &  Refining  Company,  Baytown,  Texas 


THE  processing  of  aromatic  materials  in  industry  involves 
a  potential  hazard  to  the  health  of  the  personnel — ex¬ 
posure  to  aromatic  vapors  in  the  atmosphere.  It  has  been 
reported  (1)  that  100  p.  p.  m.  of  aromatics  is  the  maximum 
aromatic  concentration  in  which  a  man  may  work  safely.  In 
the  past,  the  lack  of  a  method  for  the  determination  of  aro¬ 
matics  in  the  atmosphere  in  the  presence  of  other  hydrocarbons 
made  it  impractical  to  define  the  areas  where  the  concentra¬ 
tion  of  aromatics  necessitates  protective  devices  for  the 
workers,  in  industrial  processes  such  as  the  sulfur  dioxide  ex¬ 
traction  of  petroleum  distillates.  An  analytical  procedure 
that  possesses  simplicity  and  a  sufficient  degree  of  accuracy 
has  been  devised  for  indicating  whether  the  aromatic  concen¬ 
tration  presents  such  a  health  hazard. 

The  Bureau  of  Mines  ( 2 )  lists  most  of  the  methods,  based 
on  the  measurement  of  physical  properties,  reported  in  the 
literature — namely,  fractional  distillation,  specific  gravity, 
sorption  on  solid  sorbents,  and  the  use  of  the  interferometer 
and  the  spectrograph.  Because  of  the  very  small  quantities 
of  aromatics  present,  distillation,  specific  gravity  measure¬ 
ments,  and  gain  in  weight  of  a  sorbent  are  inapplicable.  The 
use  of  the  interferometer  or  the  spectrograph  requires  a  skilled 
operator  and  expensive  equipment. 


In  addition  to  the  nitration  method  described  by  the  Bureau 
of  Mines  ( 2 ),  several  other  methods  were  investigated.  The 
chemical  methods,  utilizing  the  color  change  brought  about  by 
sulfonation  or  nitration,  were  found  to  be  unsuited  to  refinery 
practice,  probably  because  of  organic  dust  particles  in  the 
atmosphere.  Attempts  to  utilize  the  differences  in  solubility 
of  picric  acid  in  aromatics  and  paraffins  by  titration  with 
caustic  or  by  color  differences  failed  because  only  traces  of 
aromatics  were  present  in  the  atmosphere,  and  the  results  were 
inaccurate.  Utilization  of  the  difference  in  index  of  refraction 
by  absorption  in  a  low-boiling  paraffin  (n-heptane)  was  un¬ 
satisfactory  because  at  the  low  temperature  necessary  to  pre¬ 
vent  “weathering”,  ice  from  moisture  in  the  atmosphere 
rapidly  plugged  the  equipment.  On  the  other  hand,  the  use 
of  a  high-boiling  paraffin  resulted  in  failure  because  its  index 
of  refraction  was  too  close  to  that  of  the  aromatics. 

Description  of  Apparatus 

The  sample  of  air  to  be  tested  is  obtained  in  a  5-liter  Pyrex 
glass  short-necked  flask,  fitted  with  a  tight-fitting  rubber  stopper 
through  which  are  inserted  two  3-  to  4-mm.  straight-bore  glass 
stopcocks  and  a  low-temperature  thermometer  (Figure  1).  A 
long,  fine  capillary  tube  is  used  to  withdraw  the  condensed  sample 
from  the  flask.  Indices  of  refraction  are  determined  with  an 
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Table  I.  Data  on  Aromatic  Contaminant 

10%  off  on  Engler  distillation,  °  F.  243 

50%  off  on  Engler  distillation,  °  F.  262 

90%  off  on  Engler  distillation,  °  F.  298 

v.  -i-  -x  243  +  262  +  298  0  ^ 

Mean  average  boiling  point, - - - ■,  r  .  268 

Temperature  of  air  in  pump  room,  °  F.  110 

Absolute  pressure  of  air  in  pump  room,  mm.  750 

Aromatic  content  of  pump  liquid,  fraction  by  volume  0 . 85 
Density  of  pump  liquid  at  60°  F. 

Before  extraction  with  4  volumes  of  99.5 

per  cent  sulfuric  acid  0.8493 

After  extraction  with  4  volumes  of  99.5 

per  cent  sulfuric  acid  0.7500 

Condensation  and  absorption  of  unknown 
sample  from  pump  room 

Refractive  index  of  condensate  at  68°  F.  1 . 3315 

Condensation  and  absorption  of  air  con¬ 
taining  known  concentrations  of  pump 
liquid 

Pump  liquid,  cc.  per  5  liters  of  air  0.0005  0.0025  0.0125 

Aromatics  in  air,  p.  p.  m.  19  93  464 

Refractive  indices 

of  condensed  liquid  at  68°  F.  1.3305  1.3318  1.3360 

1.3308  1.3319  1.3360 

1.3305  1.3320  1.3316 

1.3306  1.3319  1.3360 


Abbe  refractometer  at  some  constant,  convenient  temperature 
(either  20°  C.,  68°  F.,  or  tap-water  temperature). 


Procedure 

For  clarity,  the  procedure  and  model  calculations  are  presented 
in  detail. 

Several  5-liter  flasks  are  evacuated  to  about  2  mm.  of  mercury 
absolute  pressure,  and  the  air  sample  is  obtained  by  opening  one 
of  the  stopcocks  in  the  atmosphere  suspected  of  contamination; 
two  or  three  air  samples  should  be  taken  for  the  purpose  of  check¬ 
ing.  A  sample  of  the  liquid  causing  the  contamination  is  also 
obtained  and  the  temperature  of  the  air  at  the  point  of  sampling 
is  read  and  recorded. 

A  portion  of  the  liquid  sample  is  tested  for  Engler  distillation, 
aromatic  content,  and  density  before  and  after  extraction  with  4 
volumes  of  99.5  per  cent  sulfuric  acid. 

Exactly  0.5  cc.  of  methyl  alcohol  is  measured  into  the  flask 
containing  the  air  sample  through  one  of  the  stopcocks  and  the 
alcohol  is  permitted  to  evaporate  completely  in  the  closed  flask  by 
warming  up  to  about  37.78°  C.  (100°  F.).  The  flask  and  contents 
are  then  cooled  to  —56.67°  C.  ( —70°  F.).  A  portion  of  the  con¬ 
densed  liquid  is  removed  from  the  bottom  of  the  flask  with  the 
capillary  tube  and  its  index  of  refraction  is  read  at  the  chosen 
temperature. 

Next,  100-cc.  blends,  containing  0.1,  0.05,  1.25,  and  2.5  cc.  of 
liquid  contaminant  in  methyl  alcohol,  are  made  up  to  obtain  the 
data  for  a  curve  of  “refractive  index  of  the  condensed  liquid  vs. 
liquid  volume  in  cc.”,  which  is  drawn  to  compare  the  known  con¬ 
centrations  of  the  hydrocarbon  with  that  present  in  the  unknown 

air  sample.  Exactly 
0.5  cc.  of  each  of  these 
blends  is  measured  in 
turn  into  partially 
evacuated  5-liter  flasks 
and  the  vacuum  is 
broken  by  admitting 
hydrocarbon-free  air. 
The  flask  is  then  closed, 
the  liquid  is  allowed  to 
evaporate  and  then 
chilled  down  according 
to  the  procedure  out¬ 
lined  in  the  foregoing 
paragraph,  and  the  re¬ 
fractive  index  of  the 
condensed  liquid  is  de¬ 
termined  at  the  chosen 
temperature. 

Indices  of  refraction 
are  plotted  against  the 
known  volumes  of  con¬ 
taminant  contained  in 
each  0.5  cc.  of  the 
blends  to  produce  a 
curve  from  which  the 
cubic  centimeters  of 
liquid  contained  in  the 
unknown  air  sample 
may  be  determined. 


Calculations 

In  order  to  calculate  the  parts  of  aromatic  vapors  per 
1,000,000  parts  of  air  from  the  cubic  centimeters  of  hydro¬ 
carbons  present  in  5  liters  of  the  air  sample,  the  following 
equations  are  used : 

- - — - x<t)dp  _  (ia  =  density  of  aromatics  at 

Xa 

15.56°  C.  (60°  F.)  present  in  liquid  sample  taken 

from  source  of  contamination  (1) 

where  xa  represents  the  aromatic  content  of  the  liquid  sample 
in  fraction  by  volume,  and  d  and  dp  represent,  respectively, 
the  density  at  60°  F.  of  the  liquid  sample  before  and  after  ex¬ 
traction  with  4  volumes  of  99.5  per  cent  sulfuric  acid. 

9120  X  cc  XjEada  ^  (460  t)  X  =  volumes  of  aro- 

m  p 

matics  vapor  per  million  volumes  of  air  (2) 

where  cc  represents  the  amount  of  total  hydrocarbons  ex¬ 
pressed  as  volume  of  liquid  (in  cc.)  present  in  the  air  sample 
(as  read  from  the  calibration  curve  of  refractive  index  of  con¬ 
densate  vs.  cc.  of  liquid  hydrocarbon  introduced  into  the  flask), 
m  the  molecular  weight  of  the  aromatics,  and  t  and  p  the  tem¬ 
perature  in  °  F.  and  the  absolute  pressure  in  millimeters  of 
mercury,  respectively,  of  the  contaminated  air. 


Figure  2.  Refractive  Index  of  Condensate  vs.  Concen¬ 
tration  in  Air 


Table  I  shows  the  data  obtained  on  a  sample  of  aromatic 
distillate  which  was  contaminating  the  atmosphere. 

The  curve  in  Figure  2  has  been  drawn  to  fit  the  data  ob¬ 
tained  on  the  5-liter  samples  of  air  containing  various  known 
amounts  of  pump  liquid.  As  shown  by  the  dotted  fines,  the 
volume  of  pump  liquid  (0.0019  cc.)  present  in  5  liters  of  the 
unknown  air  sample  was  determined  from  the  refractive  index 
(1.3315)  of  the  condensate  produced. 

According  to  the  dotted  lines  of  Figure  3,  the  average  mo¬ 
lecular  weight  (112)  of  the  pump  liquid  is  estimated  from  the 
mean  average  boiling  point  (131.11°  C.,  268°  F.). 

„  . .  „  ,  0.8493  -  (0.15)  X  0.7500  _ 

Substituting  in  Equation  1,  - q-^v - 

0.867,  the  specific  gravity  of  the  aromatics  present  in  the  liquid 

sample  taken  from  the  source  of  contamination. 

Q  ,  ...  ..  .  ..  o  moo  ^  0.0019  X  0.85  X  0.867 

Substituting  in  Equation  2,  9120  X - 


112 


X 


(460  +  110)  X  —  65  parts  per  million  (by  volume)  of 
aromatics  present  in  the  unknown  air  sample. 

Development  and  Accuracy  of  Method 

In  the  development  of  a  procedure  for  determining  aro¬ 
matics  in  the  atmosphere,  consideration  was  given  to  the  fact 
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Table  II.  Determination  of  Toluene 


Liquid  toluene,  cc.  per  5  liters 
of  air 

P.  p.  m.  in  air 

Refractive  indices  of  condensed 
liquid  at  68°  F. 


0.0005 

0.0025 

0.005 

0.010 

0.0125 

23 

116 

232 

465 

580 

1.3332 

1.3330 

1 . 3330 
1.3330 

1.3339 

1.3340 
1.3340 
1.3338 

1.3352 

1.3370 

1.3375 

1.3370 

1.3375 

that,  if  all  the  hydrocarbons  present  in  the  air  sample  were 
absorbed  in  a  given  volume  of  a  liquid  absorbent,  it  would  be 
possible  to  calculate  the  amount  of  hydrocarbons  present  in 
the  air  from  refractive  indices  of  the  alcohol-hydrocarbon  mix¬ 
ture,  the  alcohol,  and  the  hydrocarbons,  provided  a  liquid 
sample  of  the  hydrocarbons  present  in  the  air  were  available. 


Figure  3.  Molecular  Weight  of  Hydro- 
(  carbons  vs.  Mean  Boiling  Point 


Methyl  alcohol  was  chosen  as  the  absorbent  because  its  refrac¬ 
tive  index  is  less  than  that  of  the  aromatic  hydrocarbons  and  is 
about  the  same  as  that  of  water.  The  former  relationship 
makes  possible  the  calculations  required,  and  the  latter  rela¬ 
tionship  minimizes  the  error  introduced  by  variations  in 
humidity  of  the  air  sample. 

In  testing  out  the  possibilities  of  applying  the  foregoing 
principles  to  determine  the  amount  of  aromatics  present  in  the 
atmosphere,  blends  of  0.0005,  0.0025,  0.0050,  0.010,  and 
0.0125  cc.  of  liquid  toluene  with  0.5  cc.  of  methyl  alcohol  were 
measured  into  5-liter  flasks  at  26.67°  C.  (80  F.)  and  an  abso¬ 
lute  pressure  of  760  mm.,  evaporated  in  the  closed  flasks  by 
warming  the  mixture  to  about  37.78°  C.  (100°  F.),  and  then 
cooled  to  -56.67°  C.  (-70°  F.).  Table  II  shows  refractive 
indices  of  the  condensate  obtained  in  each  case. 

These  data,  which  are  plotted  in  Figure  2,  show  that,  since 
the  refractive  index  of  the  condensate  was  not  equal  to  that  of 
a  mixture  of  the  methyl  alcohol  and  hydrocarbons  injected 
into  the  flask,  only  a  partial  condensation  of  both  the  methyl 
alcohol  and  the  hydrocarbon  vapors  must  have  been  obtained 
when  the  vapors  were  cooled  from  the  temperature  of  com¬ 


plete  vaporization  of  the  liquids  to  —56.67°  C.  (—70°  F.). 

It  would  therefore  be  impossible  to  calculate  the  hydrocarbon 
vapor  present  in  a  sample  of  air  from  the  quantity  of  methyl 
alcohol  injected  and  refractive  indices  of  the  condensate  ob¬ 
tained  at  -70°  F.  and  the  methyl  alcohol  employed.  In 
order  to  estimate  the  concentration  of  hydrocarbon  in  the  un¬ 
known  air  samples,  every  analysis  must  therefore  be  accom¬ 
panied  by  cooling  of  air  samples  containing  known  concentra¬ 
tions  of  the  hydrocarbon  distillates  in  question  and  the  same 
volume  of  methyl  alcohol  as  that  used  in  the  unknown  sample 
and  then  constructing  a  curve  of  “refractive  index  vs.  the 
volume  of  hydrocarbon  distillate  used”.  The  amount  of 
hydrocarbon  present  in  the  unknown  sample  can  then  be  read 
from  this  curve  by  means  of  the  refractive  index  of  the  con¬ 
densate  obtained  at  -70°  F.  and  the  concentration  of  aro¬ 
matics  expressed  in  terms  of  parts  per  million  can  be  calcu¬ 
lated. 

An  inspection  of  the  distribution  of  the  points  which  deter¬ 
mined  the  curves  for  both  toluene  and  the  aromatic  distillate 
in  Figure  2  shows  that,  for  concentrations  in  the  range  of  100 
p.  p.  m.  (0.00215  cc.  of  toluene  and  0.0027  cc.  of  aromatic  dis¬ 
tillate  per  5  liters  of  air),  the  method  is  accurate  to  about  15 
p.  p.  m.  of  aromatics.  For  concentrations  in  the  range  of  400 
p.  p.  m.  (0.0086  cc.  of  toluene  and  0.0108  cc.  of  aromatic  dis¬ 
tillate  per  5  liters  of  air),  the  method  is  accurate  to  only  about 
80  p.  p.  m. 

Derivation  of  Equation  for  Determining  Aromatic 
Vapors  in  Air 

Let  cc  =  cubic  centimeters  of  liquid  hydrocarbons  contained 
in  5  liters  of  the  contaminated  air 
d  =  density  at  60°  F.  of  liquid  hydrocarbons 
dp  =  density  at  60°  F.  of  liquid  hydrocarbons  after  ex¬ 
traction  with  4  volumes  of  99.5  per  cent  sulfuric  acid 
da  =  density  at  60°  F.  of  liquid  aromatics  removed  by 
extraction  with  4  volumes  of  99.5  per  cent  sulfuric 
acid 

xa  =  volumetric  fraction  of  aromatics  in  hydrocarbon 
sample  (determined  by  extraction  with  4  volumes 
of  99.5  per  cent  sulfuric  acid) 
m  =  average  molecular  weight  of  liquid  aromatics 
t  =  temperature  of  contaminated  air  at  time  of  sampling, 
°  F. 

p  =  absolute  pressure  of  contaminated  air  at  time  of 
sampling,  millimeters  of  mercury 


- - — - 5^2  =  da  =  specific  gravity  of  liquid  aromatics 

jC/Q 

cc  X  xada  =  grams  of  aromatic  vapor  in  5  liters  of  air  at  f  °  F. 
and  absolute  pressure,  p  mm.  of  Hg 

cc  X  xada  =  m0]es  0f  aromatic  vapor  in  5  liters  of  air  at  t  °  F. 
m  and  absolute  pressure,  p  mm.  of  Hg 


cc  X  Xada  =  moles  of  aromatic  vapor  in  i  liter  of  air  at  l 
5 m  and  absolute  pressure,  p  mm.  of  Hg 


F. 


CC  X  Xada  ..  460  +  t 


X 


X 


760 


=  moles  of  aromatic  vapor  in  1 


5 m  ' '  460  +  32  p 

liter  of  air  under  standard  conditions  of  temperature  and  pres¬ 
sure 


cc  X  Xgdg  460  +  t_  760  ,  000,000  =  moles  of  aromatic 

5m  X  460  +  32  x  p  ’ 

vapor  in  1 ,000,000  liters  of  air  under  standard  conditions  ot 
temperature  and  pressure 

cc  X  Xqdg  460  +  t  760  ^  qqq  000  x  22.4  =  liters  of  aro- 

5m  X  492  X  p  '  ’ 

matic  vapor  in  1,000,000  liters  (parts  per  million)  of  air  under 
standard  conditions  of  temperature  and  pressure 

Collecting  constants  except  that  for  pressure, 

22  4  X  1,000,000  x  cc  X  xada  (46Q  +  x  760  = 

5  X  492  m  V 

912o  V  CC  X  ~  X  (460  +  t)  X  —  =  P-  P-  m.  of  aromatics 
m  V 

No  attempt  is  made  to  correct  for  the  relative  volatilities  of  the 
components. 
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Summary 

The  analytical  method  devised  for  estimating  the  atmos¬ 
pheric  aromatic  contents  consists  of  cooling  a  blend  of  the 
unknown  air  sample  and  the  vapor  of  a  fixed  volume  of  methyl 
alcohol  on  one  hand,  and  blends  of  air  samples  containing 
known  concentrations  of  the  aromatic  distillates  in  question 
and  the  vapors  of  a  fixed  volume  of  methyl  alcohol  on  the 
other,  to  —56.67°  C.  (  —  70°  F.)  and  obtaining  refractive 
indices  of  the  condensates. 

This  method  is  reasonably  simple  and  gives  an  accuracy 
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within  15  parts  per  million  for  critical  concentrations  of  100 
parts  per  million. 
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Microscope  Hot  Stage  for  Determination  of 

Melting  Points 

Application  to  Carotenoid  Pigments 

F.  P.  ZSCHEILE  AND  J.  \V.  WHITE,  JR.,  Purdue  University,  Lafayette,  Ind. 


THE  usual  method  of  determining  melting  points  by  means 
of  aBerl  block  ora  liquid  bath  surrounding  a  melting  point 
tube  does  not  give  satisfactory  results  when  applied  to  such 
compounds  as  the  carotenoid  pigments.  The  melting  point 
of  these  compounds  observed  in  this  manner  is  really  an  indi¬ 
cation  of  decomposition;  it  is  not  a  sharply  defined  point  and 
considerable  material  is  required.  Values  for  the  melting 
point  of  alpha-carotene  reported  in  the  literature  vary  from 
178.5°  (11)  to  188°  C.  (8),  a  range  of  9.5°  C.  For  beta- 
carotene  the  reported  values  vary  from  177.8°  (11)  to  187.5°  C. 
(10),  a  range  of  9.7°  C.  The  range  of  any  one  determina¬ 
tion  is  usually  1°  C.  or  more.  The  sintering  point  is  usually 
observed  slightly  below  the  melting  range. 

A  number  of  hot  stages  for  melting  point  determination 
have  been  described  (1, 3,  4,  5,  9),  but  the  apparatus  discussed 
here  includes  refinements  which  add  greatly  to  the  precision 
of  measurement.  To  the  authors’  knowledge,  this  technique 
has  not  been  applied  previously  to  carotenoid  pigments,  to 
which  it  is  very  well  adapted.  Its  use  should  add  significance 
to  the  melting  point  as  a  physical  constant  in  carotenoid 
chemistry. 

Description  of  Apparatus 

The  hot  stage  is  constructed  as  shown  in  Figure  1.  The  two 
copper  plates  are  placed  on  the  stage  of  a  polarizing  microscope, 
and  the  sample  is  placed  on  a  circular  cover  glass  in  the  upper 
recess  of  the  lower  plate.  A  spring  clip  holds  the  cover  glass  in 
place,  so  that  the  crystals  are  directly  over  the  0.156-cm.  (0.0625- 
inch)  hole  passing  through  the  axis  of  the  copper  plates.  The 
sample  is  thus  illuminated  from  below  with  polarized  light  and  is 
observed  through  the  analyzing  Nicol  prism  of  the  microscope. 

The  stage  is  heated  electrically  by  means  of  a  coil  of  60  cm. 
(2  feet)  of  No.  24  Nichrome  wire  having  a  resistance  of  3.4  ohms. 
The  core,  machined  from  lava  and  baked  to  hardness,  is  recessed 
in  the  bottom  of  the  lower  block  around  the  central  hole.  An 
annulus  of  lava  is  cemented  under  the  heating  element  to  enclose 
it  within  the  block. 

Control  of  the  heating  rate  is  effected  by  a  Variac  variable 
transformer,  Type  200-C.  Heating  rates  of  from  0.1°  to  6.5°  C. 
per  minute  can  be  maintained  at  any  temperature  from  that  of 
the  room  to  250°  C. 

The  temperature  within  the  apparatus  is  measured  by  a  Leeds 
&  Northrup  portable  precision  potentiometer  and  an  iron-con- 
stantan  thermocouple.  The  hot  junction  of  the  couple,  about 
1  mm.  in  diameter,  is  located  within  1  or  2  mm.  of  the  sample. 
The  leads  are  brought  diagonally  through  the  lower  plate  in  a 
porcelain  tube,  cemented  in  place.  Two  holes  lead  from  the 
outside  to  the  central  chamber  for  the  passage  of  nitrogen  through 
the  apparatus. 

Figure  2  shows  how  the  hot  stage  is  insulated  from  the  micro¬ 
scope  stage  by  a  Pyrex  support  on  an  asbestos  plate.  A  Leitz 


Periplan  20-power  ocular  and  a  Bausch  &  Lomb  4-power  objec¬ 
tive  with  a  38-mm.  working  distance  provide  suitable  magnifica¬ 
tion  and  permit  the  objective  to  be  sufficiently  distant  from  the 
hot  stage  to  avoid  heat  damage.  A  camera  lucida  makes  it 
possible  to  observe  simultaneously  both  the  sample  being  melted 
and  the  galvanometer  pointer.  At  the  left  center  of  the  photo¬ 
graph  is  the  Variac  transformer,  with  voltmeter.  To  the  right 
of  the  microscope  is  the  potentiometer  box;  at  the  extreme  right 
is  a  Dewar  flask  containing  the  cold  junction  of  the  thermo¬ 
couple.  In  front  of  the  Variac  is  a  bubble  counter  to  measure 
the  flow  of  nitrogen.  The  precision  pinchcock  in  the  foreground 
regulates  the  rate  of  gas  flow.  A  micro  combustion  tube  con¬ 
taining  heated  copper  for  removal  of  traces  of  oxygen  from  the 
nitrogen  and  a  drying  tube  containing  Dehydrite  are  not  shown. 

With  this  equipment,  the  thermocouple  voltage  can  be 
estimated  to  1  microvolt,  which  corresponds  to  0.02°  C.  with 
an  iron-constantan  thermocouple. 

Calibration  of  Apparatus 

A  heating  rate  of  0.3°  C.  per  minute  was  selected  because 
it  is  slow  enough  to  permit  the  sample  and  the  thermocouple 
to  attain  the  same  temperature  and  it  is  rapid  enough  to 
avoid  an  unduly  long  time  for  the  determination.  The 
thermocouple  voltage  may  be  kept  balanced  easily  at  this 
heating  rate.  The  voltage  necessary  to  maintain  a  heating 
rate  of  0.3°  C.  per  minute  at  any  desired  temperature  was 
determined  by  measurement  of  the  block  temperature  in¬ 
crease  with  time  for  four  voltages.  Rates  of  heating  were 
plotted  against  temperature  for  each  voltage.  The  tempera¬ 
ture  at  which  a  given  voltage  heated  the  apparatus  at  the 
desired  rate  (0.3°  C.  per  minute)  was  then  plotted  against 
that  voltage.  The  result  was  a  straight  line  from  which  can 
be  read  the  voltage  necessary  to  heat  the  block  at  0.3°  C. 
per  minute  at  any  temperature  from  room  temperature  to 
250°  C. 

When  a  melting  point  is  to  be  determined,  the  sample,  which 
may  be  a  single  crystal  if  necessary,  is  placed  in  position  and  the 
apparatus  is  heated  at  22.5  volts,  corresponding  to  a  current  of 
6  amperes,  the  upper  limit  of  the  heating  element.  Within  1.5° 
to  2.0°  of  the  anticipated  melting  point,  the  voltage  is  set  at  the 
point  necessary  to  maintain  a  heating  rate  of  0.3°  per  minute. 
The  response  to  voltage  change  is  sufficiently  rapid  to  allow 
maintaining  solid  and  liquid  phases  as  desired.  Thus,  if  the 
sample  does  not  decompose,  several  melting  points  may  be  deter¬ 
mined  with  the  same  sample.  Nitrogen  should  flow  through  the 
apparatus  during  the  entire  heating  procedure.  About  1.5 
minutes  before  the  expected  melting  point  is  reached,  the  flow 
of  nitrogen  is  stopped  to  ensure  temperature  equilibrium.  When 
anisotropic  crystals  are  observed  between  crossed  Nicol  prisms, 
the  melting  point  is  observed  as  a  sudden  disappearance  of 
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double  refraction.  The  time  necessary  for  the  complete  deter¬ 
mination  is  about  30  minutes. 

To  test  the  reliability  of  the  apparatus,  melting  points  of 
purified  samples  of  well-known  compounds  were  determined 
covering  the  temperature  range  of  40°  to  175°  C.  Results 
are  reported  in  Table  I. 

These  determinations  have  a  maximum  difference  of  0 . 1 3  °  C . 
between  successive  crystallizations  of  the  same  material. 
The  precision  of  successive  determinations  on  fresh  samples  of 
these  materials  is  ±0.04°  C.  or  less.  It  is  concluded  that  the 
melting  points  of  these  compounds,  determined  by  this 
method,  are  not  significantly  different  from  those  reported 
in  the  literature. 

Two  determinations  on  fresh  samples  of  potassium  thio¬ 
cyanate,  heated  at  different  rates,  0.25°  and  0.73°  C.  per 
minute  in  air,  gave  175.31°  and  175.29°  C.  Four  months 


Table  I.  Comparison  of  Melting  Points 


Reported 

Observed3 

Melting 

Melting 

Substance 

Point 

Grade  and  Treatment 

Point 

°  C. 

0  C. 

p-Tolyl  amine 

42-43  (6) 

Eastman,  after  treatment 

42.95 

43.7  (7) 

with  bone  black  and 
recrystallization  from 
ethanol 

42.87 

After  second  recrystalliza¬ 

42.89 

tion  from  ethanol 

42.82 

p-Nitroaniline 

147.5  (6) 

Eastman  White  Label 

147.20 

147.3  (2) 

After  recrystallization  from 

147.22 

148.0  (7) 

ethanol 

Potassium 

173.2  ( 6 ,  7) 

Mallinckrodt’s  c.  p.  re- 

175.38 

thiocyanate 

crystallized  from  ethanol 
After  second  recrystalliza¬ 

175.31 

tion  from  ethanol 

175.29 

°  Each  observed  melting  point  is  for  a  fresh  sample  in  air. 

All  samples 

were  dried  in  a 

vacuum  of  15 

microns  of  mercury  (measured  by  a  Piram 

gage)  for  4  hours  at  room  temperature. 
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A  sample  of  beta-carotene  was  recrystallized 
four  times  from  carbon  disulfide-ethanol  and 
dried  20  hours  at  84°  C.  in  vacuum.  Three  melt¬ 
ing  point  determinations,  made  under  nitrogen, 
were  as  follows :  179.78°,  179.81°,  and  179.81°  C. 
In  air,  this  sample  melted  at  178.51°  C.,  1.3°  C. 
lower  than  under  nitrogen.  When  oxygen  was 
passed  through  the  apparatus  during  a  melting 
point  determination,  this  sample  melted  at 
168.63°  C.,  11.2°  C.  lower  than  under  nitrogen. 

A  sample  of  alpha-carotene,  four  times  re¬ 
crystallized  from  carbon  disulfide-ethanol  and 
dried  at  room  temperature  in  a  vacuum  of  10 
microns  of  mercury  (measured  by  a  Pirani  gage), 
melted  at  184.45°  C.  under  nitrogen.  After  3 
weeks’  storage  at  0°  C.  in  vacuum,  it  melted  at 
184.37°  C.  under  the  same  conditions.  In  air, 
this  sample  melted  at  180.73°  C.,  or  3.7°  lower 
than  u  nder  nitrogen.  Under  oxygen,  it  melted  at 
172.78°  C.,  or  11.6°  C.  lower  than  under  nitrogen. 

The  authors  have  never  observed  a  re¬ 


Figure  2.  Melting  Point  Apparatus 


later,  when  the  same  material  was  tested  again,  concordant 
results  could  not  be  obtained.  Then  dry  nitrogen  was 
passed  through  the  apparatus;  at  the  heating  rate  of  0.33° 
per  minute  three  determinations  on  the  same  sample  agreed 
exactly  with  the  first  determination  noted  above,  175.31°  C. 
The  results  are  shown  graphically  in  Figure  3.  This  experi¬ 
ment  shows  the  advisability  of  making  all  determinations  in 
an  atmosphere  of  dry  nitrogen. 


Application  to  Carotenes 


Before  the  construction  of  this  apparatus,  it  was  observed 
that  a  sample  of  beta-carotene,  when  heated  in  a  Berl  block 
in  an  evacuated  melting  point  tube,  sintered  1.6°  C.  higher 
and  melted  over  a  range  1.2°  C.  higher  than  'when  heated  in 
the  same  way  in  an  ordinary  melting  point  tube  exposed  to 
the  air.  A  similar  observation  has  been  noted  by  Strain 
{12).  This  indicated  the  necessity  of  determining  melting 
points  of  carotenoids  in  the  absence  of  oxygen.  Results  with 
the  hot  stage  are  described  below. 
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Figure  3.  Melting  Point  of  Potassium  Thiocyanate 


crystallization  of  either  alpha-  or  beta- 
carotene  from  the  melt  after  fusion,  following 
a  reduction  in  temperature.  Visual  observations  on  the 
color  of  the  fusion  product  indicate  that  oxidation  occurs 
in  the  presence  of  oxygen.  Under  nitrogen,  no  visible 
bleaching  occurs  for  many  hours  after  melting;  in  oxygen  the 
melt  is  bleached  colorless  within  a  few  minutes  after  fusion; 
and  in  air  an  intermediate  amount  of  bleaching  occurs. 
However,  chemical  change  occurs,  even  when  fused  under  pure 
nitrogen,  as  shown  by  the  fact  that  the  absorption  maxima  of 
beta-carotene  in  the  visible  region  were  shifted  100  A.  to¬ 
ward  shorter  wave  lengths.  Nevertheless,  the  melting  point 
of  separate  samples  of  beta-carotene  as  observed  under  nitro¬ 
gen  by  this  method,  even  though  accompanied  by  chemical 
change,  may  be  determined  within  the  precision  of  the  in¬ 
strument,  ±0.02°  C. 


Summary 

A  microscope  hot  stage  is  described,  with  which  it  is  pos¬ 
sible  to  determine  the  melting  point  of  a  single  crystal  as  a 
sharply  defined  physical  constant  of  high  precision.  The 
crystal  is  surrounded  by  an  inert  atmosphere  and  the  heating 
rate  is  carefully  controlled.  The  melting  point  may  be  ob¬ 
served  as  a  sharp  change  in  transmission  of  polarized  light. 
The  temperature  range  available  is  from  room  temperature 
to  250°  C.  The  precision  of  the  measurement  is  ±0.02°  C. 
Melting  points  of  known  standards  were  determined  with  a 
precision  of  ±0.04°  C.  This  or  higher  precision  has  been 
attained  with  alpha-  and  beta-carotenes. 

Literature  Cited 

(1)  Amdur,  I.,  and  Hjort,  E.  V.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  2, 

259  (1930). 

(2)  “Chemical  Engineers’  Handbook”,  New  York,  McGraw-Hill 

Book  Co.,  1934. 

(3)  Clevenger,  J.  F.,  Ind.  Eng.  Chem.,  16,  854  (1924). 

(4)  Dunbar,  R.  E„  Ibid.,  Anal.  Ed.,  11,  516  (1939). 

(5)  Fuchs,  L.,  Mikrochim.  Acta,  2,  317  (1937). 

(6)  Hodgman,  C.  D.,  “Handbook  of  Chemistry  and  Physics”, 

22nd  ed.,  Cleveland,  Ohio,  Chemical  Rubber  Publishing  Co., 
1937. 

(7)  International  Critical  Tables,  Vol.  I,  New  York,  McGraw-Hill 

Book  Co.,  1926. 

(8)  Karrer,  P.,  and  Walker,  O.,  Helv.  Chim.  Acta,  16,  641  (1933). 

(9)  Kofler,  L.,  and  Hilbck,  H.,  Mikrochemie,  9,  38  (1931);  15,  242 

(1934). 

(10)  Miller,  E.  S.,  Botan.  Gaz.,  96,  447  (1935). 

(11)  Shrewsbury,  C.  L.,  Kraybill,  H.  R.,  and  Withrow,  R.  B.,  Ind. 

Eng.  Chem.,  Anal.  Ed.,  10,  253  (1938). 

(12)  Strain,  H.  H.,  “Leaf  Xanthophylls”,  p.  45,  Washington,  D.  C., 

Carnegie  Institution  of  Washington,  1938. 

Presented  before  the  Division  of  Biological  Chemistry  at  the  98th  Meeting 
of  the  American  Chemical  Society,  Boston,  Mass.  Based  on  a  section  of  a 
thesis  submitted  to  the  faculty  of  Purdue  University  by  J.  W.  White,  Jr., 
in  partial  fulfillment  of  the  requirements  for  the  degree  of  master  of  science, 
August,  1939. 


Determination  of  Indium  by  Micromethods 

GEORGE  L.  ROYER1,  Cornell  University,  Ithaca,  N.  Y. 


INDIUM  occurs  in  nature  in  low  percentages,  usually  less 
than  0.2  per  cent  of  the  major  constituents  with  which  it  is 
associated.  When  macromethods  are  used  for  its  determina¬ 
tion,  a  very  large  sample  must  be  taken  and  the  necessary 
quantitative  separations  are  difficult  to  handle.  However, 
using  an  original  sample  no  greater  than  that  taken  for  the 
usual  macroanalysis,  the  separations  and  concentrations  may 
combine  both  macro-  and  microtechniques,  while  the  final 
determination  is  on  a  micro  scale. 

Qualitatively,  indium  has  been  detected  by  chemical  micro¬ 
scopic  methods  (4),  by  qualitative  analytical  tests  (12),  by 
the  polarographic  method  (9),  and  by  the  spectrographic 
method  (3, 13)  which  was  also  used  in  the  discovery  of  indium. 
The  spectrographic  method  was  used  by  the  author  for  de¬ 
tecting  indium  in  residues  and  concentrates  during  the  de¬ 
velopment  of  analytical  procedures. 

Indium  has  been  determined  quantitatively  by  gravimetric, 
volumetric,  spectroscopic,  and  polarographic  methods.  It 
may  be  determined  gravimetrically  by  weighing  the  oxide, 
ln203,  which  is  formed  on  heating  the  hydrated  oxide  (11, 
19,  20).  This  oxide  may  be  precipitated  by  ammonium 
hydroxide,  by  sodium  hydroxide  (if  the  solution  is  boiled  to 
coagulate  the  colloidal  suspension  which  tends  to  form,  6, 
21),  by  organic  bases  (15),  and  by  a  hydrolysis  method  (11, 
IS,  20).  Indium  may  also  be  determined  as  the  sulfide  if  the 
precipitate  is  dried  in  a  stream  of  hydrogen  sulfide  (11). 
The  use  of  8-hydroxyquinoline  has  been  proposed  by  Geilmann 
and  Wrigge  (8)  for  a  semimicroprocedure.  Volumetric  meth¬ 
ods  reported  for  indium  chloride  use  potentiometric  titration 
with  potassium  ferrocyanide  (2),  and  for  indium  acetate  use 
potassium  ferrocyanide  with  diphenyl  benzidine  as  an  in¬ 
ternal  indicator  (10).  The  spectrographic  and  polarographic 
methods  could  be  classified  as  micromethods.  However,  both 
offer  difficulties  from  a  quantitative  viewpoint,  and  the  pur¬ 
pose  of  this  investigation  was  to  develop  more  satisfactory 
procedures. 

Proposed  Electrolytic  Method 

Before  the  development  of  the  microprocedure,  many 
electrolytic  macrodeterminations  were  made.  Electrolytes 
such  as  formic  acid,  ammonium  formate,  hydroxylamine  sul¬ 
fate,  sulfuric  acid,  hydrazine  sulfate,  sodium  acetate,  tartaric 
acid,  ammonium  acetate,  citric  acid,  boric  acid,  sodium  acid 
sulfite,  oxalic  acid,  ammonium  hydroxide,  sodium  chloride, 
and  sodium  fluoride  were  tried  in  various  combinations  and 
proportions,  and  it  was  found  that  oxalic  acid  made  ammo- 
niacal  to  methyl  orange  gave  the  best  results.  A  study  of  the 
deposition  of  indium  from  this  electrolyte  by  the  methods  of 
Sand  (17)  and  Fischer  and  Schleicher  (7)  showed  that  a  total 
cell  voltage  of  2.1  volts  was  necessary  to  start  indium  deposi¬ 
tion;  to  obtain  complete  deposition,  a  potential  of  3  volts  was 
required.  The  microdeposition  method  was  developed  from 
the  results  obtained  on  the  macroexperiments. 

Apparatus  and  Reagents 

The  electrodeposition  cells  of  Pregl  (14)  and  Clarke  and  Her- 
mance  (5)  were  used  for  the  microelectrodeposition.  Pregl’s  cell 
has  several  disadvantages  (5)  and  except  for  a  few  preliminary 
experiments,  the  cells  of  Clarke  and  Hermance  were  used. 

The  reagents  used  in  all  the  investigations  were  of  regular  ana¬ 
lytical  quality  except  for  the  oxalic  acid,  which  was  Kahlbaum 
“for  analysis”  brand. 

Indium  metal,  purchased  as  spectroscopically  pure,  was  found 
by  further  spectroscopic  examination  to  contain  traces  of  cad¬ 

1  Present  address,  Calco  Chemical  Division,  American  Cyanamid  Com¬ 
pany,  Bound  Brook,  N.  J. 


mium  and  iron.  To  remove  these,  it  was  purified  by  two  repre- 
cipitations  with  ammonium  hydroxide,  removal  of  iron  by  cup- 
ferron,  reprecipitation  by  ammonium  hydroxide,  electrodeposi¬ 
tion  from  oxalic  acid  solution,  resolution  in  sulfuric  acid,  and  final 
reprecipitation  with  ammonium  hydroxide.  This  hydrated  in¬ 
dium  oxide  was  then  dissolved  in  a  calculated  amount  of  N  sul¬ 
furic  acid  and  made  up  to  1  liter.  This  solution  was  standardized 
by  the  accepted  macrogravimetric  indium  oxide  method.  The 
average  of  three  determinations  showed  that  it  contained  0.3992  =*= 
0.0004  mg.  of  indium  per  ml. 

Microdeposition  Procedure 

The  solution  containing  about  2  mg.  of  indium  was  put  in  the 
small  Clarke  and  Hermance  cell,  1  gram  of  solid  oxalic  acid  and 
several  drops  of  methyl  orange  indicator  were  added,  and  the 
solution  was  made  alkaline  by  the  use  of  concentrated  ammonia. 
The  volume  was  made  up  to  the  capacity  of  the  cell,  about  5  ml., 
with  water.  The  platinum  anode  and  properly  weighed  platinum 
cathode  were  placed  in  the  cell,  and  the  small  air  stirring  tube 
was  put  into  position.  The  air  for  the  stirring  was  passed  through 
a  wash  bottle  containing  concentrated  ammonium  hydroxide,  so 
that  it  would  be  saturated  and  not  reduce  the  ammonia  concen¬ 
tration  in  the  cell.  The  electrolysis  was  run  for  about  30  minutes 
at  3  volts  and  at  a  temperature  of  70°  to  80°  C.  The  electrode 
was  washed  with  water  and  alcohol  while  the  current  was  still  on 
and  then  the  alcohol  was  allowed  to  run  out  of  the  cell,  the  current 
was  turned  off,  and  the  electrodes  were  removed.  The  cathode 
was  quickly  air-dried  and  weighed.  The  increase  in  weight  equals 
the  indium  deposited  as  metallic  indium. 

Discussion 

It  was  found  necessary  to  adjust  the  concentration  of  the 
ammonium  hydroxide  by  the  use  of  the  methyl  orange  indica¬ 
tor.  An  average  of  six  determinations  made  without  any 
control  on  the  quantity  of  ammonium  hydroxide  gave  a  varia¬ 
tion  of  17  parts  per  thousand,  while  four  depositions  made 
with  ammonium  hydroxide  controlled  by  methyl  orange  gave 
an  average  deviation  of  only  6  parts  per  thousand. 

In  the  early  experimental  work,  high  results  were  frequently 
obtained.  A  high  concentration  of  ammonia  causes  the 
transfer  of  platinum  from  the  anode  to  the  cathode  and  thus 
gives  high  results,  but  even  after  this  had  been  corrected, 
high  results  continued  to  be  obtained.  Blank  determinations 
run  with  ammoniacal  oxalic  acid  showed  the  high  results  to 
be  caused  by  impurities  in  the  Kahlbaum  (c.  p.)  oxalic  acid. 
A  change  to  Kahlbaum  “for  analysis”  brand  solved  this  diffi¬ 
culty,  the  blank  being  lowered  from  0.038  to  0.003  mg. 
Spectrographic  examination  of  the  two  brands  showed  many 
lines  from  impurities  in  the  c.  p.  brand,  but  practically  none 
in  the  “for  analysis”  brand.  A  blank  determination  should 
be  made  on  the  reagents  in  the  cell  under  the  actual  working 
conditions  in  order  to  determine  whether  they  are  pure 
enough  for  the  analysis. 

To  test  the  possibility  of  removing  small  quantities  of 
indium  from  large  amounts  of  solution  by  the  use  of  a  Clarke 
and  Hermance  cell  for  large  volumes,  depositions  were  made 
using  about  8  mg.  of  indium,  10  grams  of  oxalic  acid,  and 
ammonium  hydroxide  to  make  the  solution  alkaline.  In 
practically  all  cases  the  amount  deposited  was  greater  than 
the  amount  of  indium  added.  It  was,  therefore,  concluded 
that  this  cell  might  be  used  to  concentrate  the  indium  from 
dilute  solutions  but  that  it  would  not  be  practical  to  weigh 
this  deposit  directly  for  the  true  indium  content.  It  is, 
however,  possible  to  dissolve  the  indium  deposited  from  this 
cell  and  then  redeposit  it  from  the  small  cell. 

Results 

Using  the  proposed  method,  sixteen  determinations  gave 
a  mean  value  of  2.007  mg.  with  a  deviation  of  =*=  10  parts  per 
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thousand.  The  expected  value  was  1.996  mg.  Since  the 
indium  had  been  added  from  a  5-ml.  pipet,  an  error  in  measure¬ 
ment  of  1  drop  would  be  equivalent  to  0.02  mg.  of  indium, 
which  would  be  about  equal  to  the  deviation  obtained  above. 
When  a  weight  buret  was  used,  the  average  of  three  deter¬ 
minations  gave  a  mean  value  of  0.3984  mg.  of  indium  per 
ml.  with  a  deviation  of  2  parts  per  thousand;  the  expected 
value  was  0.3992  mg.  per  ml. 

Alternate  Microprecipitation  Method 

It  was  independently  found  that  8-hydroxyquinoline, 
afterwards  proposed  by  Geilmann  and  Wrigge  (8)  for  a  semi¬ 
micromethod,  could  be  used  to  precipitate  indium  (16). 
Using  this  reagent,  the  microchemical  method  of  Benedetti- 
Pichler  ( 1 )  for  the  determination  of  aluminum  was  modified 
as  a  quantitative  micromethod. 

The  micro  filter  flask,  as  described  by  Sc.hwartz-Bergkampf 

(18),  was  used  throughout  the  determination.  The  flask  was 
washed  with  hydrochloric  acid  and  water  and  dried  at  140°  C.  in  a 
micro  drying  oven  with  suction  for  5  minutes.  On  removal,  it 
was  wiped  with  a  damp  cloth  and  a  chamois,  and  allowed  to 
stand  in  the  balance  room  for  20  minutes.  The  weight  was 
taken  and  the  process  repeated  until  constant  weight  was  ob¬ 
tained.  The  solution  containing  the  indium  was  transferred  to 
the  flask,  a  drop  of  concentrated  hydrochloric  acid  was  added, 
0.5  ml.  of  8-hydroxyquinoline  solution  (prepared  by  dissolving  5 
grams  of  reagent  in  12  grams  of  acetic  acid  and  83  grams  of  water) 
was  added,  and  the  flask  was  placed  on  a  steam  bath.  When 
warm,  2  A  ammonium  acetate  was  added,  drop  by  drop,  until  the 
solution  remained  turbid.  In  about  1  minute  the  precipitate  be¬ 
came  crystalline  and  then  0.5  ml.  more  of  the  ammonium  acetate 
solution  was  added.  The  flask  was  left  on  the  steam  bath  10 
minutes  longer,  after  which  the  precipitate  was  filtered  off 
through  the  porous  plate  on  the  side  of  the  flask.  It  was  washed 
five  times  with  hot  water  and  the  same  procedure  of  drying  and 
weighing  was  carried  out.  The  formula  for  the  precipitate  is 
In(C9H6ON)3  and  the  factor  for  metallic  indium  is  0.2099. 

Five  analyses  were  made  on  samples  containing  approxi¬ 
mately  1  mg.  of  indium.  The  average  value  obtained  was 
0.391  mg.  of  indium  per  ml.  and  the  average  deviation  for  a 
single  determination  was  found  to  be  ±  12  parts  per  thousand. 
The  expected  value  was  0.399  mg.  of  indium  per  ml.  These 
solutions  were  measured  out  in  a  microburet;  the  possible 
error  in  measurement  would  be  approximately  0.02  ml.  or 
0.008  mg.  of  indium.  The  experimental  results  obtained 
were  within  the  experimental  error. 

Application  to  a  Synthetic  Mixture 

A  synthetic  mixture  representing  an  artificial  sphalerite 
(see  Dana’s  “Minerology”)  was  prepared,  having  the  following 
percentage  approximate  composition: 


ZnS 

90 

CdS 

2 

FeS 

6 

MnS 

1 . 5 

T1 

0.25 

In 

0.200 

99.95 

Five  milliliters  of  indium  solution  (1.996  mg.  of  indium)  were 
added  to  1  gram  of  a  dry  mixture  of  the  other  components. 

The  mixture  was  dissolved  in  concentrated  hydrochloric  acid 
and  nearly  neutralized  with  ammonium  carbonate.  One  gram  of 
ammonium  chloride  was  added,  and  the  volume  made  up  to  about 
50  ml.  Sulfur  dioxide  was  passed  into  the  solution  to  reduce  the 
iron  to  the  ferrous  state.  The  solution  was  made  slightly  acid  by 
adjustment  with  6  A  ammonium  carbonate  and  hydrochloric 
acid.  Then  a  solution  containing  freshly  precipitated  barium 
carbonate  was  added  until  an  excess  remained.  This  was  al¬ 
lowed  to  stand,  with  occasional  shaking,  for  several  hours  and  fil¬ 
tered.  This  procedure  separates  the  indium  and  aluminum  from 
most  of  the  zinc,  manganese,  and  ferrous  iron. 

The  precipitate  was  dissolved  in  6  A  hydrochloric  acid,  and 
bromine  was  added  to  oxidize  any  sulfite  to  sulfate.  Then  sul¬ 
furic  acid  was  added  until  all  the  barium  had  been  precipitated  as 
barium  sulfate.  This  precipitate  was  digested,  filtered,  and 
washed  with  hot  water.  One  gram  of  ammonium  chloride  was 
added  to  the  filtrate  and  the  volume  was  made  up  to  50  ml.  with 


water.  Ammonium  hydroxide  was  added  in  excess  and  the  solu¬ 
tion  was  boiled  for  a  short  time.  The  precipitated  hydroxides 
were  removed  and  dissolved  in  6  A  sulfuric  acid.  (If  a  large 
amount  of  aluminum  was  present,  it  was  removed  at  this  point  by 
separating  the  indium  by  electrodeposition  in  the  larger  Clarke 
and  Hermance  cell.  The  deposited  metal  was  dissolved  from  the 
cathode  with  nitric  acid  and  the  solution  concentrated  to  fumes 
after  the  addition  of  a  little  sulfuric  acid.)  The  sulfuric  acid  solu¬ 
tion  was  made  up  to  a  volume  of  50  ml.,  so  that  it  contained 
about  10  per  cent  of  sulfuric  acid.  To  remove  any  remaining 
iron,  25  ml.  of  0.5  per  cent  cupferron  reagent  were  added.  After 
standing  about  an  hour,  the  precipitate  was  filtered  off  and 
washed.  The  filtrate  was  concentrated  by  evaporation  and  in¬ 
dium  was  determined  by  electrodeposition  in  the  small  cell.  In 
the  development  of  this  method,  all  discarded  precipitates  and 
filtrates  were  tested  spectroscopically  to  show  the  absence  of 
indium. 

The  results  of  two  analyses  made  by  this  procedure  were : 

Mg. 

Found  2.064 

2.055 

Av.  2.06  or  0.21%  * 

Expected  1.996  or  0.20% 

Analysis  of  a  Natural  Sphalerite 

The  same  method  was  applied  to  a  natural  sphalerite  from 
the  Moyer  mine  at  Leadville,  Colo.  Because  of  the  small 
amount  of  the  mineral  available  and  the  low  percentage  of 
indium,  only  a  micromethod  was  practical.  A  qualitative 
spectrographic  analysis  showed  indium,  a  trace  of  tin,  and  the 
other  usual  constituents  of  a  sphalerite.  The  0.28  per  cent  of 
indium  found  in  this  sample  was  in  agreement  with  quantita¬ 
tive  spectrographic  estimations  which  have  been  made  on 
other  sphalerite  samples. 
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New  Chemistry-Pharmacy  Building  at 
Montana  State  University 

JOSEPH  W.  HOWARD,  Montana  State  University,  Missoula,  Mont. 


THE  new  $300,000  Chemistry-Pharmacy  Building  at 
Montana  State  University  was  completed  during  the 
autumn  quarter  of  1939.  The  building  was  financed 
with  federal  aid  as  a  PWA  project.  The  architects  were 
Hugenin  and  DeKay  of  Helena,  Mont.  It  is  constructed  of 
reinforced  concrete  with  a  brick  surface  and  is  earthquake- 
proof. 

The  full  basement  contains  a  large  general  storeroom 
which  supplies  all  the  science  departments  of  the  uni¬ 
versity.  In  addition,  there  are  separate  storerooms  for  the 
Department  of  Chemistry  and  School  of  Pharmacy,  rest 
rooms,  and  a  switchboard  and  storage  battery  room.  Ex¬ 
tending  from  the  basement,  with  its  ceiling  outside  of  the 
building,  is  a  special  room  for  chemicals  which  are  considered 
fire  hazards. 

The  first  floor  contains  a  large  lecture  and  preparation 
room,  four  classrooms  of  varying  capacities,  a  combined 
chemistry-pharmacy  library,  a  model  drugstore,  the  office  of 


the  dean  of  the  School  of  Pharmacy,  and  a  research  labora¬ 
tory,  as  well  as  a  freight  receiving  room  and  office  for  the 
storeroom  keeper. 

The  second  floor  is  occupied  by  the  School  of  Pharmacy 
with  two  offices,  a  storeroom,  a  balance  room,  and  separate 
laboratories  for  galenical  pharmacy,  dispensing,  drug  analysis, 
advanced  analysis,  and  research  and  pharmacognosy,  and  a 
special  dispensatory  for  the  University  Health  Service. 

The  third  floor  contains  the  laboratories  for  physical  chem¬ 
istry,  quantitative  analysis,  organic  chemistry,  physiological 
chemistry,  a  storeroom,  three  offices,  two  research  labora¬ 
tories,  a  combustion-Kjeldahl  room,  dark  room,  constant- 
temperature  room,  balance  room,  and  two  rest  rooms.  The 
desks  in  the  organic  and  physiological  laboratories  are 
equipped  with  cold  water,  steam,  compressed  air,  gas,  and 
electricity,  while  those  in  quantitative  analysis  have  hot 
water  in  place  of  steam.  All  these  laboratories  have  adequate 
hoods  and  steam  baths. 


Chemistry-Pharmacy  Building 
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The  fourth  floor  is  given  over  to  one  large  laboratory  for 
general  chemistry  and  qualitative  analysis,  with  its  storeroom, 
professors’  office,  and  office  for  student  assistants.  The 
laboratory  itself  is  sky-lighted  and  the  attic  space  thus  left 
back  of  its  walls  is  used  for  the  fume  ducts  and  suction  fans 
which  operate  the  hoods  throughout  the  building.  The  desks 
are  equipped  with  gas,  hot  and  cold  water,  and  individual 


hoods.  At  each  end  of  the  laboratory  there  is  a  bank  of 
fourteen  individual  hoods  for  use  with  hydrogen  sulfide.  Each 
bank  of  hoods  is  supplied  from  a  tank  of  hydrogen  sulfide  and 
has  its  separate  suction  fan. 

Other  features  of  the  building  are  adequate  outlets  for  direct 
and  alternating  current,  a  freight  elevator  which  connects 
all  the  storerooms,  and  air-conditioning  throughout. 


Upper  Left.  Pharmacognosy  Laboratory.  Left  Center.  Dispensing  Laboratory.  Lower  Left.  Organic  Chemistry 
Laboratory.  Upper  Right.  General  Chemistry  Laboratory.  Right  Center.  Drug  Analysis  Laboratory.  Lower 

Right.  Chemistry  Lecture  Room 
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Testing  Mold-Resistant  Properties  of  Oil  Paints 

A  Laboratory  Method 

ALEX  M.  PARTANSKY  AND  ROBERT  R.  MCPHERSON 
Biochemical  Research  Laboratory,  Dow  Chemical  Company,  Midland,  Mich. 


ONE  of  the  first  to  draw  the  attention  of  the  American 
public  to  the  prevalence  of  mold  growth  on  oil  paints 
was  Gardner  (2),  who  as  early  as  1913  pointed  out  that  ‘  in 
damp  localities,  especially  along  the  sea  cost,  mildewing  of 
painted  exterior  surfaces  is  common”.  Since  that  time  and 
especially  during  recent  years  the  importance  of  controlling 
mold  growth  on  painted  surfaces  has  attracted  the  attention 
of  technical  men. 


Figure  1.  Mold  Growth  on  Wall  near  Refrigeration 

Pipes 


The  paint  mildewing  problem  is  particularly  serious  in 
industrial  plants  where,  owing  to  the  nature  of  the  processes 
involved,  high  humidity  and  fairly  warm  temperatures  are 
maintained.  Here  the  mold  growth  not  only  gives  an  un¬ 
sightly  appearance  to  the  rooms  and  injures  the  paint,  but 
presents  a  serious  danger  in  contaminating  the  product. 
Figures  1  and  2  are  unretouched  photographs  taken  in  two 
such  plants  in  the  middle  west  area.  In  both  cases  the  walls 
were  repainted  3  to  4  months  previous  to  photographing. 

It  is  generally  agreed  that  under  favorable  conditions,  a 
luxuriant  mold  growth  readily  develops  on  slow-drying  long- 
oil  (low  in  pigment)  paints  made  up  with  impure  oils  con¬ 
taining  mucilaginous  and  nitrogenous  matter,  which  on  dry¬ 
ing  give  a  soft  and  hygroscopic  film  {3,  8, 9,12).  On  the  other 
hand,  mildew  troubles  have  been  considerably  lessened 
though  not  entirely  eliminated  ( 6 ,  7,  8, 10, 12)  in  paints  of  high 


pigment  content  (particularly  zinc  oxide),  made  up  with 
high-grade  rapid-drying  spar  varnish,  which  dry  to  a  hard 
smooth  film. 

After  2  years  of  extensive  experimental  work  on  mold- 
growth  prevention,  during  which  upward  of  200  commercial 
paints  of  various  types  were  tested,  the  writers  have  yet  to 
see  a  paint  that  would  not  mold  under  the  conditions  of  the 
procedure  described  below,  unless  a  good  preservative  had 
been  added. 

In  the  study  of  paint  preservatives  and  the  mold-resistant 
properties  of  paints  in  general  the  method  most  widely 
used  in  this  country  is  that  of  field  exposure  in  the  southeast 
coastal  states,  usually  Florida. 

The  chief  disadvantage  of  the  field  test  for  the  preliminary 
evaluation  and  comparison  of  paint  preservatives,  besides  its 
slowness,  is  the  lack  of  uniformity  in  the  natural  weather 
conditions,  not  only  throughout  the  year  (tests  can  be  started, 
therefore,  only  once  a  year  during  the  rainy  season)  but  be¬ 
tween  the  same  seasons  of  different  years.  It  is  also  difficult 
to  compare  data  obtained  in  different  localities,  for  there  is 
no  such  thing  as  “standard  weather”  {IS). 

To  minimize  weather  variability  and  to  remove  the  pos¬ 
sibility  of  misleading  results,  field  tests  to  be  conclusive  re¬ 
quire  repetition  for  several  seasons. 


Figure  2.  Extensive  Mold  Growth  on  Wall 

Near  concrete  ceiling,  through  which  there  is  a  slow  seepage  of  moisture 
from  floor  above 
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A  good  laboratory  method  carried  out  under  standardized 
conditions  has  a  great  advantage  over  the  field  exposure 
method  for  all  preliminary  or  routine  testing.  It  is  not  only 
independent  of  the  season  and  can  be  started  whenever 
desired,  but  since  all  conditions  can  be  reproduced  exactly 
for  every  test,  results  obtained  at  different  times  are  com¬ 
parable  to  each  other. 

Besides  the  advantage  of  standardization  of  the  procedure, 
a  laboratory  method  for  testing  mold-resistant  properties  of 
paints  can  be  made  to  include  and  to  intensify  the  principal 
factors  favoring  molding  of  paints  under  the  conditions  of 
actual  service — namely,  heavy  seeding  with  selected  molds 
found  to  grow  well  on  paints,  high  humidity,  warmth,  and 
darkness.  As  a  result,  the  time  required  for  testing  is  short¬ 
ened  from  several  months  to  a  few  weeks. 

A  search  of  the  literature  revealed  only  two  laboratory 
methods,  both  of  which  were  described  in  the  early  work  of 
Gardner  (5). 

In  the  first  method  drops  of  treated  paint  were  placed  on  top 
■of  Czapek’s  agar  seeded  with  mold  in  Petri  dishes  and  the  in¬ 
hibition  zone  was  observed  around  the  paint  spots  after  10  days 
of  incubation.  The  inhibition  zone  test,  however,  does  not  tell 
whether  the  mold  would  or  would  not  grow  on  a  particular  paint 
but  only  indicates  the  presence  or  absence  of  water-soluble  fungi¬ 
cide  capable  of  inhibiting  mold  growth  on  agar. 

The  second  method  consisted  of  hanging  paint  panels  seeded 
with  a  water  suspension  of  molds  in  a  chamber  maintained  at 
30°  C.  and  85  per  cent  relative  humidity;  however  (5),  these 
panels  developed  no  mold  growth  in  4  months. 

In  trying  to  devise  a  rapid  laboratory  method  for  testing 
mold-resistant  properties  of  paint  the  authors  endeavored  to 
elaborate  on  the  technique  of  seeding  with  spores,  a  method 
tried  by  Gardner  on  paints,  and  also  commonly  employed  in 
testing  other  materials,  such  as  canvas  (11).  However,  con¬ 
sistent  results  could  not  be  obtained  and  the  method  was 
finally  abandoned  in  favor  of  the  present  “grafting”  proce¬ 
dure.  Some  of  the  experience  gained,  however,  is  very  instruc¬ 
tive. 


Figure  3.  Test  Panel 

Showing  mold  growth  primarily  following  lines  of 
scratching.  Paint  on  right  contains  preservative. 


For  instance,  (1)  scratching  or  otherwise  breaking  the  sur¬ 
face  of  the  dry  paint  film  helps  to  start  the  mold  growth  along 
the  scratch  (Figure  3) ;  (2)  mold  growth  started  locally,  as  on 
a  drop  of  agar  placed  on  the  paint  surface,  does  not  spread  far 
from  the  point  of  infection;  (3)  addition  of  “nutrients”,  such 
as  malt  extract,  to  the  paint  itself  prior  to  painting  is  of  little 
assistance  in  subsequent  molding,  while  soaking  the  paint 
panels  in  malt  extract  solution  helps  to  start  the  mold  growth, 


but  also  frequently  results  in  bacterial  contamination  which 
actually  interferes  with  the  mold  growth;  (4)  excessive  mois¬ 
tening  of  the  paint  surface  is  detrimental  to  mold  growth. 

In  the  authors’  new  laboratory  method  for  testing  mold  re¬ 
sistance  of  oil  paints  the  seeding  is  done  by  placing  the  painted 
surface  in  contact  with  an  actively  growing  mold  mycelium. 
When  this  “grafting”  procedure  is  carried  out  with  due  care 
and  exactly  as  outlined  below,  the  seeding  is  successful  in  at 
least  99  per  cent  of  the  cases. 

The  mold  now  used  in  paint  testing  work  by  the  present 
method,  No.  29,  is  a  rapid-growing  Aspergillus  forming 
dark  brown  spores.  It  was  originally  isolated  2  years  ago 
from  a  molded  paint  and  selected  for  the  paint-testing  work 
from  a  group  of  35  molds  because  of  its  exceptionally  abun¬ 
dant  and  vigorous  growth  on  oil  paints  and  its  high  resistance 
to  toxicants.  This  choice  is  also  supported  by  the  fact  that 
most  of  the  molds  reported  as  growing  on  oil  paints  in  nature 
belong  primarily  to  either  Aspergillus  or  Penicillium  genera 

(l,  4). 

Standard  Procedure 

Panels  (Figure  4).  Wooden  disks  7.5  cm.  (3  inches)  in 
diameter  and  0.625  cm.  (0.25  inch)  thick,  cut  from  clear  western 
white  pine  sapwood  with  grain  running  parallel  to  the  plane 
surface,  are  used  in  the  test.  These  disks  are  convenient  to 
handle  and  fit  the  standard  size  glassware.  It  was  necessary 
to  standardize  the  material,  since  the  substratum  over  which 
the  paint  is  applied  somewhat  affects  the  readiness  with  which 
the  paint  molds. 

The  disks  are  sanded  on  all  sides  and  the  edges  are  slightly 
rounded  off  to  prevent  paint  from  pulling  away  from  the  edges. 
Since  the  pitch  content  of  the  wood  varies  considerably,  for  the 
sake  of  uniformity,  to  eliminate  the  additional  variables,  and  to 
prevent  discoloration  of  white  paints,  the  panels  prior  to  paint¬ 
ing  are  extracted  with  a  high-solvency  naphtha  (the  authors  use 
Skelly  Solvent  of  B.  R.  100°  to  140°  C.). 

Paint  Application.  The  paint  manufacturer’s  directions  as 
to  the  priming,  thinning,  number  of  coats,  drying  time  between 
coats,  etc.,  are  followed  when  given.  In  the  absence  of  instruc¬ 
tions  two  coats  are  applied  according  to  good  painting  practice. 
For  painting  the  panels  the  authors  use  0.78  cm.  (0.31  inch)  wide, 
1.875-cm.  (0.75-inch)  bristle  brushes  made  by  the  George  E. 
Watson  Company.  During  painting  care  is  taken  to  prevent 
mixing  of  paints  by  using  a  clean  dry  brush  for  each  paint  (the 
used  brushes  are  washed  in  several  changes  of  turpentine  and 
then  in  acetone). 

To  afford  a  direct  comparison  between  the  original  and  the 
fungicide-treated  paints,  one  surface  of  each  disk  is  divided  by  a 
shallow  groove  made  with  some  blunt  instrument  along  the  diame¬ 
ter  running  parallel  to  the  wood  grain.  One  half  (as  well  as  the 
adjacent  edge)  is  painted  with  the  test  paint,  while  the  other  is 
painted  with  the  original  untreated  paint.  When  the  latter  is 
not  available  some  comparable  paint  known  not  to  contain  pre¬ 
servatives  is  used. 

After  the  paints  are  thoroughly  dry  and  at  least  5  days  have 
elapsed  after  application  of  the  second  coat,  the  panels  are  soaked 
overnight  in  distilled  water  (this  softens  the  paint  film  in  a  manner 
similar  to  rain  action),  and  are  then  ready  for  seeding.  Some¬ 
times  it  is  advantageous,  before  soaking  the  panels  in  water, 
to  dip  the  unpainted  backs  of  the  disks  into  molten  paraffin  to 
prevent  warping  and  paint  peeling. 

Seeding.  After  soaking,  the  test  panels  are  wiped  dry  with  a 
towel  and  are  laid  painted  side  down  on  a  36-  to  42-hour  old  cul¬ 
ture  of  mold  29,  grown  on  malt  agar  in  10-cm.  Petri  dishes. 
For  growing  seeding  mold  cultures  the  authors  use  agar  con¬ 
taining  25  grams  of  Difco  malt  extract,  2  grams  of  Difco  yeast 
extract,  and  15  grams  of  agar  per  liter  of  water.  After  hardening, 
the  agar  is  seeded  by  swabbing  with  a  water  suspension  of  the 
mold.  Aseptic  microbiological  technique  is  carefully  observed 
during  preparation  of  the  seeding  cultures.  The  disks  are  pressed 
down  gently  but  firmly  to  ensure  a  good  contact  between  the 
paint  and  the  mold  mycelium. 

The  age  of  the  seeding  mold  culture,  or  rather  the  stage  of  its 
development,  is  critical;  for  best  results  it  should  be  used  exactly 
at  the  time  when  the  sporangia  are  developing  but  before  they 
begin  turning  dark.  About  42  hours  at  25 0  C.  are  required  for  the 
mold  to  reach  this  stage. 

The  test  panels  remain  on  the  seeding  culture  for  20  to  24 
hours  at  25°  C.,  in  which  time  the  mold  not  covered  by  the  disks 
becomes  dark. 
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Molding.  After  seeding,  the  paint  surface  is  gently  sprayed 
with  water  from  an  atomizer  to  wash  off  any  agar  particles  or 
other  extraneous  matter  that  might  be  present,  and  the  disks  are 
embedded  (painted  side  up)  in  Petri  dishes  by  means  of  paraffin. 
Just  enough  paraffin  is  added  to  cover  the  bottom  of  the  disk  and 
to  fix  it  in  place,  leaving  a  groove  between  the  edge  of  the  disk 
and  the  side  of  the  dish.  The  necessary  moisture  for  mold  growth 
is  provided  initially  by  spraying  the  paint  surface  from  an  atom¬ 
izer  and  by  placing  5  cc.  of  water  in  the  groove;  the  water  in  the 
groove  is  periodically  replaced  as  it  evaporates.  The  disks  em¬ 
bedded  in  Petri  dishes  are  incubated  in  a  chamber  kept  at  25° 
to  30°  C.  and  60  to  70  per  cent  relative  humidity.  Better  mold 
growth  is  obtained  when  the  test  disks  are  periodically  watered 
and  incubated  in  an  ordinary  incubator,  as  described,  than  when 
they  are  incubated  in  a  saturated  atmosphere  of  95  to  100  per 
cent  humidity. 


(both  natural  and  artificial)  can  be  tested  at  any  particular 
stage  of  the  breakdown. 

The  grafting  method  of  seeding  has  also  been  found  ap¬ 
plicable  for  testing  the  mold  resistance  of  canvas,  awnings, 
etc.,  and  for  seeding  with  molds  other  than  the  one  recom¬ 
mended  for  paint  testing. 

Conclusions 

A  rapid,  dependable,  and  convenient  laboratory  method 
for  testing  mold-resistant  properties  of  oil  paints  which 
gives  consistent,  reproducible  results  has  been  developed. 

By  the  use  of  “half  and  half”  panels,  the  treated  and  the 
original  paints  receive  an  identical  treatment  in  all  respects 


Figure  4.  Test  Panels  Seeded  with  Mold  29  by  Grafting  Method 

Note  receding  of  mold  growth  due  to  diffusion  of  preservative  from  treated  paint  on  right  into  control  paint  on 

left  side  of  panel  at  left. 


Reading  and  Recording  Results.  By  this  procedure  it 
usually  takes  not  more  than  3  weeks  to  obtain  the  maximum 
growth,  although  with  exceptionally  hard  paints  a  longer  time 
may  be  required.  However,  it  was  found  convenient,  for  the 
sake  of  comparison,  and  since  both  the  rate  and  the  maximum 
extent  of  growth  are  important,  always  to  make  readings  7  and  21 
days  after  seeding. 

For  recording  mold  growth  a  binomial  system  with  ten  as  the 
maximum  value  for  each  reading  is  used.  In  this  system  the 
first  number  of  the  pair  indicates  the  “extent  of  growth”  and 
the  second  the  “intensity  of  growth”.  By  the  extent  is  meant  the 
fraction  of  the  surface  that  is  covered  with  mold.  To  illustrate 
the  interpretation  of  these  readings:  “4-10”  means  “an  abun¬ 
dant  growth  over  about  40  per  cent  of  the  surface”,  while  “10-1” 
means  “a  scanty  growth  over  the  entire  surface”. 

Discussion 

The  method  described  above  has  been  used  with  excellent 
results  in  the  authors’  laboratory  for  over  18  months.  As  a 
general  rule  a  very  good  agreement  is  obtained  between  the 
duplicate  plates.  Any  discrepancies  in  the  results  are  usually 
due  to  the  fact  that  the  preservative  is  present  in  the  so- 
called  borderline  concentration,  at  which  minor  differences  in 
conditions  determine  whether  or  not  the  growth  takes  place. 

Another  very  important  feature  of  this  laboratory  method 
is  that  it  allows  separation  of  the  two  factors  involved  in  the 
molding  of  the  paint  panels  during  field  testing — (1)  the 
original  effectiveness  of  the  preservative  treatment  and  (2) 
the  effect  of  weathering  and  breakdown  of  the  paint  film 
(including  the  loss  of  the  toxicant).  In  other  words,  by 
this  method  the  mold-resistant  properties  of  the  original 
paint  as  well  as  of  the  paint  films  subjected  to  weathering 


throughout  the  entire  procedure,  thus  permitting  a  direct 
comparison  between  them. 
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Correction.  In  the  article  entitled  “Analysis  of  Cationic 
Surface-Active  Agents  of  Trivalent  Nitrogen  Type”  [Ind.  Eng. 
Chem.,  Anal.  Ed.,  12,  402  (1940)]  there  are  two  minor  errors. 
In  the  paragraph  beginning  “Hopper,  MacGregor,  and  Wilson,” 
the  fifth  sentence  should  read  “Sulfuric  acid  because  of  its  low 
volatility”  ....  In  Table  III  the  average  of  sample  A  should  be 
given  as  79.9  per  cent. 


Ralph  Hart 


Critical  Solution  Temperatures  and  Aniline 
Points  of  Some  Butane  Hydrocarbons 

CLIFFORD  G.  LUDEMAN,  The  Texas  Company,  Fort  Arthur,  Texas 


A  NUMBER  of  correlations  of  physical  properties  of  hydro¬ 
carbons  or  hydrocarbon  mixtures  are  based  upon  aniline 
points.  In  order  to  extend  the  usefulness  of  these  correla¬ 
tions,  aniline  point  data  for  various  butane  hydrocarbons  are 
needed.  Since  necessary  data  were  lacking  in  the  literature, 
the  current  study  was  undertaken  to  determine  the  aniline 
points  of  some  of  the  butane  hydrocarbons. 

Chavanne  and  Simon  (2)  introduced  the  use  of  the  critical  solu¬ 
tion  temperature,  the  maximum  miscibility  temperature  of  hydro- 
carbon-aniline  mixtures  for  the  study  and  analysis  of  hydrocar¬ 
bons  or  hydrocarbon  mixtures.  A  modification  was  advanced  by 
Tizard  and  Marshall  (IS)  termed  the  aniline  point,  which  is  the 
miscibility  temperature  of  equal  volumes  of  hydrocarbon  and  ani¬ 
line.  Evans  (5)  pointed  out  that  the  differences  between  the 
critical  solution  temperatures  and  aniline  points  are  usually  small 
and  that  the  two  terms  have  been  used  indiscriminately.  Or- 
mandy  and  Craven  (10)  demonstrated  the  adverse  effect  of  water, 
1  per  cent  of  water  in  the  aniline  causing  a  5.9°  C.  rise  in  the  ani¬ 
line  point  of  re-heptane.  Because  of  its  ease  of  purification  and 
wide  use,  Brame  and  Hunter  (1)  recommended  re-heptane  (from 
Pinus  sabiniana)  as  a  standard  when  used  with  an  aniline  whose 
water  content  was  sufficiently  low  to  yield  an  aniline  point  of 
70.0°  C. 

Critical  solution  temperatures  and  aniline  points  for  various 
hydrocarbons  as  found  in  the  literature,  as  well  as  the  values 
derived  from  this  study,  are  presented  in  Table  I  and  shown 
graphically  in  Figure  1.  Disregarding  the  butane  hydrocar¬ 
bon  values  shown,  the  data  indicate  minimum  values  in  the 
several  series  which  require  experimental  values  for  lower 
hydrocarbons  for  an  accurate  extension  of  the  various  curves. 
The  values  derived  in  this  study  clearly  demonstrate  these 
minima. 

Because  of  the  low  boiling  points  of  the  butanes,  none  of  the 
existent  methods  as  described  was  applicable  for  this  work. 
An  apparatus  adaptable  to  work  with  butanes  has  several  im- 


NUMBER  OF  CARBON  ATOMS  PER  MOLECULE  OF  HYDROCARBON 

Figure  1.  Critical  Solution  Temperatures  vs.  Molecular 
Size  of  Hydrocarbons 


portant  limitations — it  must  withstand  high  pressures,  since, 
for  example,  isobutane  has  a  vapor  pressure  on  the  order  of 
250,000  kg.  per  sq.  meter  (350  pounds  per  square  inch)  at 
110°  C.,  it  must  be  light  enough  to  permit  weighing  on  an 
analytical  balance,  and,  finally,  it  must  be  of  a  form  permit¬ 
ting  manipulation  in  a  bath  of  liquid  nitrogen  used  in  the  fill¬ 
ing  of  the  apparatus.  The  apparatus  developed  is  described 
below.  No  claim  for  novelty  is  made,  since  the  procedure 
used  resembles  in  some  details  other  known  methods.  Shep¬ 
ard,  Henne,  and  Midgley  (11)  used  sealed  tubes  but  reported 
insufficient  details  to  allow  duplication.  Levin  (7)  has  sug¬ 
gested  the  use  of  a  10-cm.  length  of  7-mm.  glass  tubing  sealed 
at  one  end  and  closed  by  a  small  cork  and  sealing  wax  at  the 
other  end.  Wilkinson  (1 4)  used  a  semimicroapparatus  which 
was  not  described. 


Table  I.  Aniline  Points  and  Critical  Solution  Tempera- 


TURES 

Critical 

Aniline 

Solution 

Hydrocarbon 

Point 

Reference 

Temperature 

Reference 

°  C. 

0  C. 

n-Butane 

83.1 

This  work 

84.1 

This  work 

rc-Pentane 

70.7 

(5) 

71.4 

(11) 

n-Hexane 

68.6 

.(51 

69.0 

1 11 1 

n-Heptane 

70.6 

This  work 

70.8 

This  work 

7i-Octane 

71.7 

(5) 

71.8 

(.11) 

7i-Nonane 

74.5 

(6) 

74.4 

(11) 

7i-Decane 

77.5 

(5) 

77.5 

(11) 

n-Undecane 

80.6 

(5) 

80.6 

(11) 

n-Dodecane 

83.7 

(5) 

83.7 

(ID 

n-Trideeane 

87.0 

(12) 

7i-Tetradecane 

89.5 

(12) 

n-Pentadecane 

92.0 

(12) 

n-Hexadecane 

88 '.0 

0?) 

95.0 

(12) 

Isobutane 

107.6 

This  work 

109.0 

This  work 

Isopentane 

77.8 

(3) 

2-Methylpentane 

74.7 

(3) 

2-Methylhexane 

72' 8 

(6) 

74.1 

U) 

2-Methylheptane 

74.0 

(3) 

2-Methyloctane 

77.5 

(3) 

2-Methylnonane 

80.3 

(3) 

Isobutene 

14.9 

This  work 

15.8 

This  work 

2-Methylbutene-2 

11.0 

(1) 

2-Methylpentene-2 

24 . 0“ 

(6) 

a  Isohexene  mixture. 


Apparatus 

The  containers  used  for  the  determinations  of  the  miscibility 
temperatures  are  best  described  by  reference  to  Figure  2.  The 
tubes  were  blown  from  Pyrex  tubing  3  mm.  in  inside  diameter  and 
5  mm.  in  outside  diameter,  and  had  a  chamber  4  cm.  in  length 
with  a  capillary  at  one  end  and  a  handle  at  the  opposite  end  at¬ 
tached  to  the  sealed-off  portion.  The  end  with  the  capillary 
ended  in  a  length  of  tubing  sufficient  to  permit  handling  during 
the  sealing-off  operation  and  to  permit  temporary  closure  with  a 
small  cork.  A  slip  of  paper  in  the  closed  handle  contained  an 
identification  number. 

Materials 

Aniline.  Five  hundred  cubic  centimeters  of  aniline  (J.  T. 
Baker’s  c.  p.  analyzed  grade)  were  slowly  distilled  in  a  dry  appa¬ 
ratus  and  the  central  100-cc.  portion  boiling  at  184.4°  C.  (cor¬ 
rected)  was  collected.  This  fraction  was  immediately  sealed  in 
ampoules  in  10-cc.  portions  and  stored  until  used. 

w-Heptane.  One  liter  of  re-heptane  (California  Chemical 
Company’s  c.  p.  grade)  was  slowly  distilled  with  the  use  of  a  high- 
temperature  fractionation  column  of  the  Podbielniak  type  and 
the  middle  100-cc.  portion  boiling  at  98.4°  C.  (corrected)  was  col¬ 
lected. 

re-BuTANE.  The  c.  p.  grade  of  re-butane  as  supplied  by  the 
Phillips  Petroleum  Corporation  was  found  to  be  above  99.9  per 
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cent  purity  by  a  low-temperature  fractional  distillation  with  a 
column  of  the  Podbielniak  type.  The  material  contained  no  un¬ 
saturated  components,  as  shown  by  zero  absorption  in  87  per  cent 
sulfuric  acid  and  by  zero  contraction  on  catalytic  hydrogenation 
according  to  the  method  of  McMillan,  Cole,  and  Ritchie  (9). 

Isobutane.  Isobutane  (Matheson’s  “pure  commercial” 
grade)  was  passed  through  four  wash  bottles  filled  with  95  per  cent 
sulfuric  acid,  through  an  Ascarite-filled  tower,  through  40  per 
cent  potassium  hydroxide,  and  finally  through  a  tower  filled  with 
anhydrous  calcium  chloride,  after  which  it  was  condensed  in  a 
steel  bomb  cooled  with  a  dry-ice  and  kerosene  bath.  Analysis 
of  the  product  by  low-temperature  fractional  distillation  showed 
over  99.9  per  cent  purity,  with  zero  absorption  in  87  per  cent  sul¬ 
furic  acid  and  zero  contraction  on  hydrogenation  demonstrating 
the  absence  of  unsaturated  components. 

Isobutene.  fert-Butyl  alcohol  (Eastman  Kodak  Company  s 
purest  grade)  was  dehydrated  with  oxalic  acid  to  yield  isobutene 
which  was  dried  by  passage  through  a  tower  filled  with  anhydrous 
calcium  chloride,  after  which  it  was  condensed  in  a  steel  bomb 
cooled  by  a  dry-ice-kerosene  bath.  The  isobutene  was  redistilled 
from  the  bomb  through  30  per  cent  potassium  hydroxide,  dried 
by  passage  through  a  tower  filled  with  anhydrous  calcium  chlo¬ 
ride,  and  recondensed  in  a  steel  bomb  cooled  in  a  dry-ice-kerosene 
bath.  The  yield  of  purified  product  was  88  per  cent  of  the 
theoretical  based  on  the  fert-butyl  alcohol.  The  isobutene  was 
over  99.9  per  cent  pure  by  a  low-temperature  fractional  distilla¬ 
tion,  100.0  per  cent  unsaturated  according  to  hydrogenation,  and 
100.0  per  cent  isobutene  by  reaction  with  anhydrous  hydrogen 
chloride  according  to  the  method  of  McMillan  ( 8 ). 

Procedure 

Precautions  were  taken  to  have  and  to  maintain  dry  materials, 
equipment,  and  conditions  at  all  times.  The  miscibility  tubes 
were  always  tightly  stoppered  except  while  pipetting  or  weighing 
and  until  sealed  off.  All  weighings  were  made  to  0.1  mg.  on  an 
analytical  balance  equipped  with  a  special  stirrup  of  chromel 
wire  used  to  hold  the  tubes.  All  pipetting  was  performed  as 
rapidly  as  possible. 

By  means  of  a  capillary-tipped  pipet,  aniline  was  introduced 
into  a  weighed  miscibility  tube,  then  the  capillary  and  upper  part 
of  the  tube  were  heated  in  a  narrow  flame  to  volatilize  adhering 
droplets  of  aniline,  the  resultant  vapor  was  sucked  out  quickly  by 
vacuum,  and  the  tube  was  cooled  and  reweighed.  The  miscibility 
tube  containing  the  weighed  aniline  was  immersed  in  liquid 
nitrogen  to  the  bottom  of  the  capillary  constriction.  The  lique¬ 
fied  hydrocarbon  was  then  cooled  to  partial  crystallization  (except 
n-heptane)  to  ensure  freedom  from  dissolved  water,  and  the 
hydrocarbon  was  introduced  into  the  miscibility  tube  on  top  of 
the  aniline  by  means  of  a  capillary-tipped  pipet.  The  capillary  of 
the  miscibility  tube  was  sealed  off  by  means  of  a  hand  gas-oxygen 
blast  torch,  care  being  taken  to  obtain  smooth  seals  and  to  avoid 
the  loss  of  glass.  The  sealed  tube  was  removed  from  the  liquid 
nitrogen  bath,  warmed  to  room  temperature,  and  again  reweighed 
together  with  the  glass  tip  which  had  been  removed  during  the 
sealing  operation.  The  volume  ratio  of  hydrocarbon  to  aniline 
was  determined  by  the  following  equation : 

.  _ weight  of  hydrocarbon  X  1.0252 _ 

^atio  =  weight  of  aniline  X  density  of  hydrocarbon  at  60°  F. 

where  1.0252  is  the  density  of  aniline  at  60°  F.  based  on  water  at 
4°  C.,  this  Fahrenheit  temperature  being  used  since  it  is  the  gen¬ 
eral  standard  in  the  petroleum  industry. 

The  prepared  miscibility  tube  was  introduced  and  shaken  in  a 
bath  consisting  of  a  2-liter  jar  filled  with  water  or  glycerol,  heated 


on  a  small  adjustable  electric  hot  plate  and  equipped  with  an 
efficient  stirrer  and  a  totally  immersed  thermometer.  The  ther¬ 
mometers  used  were  of  the  Anschutz  type  graduated  to  0.2°  C. 
but  could  be  read  to  0.1°  and  had  been  tested  by  the  National 
Bureau  of  Standards.  Heating  and  cooling  (by  means  of  chipped 
ice  with  isobutene  whose  miscibility  temperature  was  below  that 
of  the  room)  were  effected  at  about  0.2°  C.  per  minute  within  the 
range  of  1  °  of  the  value  as  ascertained  by  an  initial  trial.  Read¬ 
ings  were  taken  with  both  ascending  and  descending  temperatures 
which  agree  within  0.1°  C.  Only  values  obtained  with  descend¬ 
ing  temperatures  were  recorded,  check  values  being  obtained. 
The  sudden  appearance  of  a  milky  cloud  in  the  clear  mixture  was 
taken  as  the  criterion  for  reading  the  miscibility  temperature  with 
descending  bath  temperatures.  The  temperatures  observed  are 
thought  to  be  accurate,  owing  to  efficient  stirring,  slow  rates  of 
temperature  change,  and  approximately  similar  rates  of  lag  of  the 
thermometer  and  of  the  miscibility  tube,  since  both  were  of  the 
same  order  of  size. 


Table  II.  Miscibility  Data 


Weight  of 

Weight 

Miscibility 

Sample 

Hydro¬ 

of 

Volume 

Tempera¬ 

Hydrocarbon  Number 

carbon 

Aniline® 

Ratio 

ture 

Gram 

Gram 

0  C. 

n-Heptane  1 

0.0415 

0.1121 

0 . 552 

67.5 

d  60°  F./4°  C.  2 

0 . 0495 

0.1238 

0.597 

67.8 

0 . 6878  3 

0 . 0542 

0.0915 

0.883 

70.0 

4 

0  0615 

0.0917 

1.00 

70.7 

5 

0 . 0652 

0  0891 

1.09 

70.7 

6 

0  0760 

0 . 0930 

1.22 

70.7 

7 

0.0769 

0 . 0888 

1.29 

70.3 

8 

0.0796 

0.0772 

1.54 

69.7 

rc-Butane  9 

0 . 0499 

0.1492 

0 . 587 

75 . 5 

d  60°  F./40  C.  10 

0.0473 

0.1277 

0.650 

77.7 

0.5843  11 

0 . 0485 

0.1076 

0.791 

80.4 

12 

0.0593 

0.1128 

0.923 

82.4 

13 

0 . 0538 

0  1008 

0.937 

82.8 

14 

0.0674 

0.1059 

1.12 

83.8 

15 

0  0923 

0.1437 

1.13 

83.8 

16 

0.0917 

0.1345 

1.20 

83.8 

17 

0.0729 

0.0976 

1.31 

84.1 

18 

0  0954 

0 . 0933 

1.79 

83.6 

Isobutane  19 

0.0398 

0.1157 

0.624 

92  7 

d  60°  F./4°  C.  20 

0 . 0452 

0.1162 

0.707 

98.3 

0.5646  21 

0.0528 

0.1137 

0.843 

103.6 

22 

0 . 0554 

0.0999 

1.01 

107.8 

23 

0.0563 

0.0946 

1.08 

108  6 

24 

0.0644 

0.1061 

1.10 

108.8 

25 

0 . 0795 

0.1225 

1.18 

109  0 

26 

0 . 0740 

0 . 1034 

1.30 

108.8 

27 

0 . 0669 

0.0925 

1.31 

108.9 

28 

0.1147 

0.1017 

2.04 

102.9 

Isobutene  29 

0.0529 

0.1203 

0.748 

11.8 

d  60°  F./4°  C.  30 

0 . 0489 

0.1011 

0.822 

13.2 

0.6030  31 

0.0531 

0 . 0986 

0  915 

14.2 

32 

0.0725 

0.1171 

1.05 

14.9 

33 

0.0728 

0.1109 

1.12 

15.7 

34 

0 . 0740 

0.1071 

1.17 

15 . 5 

35 

0 . 0692 

0  0978 

1.20 

15.4 

36 

0.0693 

0.0933 

1.26 

15 . 6 

37 

0 . 0836 

0.0968 

1.47 

15.8 

38 

0.1009 

0.0892 

1.92 

15 . 5 

a  Aniline,  d  60°  F./4°  C.,  1.0252. 


Discussion 

The  miscibility  data  developed  are  tabulated  in  Table  II. 
The  derived  critical  solution  temperatures  and  aniline  points 
recorded  in  Table  I  were  obtained  by  graphing  miscibility 
temperatures  vs.  the  volume  ratios  of  hydrocarbon  to  aniline. 
n-Heptane  was  used  with  this  procedure  for  comparison  with 
other  results,  an  aniline  point  of  70.6°  C.  and  a  critical  solu¬ 
tion  temperature  of  70.8°  C.  being  obtained.  The  literature 
records  values  for  the  aniline  point  and  critical  solution  tem¬ 
peratures  of  n-heptane  varying  from  68°  C.  {10)  to  71°  C.  {6). 
The  effect  of  water  in  raising  the  miscibility  temperature  has 
already  been  mentioned,  but  it  is  not  believed  that  this  ex¬ 
planation  is  applicable  to  these  results  in  view  of  the  precau¬ 
tions  taken  in  this  study.  The  values  for  the  three  butane 
hydrocarbons  appear  to  be  generally  consistent  with  the  other 
data  as  shown  by  Figure  1. 

Summary 

A  method  for  the  determination  of  the  miscibility  tempera¬ 
tures  for  mixtures  of  volatile  hydrocarbons  and  aniline  is  pre¬ 
sented.  The  aniline  points  of  n-butane,  isobutane,  and  iso- 
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butene  were  found  to  be  83.1°,  107.6°,  and  14.9°  C.,  respec¬ 
tively,  and  the  critical  solution  temperatures  for  the  same 
hydrocarbons  were  found  to  be  84.1°,  109.0°,  and  15.8°  C., 
respectively.  The  derived  values  confirm  the  indicated  min¬ 
ima  for  the  various  hydrocarbon  series. 
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Colorimetric  Determination  of  Iron 
with  Salicylaldoxime 

A  Spectrophotometric  Study 

D.  E.  HOWE1  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


SALICYLALDOXIME  has  been  used  for  determining 
copper  (3),  nickel  ( 1 ),  lead  (6),  and  palladium  ( 5 )  by 
gravimetric  precipitation  methods,  since  it  forms  with  these 
metals  chelate  rings  of  the  “inner  complex”  type.  By  careful 
regulation  of  the  hydrogen-ion  concentration  of  the  solutions, 
separations  of  certain  of  these  metals  may  be  made.  Ferric 
iron  forms  a  soluble  complex  and  interferes  with  the  de¬ 
termination  of  the  other  four  metals,  since  this  com¬ 
plex  is  entrained  by  the  insoluble  complexes  and  cannot  be 
washed  out.  The  entrainment  is  a  function  of  the  pH  of  the 
solution  (2). 

Ephraim  observed  the  reaction  of  ferric  ion  with  salicyl¬ 
aldoxime,  and  called  the  color  formed  brown-violet  (4).  By 
means  of  this  color  reaction,  he  determined  when  washing 
was  complete  in  the  gravimetric  precipitation  method  for 
copper  and  nickel.  Ferric  chloride  was  added  to  successive 
portions  of  the  washings  from  the  precipitate  until  no  color, 
and  consequently  no  salicylaldoxime,  was  present.  Here, 
then,  ferric  ion  was  used  as  a  qualitative  test  for  salicyl¬ 
aldoxime. 

It  seemed  likely  that  a  reversal  of  Ephraim’s  process,  using 
salicylaldoxime  as  a  color-forming  reagent  for  ferric  iron, 
would  be  practicable.  For  this  reason  a  critical  study  of  the 
complex  was  made,  the  basic  purposes  being  to  discover 
the  optimum  conditions  under  which  it  could  be  used  for 
colorimetric  determinations,  and  to  define  precisely  the  limits 
of  usefulness  of  the  method. 

Apparatus  and  Solutions 

Since  this  investigation  was  to  be  quantitative,  ordinary 
visual  methods  of  colorimetric  comparison  were  not  suitable. 
Neither  could  filter  photometers  be  used,  since  they  give  only 
reproducible  approximations  of  the  color  situation  under  given 

1  Present  address:  Department  of  Chemistry,  Iowa  State  College,  Ames, 
Iowa. 


conditions.  A  spectrophotometer  was  the  logical  choice; 
it  enables  transmittancy  values  to  be  obtained  over  the  entire 
visible  spectrum.  A  recording  General  Electric  instrument 
was  used  for  the  work  at  hand. 

Transmittance  cells  1.961  cm.  in  thickness  and  a  spectral 
band  10  m^  in  width  were  used.  In  every  case,  the  cell  placed  in 
the  “blank”  beam  contained  the  same  amount  of  pH  buffer  and 
reagent  as  the  corresponding  volume  of  the  unknown  solution. 

The  salicylaldoxime  (Eastman  No.  2956)  consisted  of  white 
crystals  and  melted  at  57.5°  C.  A  0.1  per  cent  solution  of  the 
reagent  was  made  by  dissolving  the  weighed  solid  in  5  ml.  of 
ethanol  and  diluting  to  the  proper  volume  with  redistilled  water. 
Only  enough  reagent  for  one  day’s  work  was  prepared  at  one  time, 
since,  -  upon  standing  for  more  than  one  week,  the  solution  de¬ 
composes  somewhat  and  turns  slightly  brown. 

Standard  iron  solutions  were  made  by  dissolving  weighed 
amounts  of  iron  wire  of  known  purity  in  redistilled  nitric  or  hydro¬ 
chloric  acid.  Hydrogen  peroxide  was  added  to  oxidize  all  the 
iron,  and  the  excess  peroxide  was  destroyed  by  boiling.  These 
solutions  were  diluted  with  redistilled  water  to  a  concentration  of 
0.05  mg.  of  iron  per  ml.  This  solution  is  such  that  1  ml.  when 
diluted  to  50  ml.  is  equivalent  to  one  part  per  million  of  iron. 

A  solution  of  ammonium  acetate,  approximately  1  molar,  was 
used  for  a  pH  buffer.  This  was  made  from  the  purest  solid  ob¬ 
tainable  dissolved  in  iron-free  water.  When  pH  values  other  than 
that  obtained  from  the  use  of  the  buffer  solution  were  desired, 
hydrochloric  acid  and  ammonium  or  sodium  hydroxide  were  used. 
The  alkaline  solutions  were  filtered  before  use  to  remove  silica. 
Measurements  of  pH  were  made  with  a  universal  glass  electrode 
potentiometer  outfit  (7),  which  was  calibrated  with  Clark  and 
Lubs  buffer  solutions. 

The  solutions  used  for  the  tests  for  interference  were,  for  the 
cations,  the  nitrates,  chlorides,  or  sulfates,  and  for  the  anions, 
the  sodium,  potassium,  or  ammonium  salts. 

In  the  preparation  of  the  colored  solutions,  the  following  order 
was  used;  Into  a  50-ml.  volumetric  flask  was  introduced  from 
a  5-ml.  buret  the  desired  amount  of  iron.  Any  diverse  ions  were 
then  added  to  this  solution,  followed  by  an  excess  of  reagent. 
The  pH  was  adjusted  with  the  ammonium  acetate  solution,  or 
with  acid  or  alkali,  and  the  solution  was  diluted  to  the  proper 
volume.  Transmittancy  curves  were  obtained  within  5  minutes 
after  the  solution  was  prepared,  part  of  the  material  being  re¬ 
served  for  pH  determinations. 
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Table  I. 

Tbansmittancy  Values  at  480 

Concentration 
of  Iron 

Observed  Calculated 

P.  p.  in. 

% 

% 

1.0° 

81.0 

81.0 

0.5 

90.0 

90.0 

0.1 

97.0 

97.9 

3.0 

53.5 

53.2 

5.0 

35.2 

35.0 

10.0 

12.5 

12.2 

o  Basis  for  calculations. 


Color  Reaction 

The  color  developed  by  salicylaldoxime  in  the  presence  of 
ferric  iron  is  purple  at  a  pH  of  3  and  yellow  at  10.  Between 
these  two  values  the  solutions  appear  as  various  combinations 
of  these  hues,  that  in  neutral  solution  being  red-orange.  The 
variation  of  the  transmittancy  with  pH  is  shown  in  Figure  1. 
It  is  evident  that  a  careful  control  of  pH  is  necessary  in  order 
to  obtain  reproducible  hue  and  intensity  of  color.  For  this 
study,  a  solution  with  a  pH  of  approximately  7  was  used 
because  of  the  ease  with  which  this  value  may  be  maintained 
and  the  lack  of  variation  of  transmittancy  in  the  immediate 
vicinity  of  neutrality.  Ammonium  acetate  solution,  having  a 
pH  of  almost  7,  was  used  as  a  buffering  agent. 

Figure  2  shows  the  transmittancy  at  pH  6.7  for  different  iron 
concentrations.  In  Table  I  are  given  the  calculated  and  ob¬ 
served  values  for  the  transmittancy  at  480  m^.  Since  the 
variation  is  slight,  there  is  no  great  deviation  from  Beer’s 
law,  and  a  variable-depth  type  color  comparator  may  be  used 
for  determinations. 

At  the  pH  chosen  for  the  work  the  colored  solutions  are 
stable  for  more  than  24  hours.  Reagent  concentration  has  no 
effect  on  the  color  so  long  as  an  excess  is  present.  The  maxi¬ 
mum  color  is  developed  within  30  seconds  of  the  time  of  prepa¬ 
ration  of  the  solutions.  In  an  acidic  medium,  the  color  is 


developed  immediately,  but  fades  rapidly.  In  basic  solution, 
the  maximum  color  is  developed  only  after  15  minutes. 

The  smallest  amount  of  iron  detectable  with  the  reagent  in 
a  30-cm.  Nessler  tube  is  1  part  in  20,000,000  parts  of  solution. 
The  upper  limit  for  Nessler  tube  work  is  4  p.  p.  m.  This  may, 
however,  be  extended  considerably  by  dilution. 

The  colored  complex  is  not  extracted  from  the  aqueous 
solution  by  ethyl  alcohol,  carbon  disulfide,  benzene,  or  ethyl 
acetate,  and  only  slightly  by  chloroform. 

Influence  of  Ions 

Of  the  anions  studied,  chloride,  bromide,  thiocyanate, 
chlorate,  perchlorate,  sulfate,  and  acetate  did  not  interfere 
with  either  the  intensity  or  the  hue,  even  when  present  in 
concentrations  exceeding  that  of  the  iron  by  500  times. 
Fluoride  ion  may  be  present  in  quantities  up  to  10  mg.,  with 
0.2  mg.  of  iron,  without  causing  serious  interference.  More 
than  this  quantity  must  be  avoided. 

Tartrate,  citrate,  oxalate,  cyanide,  carbonate,  borate,  and 
phosphate  interfere  seriously,  probably  because  of  forming 
complexes  with  ferric  iron.  For  reproducible  results,  these 
must,  be  entirely  absent.  Iodide  and  sulfite  interfere,  because 
of  their  reducing  action;  sulfite  may  be  removed  by  prelimi¬ 
nary  oxidation. 

Few  of  the  colorless  cations  have  any  effect  on  the  color. 
Sodium,  lithium,  potassium,  ammonium,  calcium,  barium, 
strontium,  magnesium,  manganese  (ous),  and  cadmium 
have  no  effect,  even  when  present  in  concentrations  250  times 
that  of  the  iron.  Lead,  zinc,  mercury,  beryllium,  and  alumi¬ 
num  do  not  interfere  if  sufficient  reagent  for  them  also  is 
present.  Presumably  they  form  colorless  complexes  with 
salicylaldoxime. 

The  only  ions  tested  which  form  colored  soluble  complexes 
with  salicylaldoxime  are  ferric  iron,  molybdate,  cobalt,  and 
uranyl.  Cobalt  and  the  uranyl  ion  have  colors  of  their  own. 
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the  reagent  serving  merely  to  intensify  the  color,  while 
molybdate  forms  a  yellow  solution  in  its  presence.  Of  course, 
colored  ions,  such  as  chromic,  chromate,  permanganate,  and 
the  like,  must  be  absent.  The  ions  which  hydrolyze  to  form 
hydrated  oxides  in  neutral  solution  will  interfere  unless  re¬ 
moved  by  filtration;  this  interference  is  not,  however, 
serious. 

A  summation  of  the  effect  of  the  interfering  ions  is  given  in 
Table  II. 


Table  II.  Effect  of  Various  Ions 


Iron  Concentration® 

Permissible 

Ion 

Amount 

Actual 

Apparent 

Error 

Quantity 

Mg. 

P.  p.  m. 

P.  p.  m. 

% 

Mg. 

Tetraborate 

5 

2 

0.4 

80 

0.12 

Carbonate 

10 

4 

1.53 

61.7 

0.13 

Chromic 

10 

4 

3.0 

25 

0.8 

Cobalt 

10 

4 

4.5 

11.2 

1.8 

Citrate 

10 

2 

0 . 56 

72 

0.28 

Cyanide 

10 

2 

0.4 

80 

0.25 

Iodide 

10 

2 

1.13 

43 . 5 

0.46 

Molybdate 

10 

4 

4.46 

11.5 

1.74 

Oxalate 

10 

2 

0.19 

90  4 

0.22 

Phosphate 

10 

5 

1.8 

63 

0.05 

Sulfite 

10 

2 

1.3 

30 

0.7 

Tartrate 

10 

2 

1 . 65 

17.5 

1.14 

Uranyl 

50 

4 

4.8 

21 

10 

a  Concentrations 

are  for 

50  ml.  of 

solution. 

Amounts 

given  in  last 

column  are  permissible  without  affecting  accuracy  of  determinations  more 
than  2  per  cent. 


Recommended  Procedure 

Selection  and  Preparation  of  Sample.  The  sample  may 
be  any  inorganic  or  organic  material.  If  biological  material,  it 
may  be  “ashed”  by  either  the  wet  or  the  dry  method,  and  this 
ashed  material  treated  as  the  original  sample  in  the  remainder 
of  the  procedure. 

Measurement  of  Sample.  Take  enough  of  the  sample  to 
contain  0.01  to  1  mg.  of  iron,  and  transfer  to  a  250-ml.  conical 
flask. 

Treatment  of  Sample.  Dissolve  the  sample,  if  a  solid,  by 
digesting  with  10  ml.  of  nitric  acid  (1  to  3)  and  boil  to  remove 
oxides  of  nitrogen.  Remove  from  the  flame,  cool,  and  add  10 
ml.  of  3  per  cent  hydrogen  peroxide  to  oxidize  all  the  iron.  No 
adverse  effect  was  caused  by  excess  hydrogen  peroxide.  Copper 
and  nickel  may  be  prevented  from  interfering  by  precipitating 
them  as  the  insoluble  salicylaldoxime  complexes  from  a  basic 
solution.  Sodium  carbonate  is  added  to  the  acidic  solution  until 
a  dark  red  colloid  of  iron  forms.  Salicylaldoxime  is  added  in 
excess,  and  the  precipitate  filtered  from  the  solution.  The  car¬ 
bonate  complex  may  be  destroyed  by  acid,  and  the  determination 
carried  on  in  the  routine  manner.  Cobalt,  molybdenum,  ura¬ 
nium,  and  chromium  should  be  absent  or  removed  from  the  solu¬ 
tion  at  this  point.  Phosphate  may  be  precipitated  by  the 
zirconyl  ion,  and  the  excess  zirconium  eliminated  by  a  subse¬ 
quent  procedure.  Fluoride  and  borate  may  be  destroyed  by 
boiling  with  perchloric  acid,  which  volatilizes  them  as  hydro¬ 
fluoric  acid  and  boron  hydride,  respectively. 

Add  ammonia  until  the  solution  is  just  basic  to  litmus,  then 
hydrochloric  acid  until  it  is  just  acidic  to  the  same  indicator. 
Filter  any  insoluble  material  from  the  solution,  wash  the  pre¬ 
cipitate  well,  and  unite  the  washings  with  the  original  solution. 
This  procedure  tends  to  eliminate  the  interference  caused  by  the 
ions  which  would  precipitate  when  the  pH  is  adjusted  to  its  final 
value.  However,  the  precipitate  should  be  well  washed,  as  most 
of  the  hydrated  oxides  are  voluminous  and  tend  to  entrain  other 
ions. 

Add  10  ml.  of  a  0.1  per  cent  solution  of  salicylaldoxime,  and, 
after  stirring  well,  dissolve  in  the  solution  about  1  gram  of  am¬ 
monium  acetate.  For  the  first  unknown  sample,  an  excess  of 
salicylaldoxime  should  be  added,  in  order  to  prevent  inter¬ 
ference  from  those  elements  which  form  colorless  complexes. 
If  these  are  not  present,  as  may  be  determined  by  a  simple  test, 
the  amount  of  material  originally  recommended  is  sufficient. 

Dilute  the  solution  to  100  ml.  in  a  volumetric  flask  and  mix 
well.  If  the  colors  of  the  solutions  are  too  intense  for  visual 
comparison,  these  solutions  may  be  diluted  to  greater  volume. 

Measurement  of  Desired  Constituent.  The  unknown 
may  be  compared  in  Nessler  tubes  with  a  series  of  standards 
made  in  the  same  manner.  If  desired,  a  Duboscq  type  color 


comparator  may  be  used.  Since  the  solutions  obey  Beer’s 
law  over  a  rather  wide '  concentration  of  the  color-forming 
element,  it  is  not  imperative  that  the  solutions  be  of  the  same 
concentration.  In  case  visual  comparisons  are  made,  the 
standard  solutions  should  be  prepared  no  longer  than  24  hours 
before  use,  since  the  color  fades  slightly  after  this  time. 

A  filter  photometer  is  the  most  convenient  instrument  to 
use  in  colorimetric  determinations.  The  filters  used  may  be 
either  “signal  blue”  or  “light  blue-green”.  A  calibration  curve 
for  the  instrument  is  established  by  making  measurements  of 
a  series  of  known  solutions,  and  any  unknown  may  be  run 
thereafter  without  the  use  of  standard  solutions. 

Discussion 

A  study  of  this  method  was  undertaken  in  the  hope  of 
finding  in  it  advantageous  characteristics  which  are  lacking  in 
other  methods.  Some  of  these  characteristics  as  well  as  the 
faults  of  the  method  are  mentioned  below. 

The  color  is  of  the  same  range  of  intensity  as  those  of  the 
more  sensitive  methods  now  in  use.  Control  of  pH  is  a  critical 
factor,  but  no  more  so  than  in  the  Ferron  method  for  iron. 
The  solutions  obey  Beer’s  law  over  a  rather  wide  concentra¬ 
tion  range,  enabling  a  variable-depth  type  of  color  comparator 
to  be  used.  Although  not  stable  over  long  periods  of  time, 
the  colors  of  the  solutions  do  not  change  appreciably  during  24 
hours.  The  hues  are  not  difficult  to  match,  since  the  peak  of 
the  absorption  band  starts  at  500  m/x,  which  is  well  within  the 
range  of  visibility  of  the  normal  human  eye.  If  a  photoelectric 
filter  photometer  is  used,  a  wide-band  filter  may  be  employed, 
since  the  variation  of  transmittancy  with  concentration  of  iron 
complex  is  the  same  from  400  to  500  mp,  one  third  of  the 
visible  spectrum.  This  increases  the  amount  of  light  falling 
on  the  photoelectric  cells  of  the  instrument,  and  increases  its 
sensitivity.  Corning  glass  filters,  No.  556,  “signal  blue”,  or 
No.  428,  “light  blue-green”,  are  satisfactory. 

The  reagent  is  inexpensive,  and  very  little  of  it  is  required. 
Since  it  may  also  be  used  for  the  routine  determinations  of 
copper  and  nickel,  it  is  unnecessary  to  obtain  a  special  re¬ 
agent  for  the  colorimetric  determination  of  any  iron  which 
might  be  present  in  alloys  containing  these  metals. 

No  special  techniques  are  necessary  in  carrying  out  a  deter¬ 
mination  of  iron  by  the  proposed  method;  hence  routine 
analyses  may  be  made  by  “determinators”. 

Summary 

A  spectrophotometric  study  of  the  complex  formed  by  the 
action  of  ferric  iron  on  salicylaldoxime  has  indicated  that  this 
complex  might  be  used  for  the  colorimetric  determination  of 
ferric  iron.  The  complex  is  most  suitably  used  for  this  pur¬ 
pose  in  a  neutral  solution,  pH  being  a  critical  factor  in  the  de¬ 
termination.  The  range  of  concentrations  is  from  0.05  to  10 
parts  per  million  of  iron,  with  the  limits  being  extended  each 
way  by  proper  dilution  or  concentration.  Interfering  sub¬ 
stances  are  easily  removed,  the  reagent  is  highly  specific,  and 
no  special  techniques  are  necessary. 

Salicylaldoxime  is  recommended  as  a  reagent  for  the  colori¬ 
metric  identification  and  determination  of  small  amounts  of 
ferric  iron. 
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Determination  of  Crude  Fiber 

Potassium  Sulfate  as  a  Filtration  Aid 
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DIFFICULTY  in  filtering  the  crude  fiber  of  occasional 
mixed-feed  samples  has  led  the  authors  to  search  for  a 
method  for  hastening  the  filtration  process.  Because  of  the 
hydrated  colloidal  state  of  many  of  these  hard-to-filter  fiber 
samples,  the  use  of  a  strong  electrolyte  as  a  precipitant  was 
suggested.  Potassium  sulfate  was  selected  because  it  has  no 
water  of  crystallization  and  is  not  decomposed  at  tempera¬ 
tures  employed  in  ashing  the  fiber  (2).  Thus,  there  would  be 
no  difference  in  weight  of  samples  because  of  water  loss  due 
to  the  temperature  differential  between  the  drying  and  ashing 
steps. 

Although  many  devices  have  been  used  to  aid  fiber  filtra¬ 
tion,  a  search  of  the  literature  revealed  no  modification  em¬ 
ploying  the  principles  involved  in  the  method  presented  in 
this  paper. 

Experiments  designed  to  show  whether  the  use  of  potassium 
sulfate  in  the  crude-fiber  method  alters  the  value  obtained 
were  conducted  on  mixed-feed  samples  that  were  filtered  with 
difficulty  by  the  usual  method.  Mixed-feed  samples  that 
filtered  rapidly  by  the  official  ( 1 )  method  and  feces  samples, 
which  often  present  the  greatest  difficulty  in  filtration,  were 
also  analyzed  by  the  two  methods. 


Methods  Employed 

The  official  method  of  the  Association  of  Official  Agricultural 
Chemists  (1)  for  crude  fiber  in  feeds  was  employed  with  the 
exception  that  powdered  potassium  sulfate  was  added  to  the 
fiber  sample,  suspended  in  hot  water,  before  filtering  through  a 

Gooch  crucible.  „  ,  ,  ,, 

The  sample  was  transferred  from  the  digestion  flask  to  the 
filtering  cloth  after  the  sodium  hydroxide  digestion,  the  alkali 
was  permitted  to  drain  off,  and  the  fiber  was  washed  with  hot 
water  If  difficulty  was  encountered  at  this  point  in  the  nitra¬ 
tion,  powdered  potassium  sulfate  was  sprinkled  on  the  sample. 
The  sample  was  then  washed  with  about  100  cc.  of  hot  water  into 
a  250-cc.  beaker  and  powdered  potassium  sulfate  (10  to  20  grams) 
was  added  with  stirring  to  the  hot  suspension  The  presence  ol 
undissolved  potassium  sulfate  at  this  point  does  not  interfere. 
When  the  sample  was  permitted  to  stand  for  a  few  seconds,  the 
suspended  hydrated  fiber  precipitated.  The  supernatant  liquid 
could  be  readily  decanted  from  the  fiber  and  the  fiber  v\  ashed 
into  the  Gooch  crucible  with  hot  5  per  cent  potassium  sulfate 
solution.  Filtration  was  very  rapid  in  all  samples  and  it  was  not 
necessary  to  decant  the  sample  to  attain  rapid  filtration.  Ihe 
difficultly  filtered  colloidal  state  of  the  fiber  had  been  trans¬ 
formed  into  an  easily  filtered  condition.  To  wash  the  sample  in 
the  Gooch  with  hot  water  successfully,  only  small  amounts  of 
water  could  be  used.  When  the  potassium  sulfate  in  the  fiber 
had  been  reduced  below  a  certain  concentration  by  washing,  the 
fiber  resumed  its  hydrated  form  and  stopped  the  filtration 
process.  Permitting  the  suspended  fiber  to  cool  before  treatment 
with  potassium  sulfate  decreased  the  efficiency  of  the  method. 

The  fiber  was  washed  with  10  to  25  cc.  of  hot  5  per  cent  potas¬ 
sium  sulfate  solution  and  then  with  10  cc.  of  95  per  cent  ethyl 
alcohol.  The  crucible  was  rinsed  on  the  outside  with  water  and 
wiped  dry  to  remove  any  potassium  sulfate  adhering  to  the 
outer  and  bottom  surfaces  of  the  Gooch  crucible  before  drying  to 
constant  weight  at  110°  C.  After  weighing,  the  sample  was 
ashed  at  from  600°  to  800°  C.,  cooled,  and  reweighed. 


Discussion  of  Results 

Results  are  presented  in  Table  I.  Samples  1  to  6  represent 
six  mixed-feed  samples  which  could  be  filtered  and  washed 
within  5  minutes  by  either  the  official  or  the  modified  method. 
Samples  7  to  12  represent  six  feed  samples  which  required 
from  20  minutes  to  24  hours  to  filter  by  the  official  method, 
but  were  filtered  and  washed  within  5  minutes  by  the  modi¬ 
fied  method.  The  six  sheep  feces  samples  required  from  1  to 
24  hours  to  filter  through  the  Gooch  crucible  by  the  official 


method,  but  were  filtered  and  washed  within  5  minutes  by  the 
modified  method. 

Results  with  easily  filtered  feeds  show  very  close  agreement 
between  the  standard  and  modified  method.  Because  of  the 
ease  of  filtration  there  was  a  possibility  that  all  of  the  potas¬ 
sium  sulfate  might  be  washed  from  the  Gooch  in  the  modified 
method.  To  assure  the  presence  of  potassium  sulfate  in  the 
fiber  during  drying  and  ashing,  solid  potassium  sulfate  was 
added  to  the  Gooch  crucible  after  washing. 


Sample 

No. 


1 

2 

3 

4 

5 

6 


7 

8 
9 

10 

11 

12 


13 

14 

15 

16 

17 

18 


Table  I.  Determination  of  Crude  Fiber 


Official  Method  Modified  Method 

1  2  Av.  1  2  Av. 

%  %  %  %  %  % 


Easily 


7.35 

7.53 

7.44 

5.54 

5.55 

5.55 

3.99 

3.95 

3.97 

2.12 

2.23 

2.18 

5.61 

5.47 

5.54 

12.16 

12.06  12.11 

Difficultly 

18.19 

18.09 

18.14 

20.87 

20.59 

20.73 

17.49 

17.63 

17.56 

16 . 56 

16.78 

16.67 

17.07 

16.82 

16.95 

15.08 

15.26  15.17 

Difficultly 

23.64 

23.61 

23.63 

21.00 

21.58 

21.29 

43.45 

44.29 

43.87 

44.42 

42.91 

43.67 

44.18 

43.80 

43.99 

34.73 

34.34 

34.54 

7.38 

7.37 

7.38 

5.58 

5.56 

5.57 

3.98 

3.93 

3.96 

2.18 

2.19 

2.19 

5.81 

5.68 

5.75 

12.27 

Filtered 

12.18 

Feeds 

12 . 23 

17.56 

17.83 

17.70 

20.81 

20 . 93 

20.87 

17.90 

17.81 

17.86 

16.66 

16.68 

16.67 

17.10 

17  16 

17.13 

15.35  15.28 

Filtered  Feces 

15.32 

23.05  22.79  22.92 

19.86  20.00  19.93 

43.51  43.74  43.63 

42.64  42.84  42.74 

42.70  42.92  42.81 

33.70  33.95  33.83 


Comparison 

of 

Methods 

% 


-0.06 
+  0.02 
-0.01 
+  0.01 
+  0.21 
+  0.12 


-0.40 
+  0.14 
+  0.30 
0.00 
+  0.18 
+0.15 


-0.71 

-1.36 

-0.24 

-0.93 

-1.18 

-0.71 


There  was  close  agreement  between  the  two  methods  for 
feeds  which  were  difficult  to  filter,  except  for  sample  7.  This 
sample  contained  considerable  quantities  of  hempseed  meal 
and  was  very  difficult  to  filter  by  the  official  method,  iequii- 
ing  filtration  by  suction  overnight.  It  was  readily  filtered 
by  the  modified  method,  but  gave  results  somewhat  lower 
than  by  the  official  method. 

Table  I  shows  consistently  lower  values  but  much  closer 
agreement  between  duplicates  for  the  modified  method  than 
the  official  method  as  applied  to  feces.  The  authors  believe 
that  the  values  obtained  by  the  official  method  on  samples 
which  are  difficult  to  filter  are  subject  to  question  because  of 
the  long  delay  in  the  filtering  process.  It  may,  therefore,  be 
assumed  that  the  modified  method  is  more  nearly  correct  for 
these  samples. 

Conclusions 

The  use  of  potassium  sulfate  in  the  filtration  of  the  crude 
fiber  after  alkali  digestion  reduced  the  filtration  and  washing 
time  to  the  normal  on  all  difficultly  filtered  samples  studied. 

The  modified  method  gave  the  same  per  cent  of  fiber  except 
in  the  case  of  feces  and  in  the  sample  containing  hempseed 
meal.  Results  by  the  modified  method  in  these  cases  were 
lower  but  are  believed  to  be  more  nearly  correct. 

Duplicates  filtered  rapidly  by  the  modified  method  show 
closer  agreement  than  those  filtered  slowly  by  the  official 
method. 
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Test  for  Residual  Chlorine 

Use  of  Adsorption  Reaction  between  Iodine  and  Alpha-Naphthoflavone 

F.  J.  HALLINAN 

Division  of  Laboratories  and  Research,  New  York  State  Department  of  Health,  Albany,  N.  Y. 


THE  influence  of  pH  and  iodide-ion  concentration  on  the 
accuracy  of  iodometric  tests  for  residual  chlorine  in 
water  has  been  noted  by  Gilcreas  and  Hallinan,  who  devised 
a  direct  colorimetric  technique  in  which  a-naphthoflavone 
(7,  8-benzoflavone)  is  used  as  an  indicator  (S).  This  method 
is  particularly  valuable  in  routine  control  of  the  chlorination 
process,  in  that  the  essential  reactions  are  practically  un¬ 
affected  by  amounts  of  nitrites,  ferric  iron,  and  colloidal  manga¬ 
nese  dioxide  likely  to  be  encountered ;  but  it  is  influenced  by 
chlorine  adsorption  compounds  and  by  colored  or  turbid  mat¬ 
ter  somewhat  as  is  the  well-known  o-tolidine  test,  although 
in  each  case  a  comparator  system  is  used  to  compensate  color 
and  turbidity.  Where  either  is  excessive,  however,  as  in 
sewage  and  trade  wastes,  and  where  attempts  are  to  be  made 
to  differentiate  the  more  active  chlorine  compounds  from 
organic  chloramines  or  adsorption  compounds,  a  supplementary 
technique  is  needed.  Such  a  technique  should  be  applicable 
at  least  to  a  rough  approximation  at  the  low  concentrations 
of  hydrogen  and  iodide  ions  that  may  aid  the  differentia¬ 
tion.  It  is  the  purpose  of  this  presentation  to  describe  an 
iodometric  test  for  chlorine  that  may  be  used  under  these 
circumstances. 

Colored  matter  in  water  is  usually  in  solution  and  thus  is 
separable  by  filtration  from  the  water-insoluble  iodine- 
adsorption  compound  formed  in  the  a-naphthoflavone  test, 
while  sources  of  turbidity  are  usually  insoluble  in  alcohol, 
which  may  be  used  subsequently  to  dissolve  the  adsorption 
compound.  The  iodine  would  appear  separable  also  from  in¬ 
terfering  oxidizing  agents,  which  are  unlikely  to  be  both  in¬ 
soluble  in  water  and  soluble  in  alcohol.  The  influence  of 
a-naphthoflavone  upon  the  color  of  the  alcoholic  solution  is 
negligible  unless  the  reagent  has  deteriorated,  as  when  left 
in  sunlight  for  a  considerable  time.  Care  should  be  taken  to 
guard  against  photochemical  decomposition  of  either  the  in¬ 
dicator  or  the  potassium  iodide.  Furthermore,  it  would  seem 
that  conditional  hydrogen  and  iodide-ion  concentrations  could 
be  dropped  close  to  the  threshold  for  the  a-naphthoflavone 
adsorption  reaction : 

Cl2  +  21-  +  x  C19H1202  — >  2C1-  +  Is  .  x  Cl9H1202  (1) 

and  possibly  provide  a  differentiation  of  chlorine  from  organic 
chloramines  or  chlorine  adsorption  compounds  for  some  par¬ 
ticular  reaction  time.  A  distinct  advantage  of  the  proposed 
system  is  freedom  of  the  final  iodine  determination  from  the  in¬ 
fluence  of  such  conditional  hydrogen  and  iodide-ion  concentra¬ 
tions  used  initially. 

Standard  Technique 

Fifty  milliliters  of  chlorine  solutions  of  known  concentrations 
were  treated  with  a  dry  mixture  of  potassium  iodide  and  buffer. 
[Unless  otherwise  noted,  pH  6.7  and  20  grams  of  potassium 
iodide  per  liter  of  sample  were  used.  Buffers  were  chosen  to 
avoid  calcium  precipitation  and  unnecessary  increase  in  chlorine 
demand.  Per  liter  of  sample  the  following  amounts  of  buffers 
were  used:  pH  6.7,  20  grams  of  potassium  sodium  tartrate;  pH 
8.9,  16  grams  of  sodium  diethyl  barbiturate,  3  grams  of  potassium 
sodium  tartrate,  and  1  gram  of  potassium  hydrogen  tartrate; 
pH  10.0,  20  grams  of  sodium  diethyl  barbiturate  (barbital-sodium). 
In  a  few  instances  ammonia-acetic  acid  buffer  was  used  to  give 
pH  8.9:  20  ml.  of  mixture  of  5  molar  ammonium  hydroxide  with 
5  molar  acetic  acid.] 

This  was  dissolved  as  rapidly  as  possible  and,  after  2  minutes, 
0.5  ml.  of  a  0.2  per-cent  solution  of  a-naphthoflavone  in  95  per 


cent  ethyl  alcohol  was  admixed.  After  3  minutes’  contact,  the 
adsorption  compound  was  coagulated  by  violent  agitation  for  a 
few  seconds  and  collected  immediately  on  hard  paper  in  a  Gooch 
crucible  with  the  aid  of  vacuum.  The  first  available  portion  of 
clear  filtrate  was  tested  for  unadsorbed  iodine  with  a  fresh  portion 
of  indicator.  If  any  was  found,  the  products  were  discarded  and 
the  procedure  was  repeated  with  an  appropriate  smaller  portion 
of  sample  diluted  to  50  ml.  with  chlorine-zero  water  so  that  the 
indicator  would  be  in  excess.  The  precipitate  was  washed  with 
about  2  ml.  of  chlorine-zero  water,  the  filtrate  and  washings  were 
discarded,  the  residue  was  then  dissolved,  and  the  filter  was 
washed  with  about  5  ml.  of  0.1  per  cent  alcoholic  solution  of 
potassium  iodide. 

The  yellow  solution  was  compared  with  permanent  color 
standards  prepared  from  inorganic  solutions  as  described  in 
Table  I,  by  viewing  longitudinally  in  flat-bottomed  shell  vials, 
13  mm.  in  outside  diameter,  using  north  light  reflected  from  a 


Table  I.  Preparation  of  Permanent  Color 
Standards 


Chlorine  in  50-MI.  Sample 
P.  p.  m. 

0.00 

0.05 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.80 


Color  Solution0 
Ml. 

0.08 

0.38 

0.70 

1.30 

1.91 

2.52 

3.15 

3.78 

5.00 


“  Potassium  chloroplatinate  (KjPtCh)  2.0  grams;  copper  sulfate  (CuSOi.- 
5H20)  3.75  grams;  concentrated  sulfuric  acid  2.5  ml.;  concentrated  hydro¬ 
chloric  acid  100  ml.;  dissolved  in  distilled  water  and  diluted  to  1  liter. 
Amounts  of  color  solution  given  are  diluted  to  5.0  ml.  with  distilled  water. 


white  matte  surface.  [The  values  given  in  Table  I  are  ap¬ 
proximate  for  conditions  of  maximal  recovery  (pH  6.7) .  They 
should  be  compared  with  chlorine  standards  and  modified 
or  simply  recalibrated  as  necessary  for  the  particular  technique 
and  reagents.  Apparently,  little  error  is  introduced  by  sub¬ 
stitution  of  different  lots  of  the  potassium  sodium  tartrate  or 
of  indicator  or  even  indicator  properly  stored  3  years.]  As 
little  as  0.05  p.  p.  m.  of  chlorine  in  the  sample  yielded  a  per¬ 
ceptible  yellow  color  in  the  final  alcoholic  filtrate;  but  greater 
coloration  was  obtained  by  adding  p-aminodimethylaniline 
hydrochloride  to  the  alcoholic  iodine  solutions,  the  resulting 
colors  being  similar  to  those  obtained  when  the  reagent  is 
used  with  chlorine  as  described  by  Byers  and  Mellon  ( 2 ). 
The  interfering  substances  discussed  in  their  report  ( 2 ), 
ferric  and  nitrite  ions,  and  also  oxidized  manganese  are  elimi¬ 
nated  by  this  technique.  In  the  author’s  experience  the  stabil¬ 
ity  of  the  p-aminodimethylaniline  hydrochloride  reagent, 
either  dry  or  in  solution,  did  not  compare  favorably  with  that 
of  either  o-tolidine  or  a-naphthoflavone.  Accordingly,  as  the 
resulting  increased  sensitivity  seemed  of  little  value,  no  at¬ 
tempt  was  made  to  develop  a  definite  procedure  for  its  use. 

Since  pH  and  iodide-ion  concentration  might  influence 
either  the  rate  of  oxidation  of  iodide  by  chlorine  or  the  sub¬ 
sequent  adsorption  of  iodine  by  the  indicator,  these  factors 
were  varied  in  a  few  comparative  chlorine  tests  by  this  tech¬ 
nique  using  the  standard  o-tolidine  test  (I)  to  give  a  basic 
estimate  of  chlorine  content.  The  results  given  in  Table  II 
may  be  taken  as  a  rough  indication  of  what  may  be  expected. 
In  any  case,  chlorine  controls  should  be  made  with  the  actual 
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Table  II.  Comparative  Chlorine  Values  with  c*-Naphtho- 
flavone  Filtration  Technique 


pH 


6.7 


Actual"1 

Chlorine 

Range 

KI  Min.  Max. 

G./ 

liter 


8.9 


10.0 


Apparent  Chlorine  -f  Actual  Chlorine 
Concentration,  R 


20 

0 

24 

0 

32 

0 

96 

0.85 

1 

08 

0 

96 

1 

20 

0 

75 

0 

80 

0 

81 

1.07 

92 

1 

0 

22 

0 

24 

0 

93 

1.00 

0 

1 

0 

50 

0 

70 

0 

96 

0.96 

20 

0 

28 

0 

28 

0 

89 

(0.67)6 

(0 

70)6 

20 

0 

80 

0 

90 

0 

83 

0.75 

(0 

58)6 

1 

0 

28 

0 

28 

0 

79 

(0.72)6 

(0 

72)6 

1 

0 

70 

0 

70 

0 

81 

20 

0 

26 

0 

.26 

0 

.85 

(0 

75)6 

20 

0 

80 

0 

90 

0 

63 

0T3 

i7)6 

(0 

1 

0 

27 

0 

28 

0 

54 

0.56 

(0 

1 

0 

72 

0 

80 

0 

69 

0.78 

(0 

71)6 

19 


Mean 

R 


1.01 
0.94 
0.95 
0.96 

0.89 

0.79 

0.79 

0.81 

0.85 
0.68 
38) c  0.55 
0.74 


ditions. 

b  Ammonia-acetic  acid  buffer  used. 

^With  second  lot  of  barbital.  None  of  parenthetic  values  enters  mean. 


None  of  parenthetic  values  enters 


Table  III.  Chlorine  Equivalent  of  Iodine  Liberated  by 
Colloidal  Manganese  Dioxide 

(With  20  grams  of  potassium  iodide  per  liter  of  sample.  Single  observations) 


—  Manganese  Dioxide 

as  P.  p.  m. 

Manganese— 

10.0 

pH 

0.0 

0.625 

1.25 

2.5 

5.0 

P.  p.  m. 

P.  p.  m. 

P.  p.  in. 

P.  p.  m. 

P.  p.  in. 

P.  p.  in . 

6  7 

0.02 

0.02 

0.03 

0.07 

0.15 

0.50 

8.9 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

reagents  in  use  at  the  time  and  should  include  tests  with 
known  chlorine  concentrations  at  pH  and  iodide-ion  concen¬ 
trations  covering  the  ranges  to  be  employed. 

The  method  has  been  found  useful  in  determining  the  chlo¬ 
rine  demand  of  tannery  wastes  too  highly  colored  for  direct 
colorimetric  or  titrimetric  tests.  The  oxidizing  action  of 
highly  colored  manganese  dioxide  sols  (prepared  in  the  manner 
previously  used,  4)  on  potassium  iodide  was  also  studied, 
with  results  shown  in  Table  III ;  pH  6.7  represents  the  thresh¬ 
old  for  interference  in  about  2  minutes’  reaction  time  with 


0.5  p.  p.  m.  of  manganese  (4)  at  the  iodide  concentration 
found  optimum  for  colorimetry  (S)  and  employed  here.  There 
appears  to  be  a  concomitant  variation  in  the  concentration 
of  manganese  used  and  consequent  liberated  iodine.  The 
observations  at  pH  8.9  agree  with  those  made  by  the  direct 
colorimetric  test  (S)  in  showing  no  interference. 

Summary 

When  potassium  iodide  and  a-naphthoflavone  are  added  to 
chlorinated  water,  the  iodine  liberated  is  rapidly  adsorbed 
from  solution  by  the  colloidal  indicator  and  may  be  separated 
from  water-soluble  colored  matter  by  filtration.  The  pre¬ 
cipitate  may  be  dissolved  in  a  volume  much  smaller  than  that 
of  the  original  sample  by  passing  alcoholic  potassium  iodide 
solution  through  the  filter,  which  retains  any  insoluble  ma¬ 
terial.  The  yellow  iodine  solution  may  be  compared  with 
permanent  color  standards  calibrated  against  known  concen¬ 
trations  of  chlorine.  This  procedure  is  useful  in  the  examina¬ 
tion  of  highly  colored  sewages  and  trade  wastes,  and  in 
investigations  of  the  effect  of  variations  in  pH  and  iodide  con¬ 
centration  on  the  reactions  of  interfering  substances.  The 
addition  of  p-aminodimethylaniline  hydrochloride  for  in¬ 
creased  coloration  is  permissible,  since  interfering  substances 
such  as  nitrite,  oxidized  iron,  or  manganese  have  been 
eliminated  but  this  reagent  is  relatively  unstable. 
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Analysis  of  Black  Enamels 

S.  E.  BERKENBLIT,  Board  of  Transportation,  City  of  New  York,  New  York,  N.  Y 


THE  analysis  of  black  enamels  and  paints  containing 
small  proportions  of  pigment  which  consists  entirely  of 
carbon  presents  considerable  difficulty. 

Enamels  of  this  type  are  used  for  painting  passenger  cars 
of  the  Independent  Subway  System  operated  by  the  City  of 
New  York— for  example,  Underframe  Black  enamel  is  ap¬ 
plied  on  equipment  under  the  body  of  the  car,  and  Hand  Rail 
Black  enamel  is  used  for  painting  the  grab  handle  and  step 
at  the  end  of  the  car  and  exposed  galvanized  iron  parts.  A 
Sign  Box  Black  enamel  is  used  inside  the  destination  sign  box, 
and  a  Striping  Black  enamel  for  painting  a  stripe  between  two 
different  colors  on  a  painted  surface. 

These  enamels  usually  contain  from  2  to  4  per  cent  of  pig¬ 
ment  and  96  to  98  per  cent  of  vehicle.  The  pigment  consists 
entirely  of  carbon,  either  carbon  black  or  lampblack,  and  the 
vehicle  is  a  varnish  containing  synthetic  or  fossil  gums. 

Considerable  difficulty  has  been  experienced  in  this  labora¬ 
tory  in  obtaining  a  clean-cut  separation  of  the  pigment  from 
the  vehicle  and  in  determining  the  correct  amount  of  pigment 
in  the  sample.  Because  of  the  small  proportion  of  pigment 
present,  a  slight  variation  in  the  weight  of  the  extracted  pig¬ 
ment  produces  a  considerable  error  in  the  final  result. 


Existing  Methods 

All  attempts  to  separate  the  pigment  from  the  vehicle  by 
the  method  of  the  American  Society  for  Testing  Materials  en¬ 
treating  the  sample  with  a  standard  mixture  of  solvents  and 
centrifuging — proved  unsuccessful,  as  the  carbon  remains  in 
suspension  and  no  amount  of  centrifuging  will  cause  it  to 
settle  to  the  bottom.  Attempts  to  filter  off  the  carbon  were 
also  unsuccessful,  as  it  is  so  finely  divided  that  it  goes  through 
the  filter  paper.  In  addition  it  was  found  that  the  solvents 
employed  in  the  above  mixture  precipitate  the  gums  present 
in  the  vehicle.  Subsequent  treatments  with  additional  sol¬ 
vents  failed  to  redissolve  the  precipitated  gums,  as  a  result 
of  which  the  pigment  values  obtained  were  as  much  as  100  per 
cent  too  high. 

Similar  results  were  obtained  by  using  the  extraction  mix¬ 
ture  consisting  of  benzene,  methyl  alcohol,  and  acetone, 
recommended  by  Gardner  {2)  for  blue  and  green  paints. 
Unsatisfactory  results  were  also  obtained  by  following  the 
method  recommended  by  Gardner  (2,  p.  951)  for  determining 
the  pigment  in  black  baking  enamels  i.  e.,  diluting  the  sample 
liberally  with  benzene,  settling,  and  filtering  or  centrifuging. 
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In  addition  to  the  above  extraction  mixtures,  other  solvents 
were  used  to  obtain  a  complete  separation  of  the  pigment  from 
the  vehicle,  such  as  methyl  isobutyl  ketone,  Cellosolve 
(ethylene  glycol  monoethyl  ether),  and  methyl  Cellosolve, 
but  in  each  case  the  separation  of  the  pigment  from  the 
vehicle  was  incomplete  and  the  carbon  invariably  remained  in 
suspension. 

The  method  developed  by  the  writer  gives  a  complete 
separation  of  the  vehicle  oils  and  resins  from  the  pigment  and 
eliminates  the  troublesome  suspensions  of  the  carbon  in  the 
extraction  mixture.  It  has  now  been  in  use  in  the  laboratory 
of  the  Board  of  Transportation  of  the  City  of  New  York  for 
about  2.5  years  and  has  given  entirely  satisfactory  results. 

Procedure 

Weigh  from  6  to  7  grams  of  the  paint  into  a  weighed  centrifuge 
tube  of  60-cc.  capacity.  Add  about  25  cc.  of  an  extraction  mix¬ 
ture,  consisting  of  4  parts  of  mineral  spirits  and  6  parts  of 
petroleum  ether,  mix  thoroughly  with  a  glass  rod,  add  more  ex¬ 
traction  mixture  to  make  a  total  of  50  cc.,  and  centrifuge  for  15  to 
20  minutes  at  a  speed  of  about  2000  r.  p.  m.,  or  until  the  pigment 
has  well  settled.  Decant  the  clear  supernatant  liquid  and  repeat 
the  extraction  twice  with  the  same  extraction  mixture.  This 
treatment  will  dissolve  the  oils  and  part  of  the  gums  and  resins 
present  in  the  vehicle  of  the  paint.  The  balance  of  the  gums  will 
be  precipitated  and  will  thereby  carry  down  the  suspended  carbon 
particles,  leaving  a  clear  supernatant  liquid. 

After  decanting  the  supernatant  liquid,  treat  the  gummy  resi¬ 
due  in  the  centrifuge  tube  with  about  20  cc.  of  a  50-50  mixture  of 
acetone  and  ethyl  ether  and  stir  thoroughly  with  the  glass  rod  to 
break  up  all  the  lumps.  To  this  add  sufficient  of  the  mineral 
spirits-petroleum  ether  mixture  used  above  to  bring  the  volume 
to  50  cc.  and  centrifuge  again  for  15  to  20  minutes.  Repeat  the 
extraction  two  or  three  times  with  the  acetone-ethyl  ether  solvent 
mixture  followed  by  the  mineral  spirits-petroleum  ether  mixture, 
or  until  the  extraction  liquid  appears  free  from  color.  These 
extractions  will  remove  the  greater  part  of  the  gums  from  the 
residue,  but  some  will  still  remain  occluded  in  the  carbon. 

Transfer  the  entire  residue  of  carbon  and  gums  from  the  centri¬ 
fuge  tube  into  an  Erlenmeyer  flask  and  saponify  with  75  cc.  of 


N  alcoholic  potassium  hydroxide  under  a  reflux  condenser  for 
about  3  hours.  Let  stand  for  1  hour  to  allow  the  carbon  to  settle 
as  much  as  possible,  then  decant  the  alkaline  liquid  through  a 
weighed  and  previously  ignited  Gooch  crucible,  and  wash  the 
residue  in  the  crucible  with  a  50-50  mixture  of  alcohol  and  acetone 
to  remove  the  last  traces  of  gums  and  resins.  Continue  washing 
until  all  alkaline  salts  are  washed  out,  dry  the  Gooch  crucible  in 
the  air  oven,  and  weigh.  The  difference  between  this  weight  and 
that  of  the  crucible  will  give  the  weight  of  the  carbon  plus  any 
mineral  matter  present.  Ash  the  carbonaceous  residue  in  the 
crucible,  cool,  and  weigh  again.  The  loss  in  weight  obtained  will 
represent  the  weight  of  the  carbon  removed  by  ignition,  which  is 
calculated  to  percentage  on  the  basis  of  the  sample  taken  for 
analysis. 

In  following  this  method  it  is  important  to  use  the  solvents 
in  the  extraction  mixtures  in  the  proportions  indicated,  as 
slight  deviations  from  these  proportions  will  make  it  im¬ 
possible  to  break  up  the  carbon  suspensions. 

The  ease  with  which  the  separation  of  the  carbon  from  the 
vehicle  in  this  type  of  enamels  can  be  accomplished  depends 
to  a  great  extent  on  the  nature  of  the  gums  and  resins  em¬ 
ployed  in  the  vehicle.  With  some  enamels,  such  as  those  with 
a  glyceryl  phthalate  base,  it  may  be  preferable  to  saponify 
the  sample  directly,  omitting  the  preliminary  treatment  with 
solvents  in  the  centrifuge. 

Results  of  analyses  by  the  above  method  were  found  to 
check  within  0.2  to  0.3  per  cent. 
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Iron  Content  of  Bread  and  Bread  Ingredients 

CHARLES  HOFFMAN,  T.  R.  SCHWEITZER,  AND  GASTON  DALBY 
Ward  Baking  Company,  New  York,  N.  Y. 


INCREASING  attention  is  being  paid  to  the  mineral  con¬ 
stituents  of  foodstuffs,  and  among  these  iron  is  one  of  the 
most  important.  Considerable  work  has  been  done  on  the 
determination  of  iron  in  various  types  of  food,  feeds,  and  bio¬ 
logical  materials.  Discrepancies  in  the  reported  results  may 
be  due  to  the  analytical  method  rather  than  to  actual  differ¬ 
ences  in  total  iron  content,  especially  in  the  case  of  prepared 
foods  such  as  bread. 

During  a  study  of  the  iron  content  of  a  special  cereal  product 
it  was  found  that  the  sum  of  the  iron  contents  of  the  in¬ 
gredients  was  much  greater  than  the  iron  content  of  the 
finished  cereal.  Since  the  colorimetric  determination  used  was 
identical  in  all  cases,  the  most  reasonable  explanation  for  the 
discrepancy  was  a  loss  of  iron  during  ashing.  In  view  of  the 
fact  that  some  iron  salts  volatilize  even  at  the  lowest  ashing 
temperatures,  a  loss  of  iron  in  products  of  varied  composition 
is  not  unexpected. 

Farrar  (2)  used  calcium  carbonate  to  prevent  the  volatiliza¬ 
tion  of  ferric  chloride  during  the  ashing  process.  Jackson  ( 6 ), 
in  a  critical  study  of  ashing  methods,  found  that  the  use  of 
calcium  carbonate  was  not  satisfactory,  and  recommended  a 
wet-ashing  method  using  nitric,  sulfuric,  and  perchloric  acids. 
In  an  attempt  to  find  a  simple  and  accurate  method  for  ash¬ 
ing,  various  procedures  were  studied  in  this  laboratory,  and 


it  was  found  that  sodium  hydroxide  solution  added  to  the 
sample  before  ashing  prevented  the  loss  of  iron.  A  series  of 
determinations  in  which  the  quantity  of  caustic  solution  was 
varied  indicated  the  value  of  this  modification  of  the  ashing 
procedure.  This  method  of  ash  treatment  assures  that  all 
portions  of  the  sample  are  in  contact  with  the  alkali.  Samples 
covered  with  calcium  carbonate  before  ashing  may  not  be 
uniformly  alkalinized.  The  use  of  nitric,  sulfuric,  and  per¬ 
chloric  acids  in  a  wet-ashing  procedure  will  no  doubt  retain 
all  the  iron  originally  present  in  the  sample,  but  the  sodium 
hydroxide  ashing  method  offers  simplicity  and  ease  of  manipu¬ 
lation  as  well  as  apparent  accuracy. 

After  ashing,  the  thiocyanate  colorimetric  determination 
described  by  Winter  (10)  was  followed.  The  method  has  been 
used  in  this  laboratory  for  a  period  of  years.  The  results  have 
been  consistent  and  have  agreed  excellently  with  bioassays 
for  iron  on  wheat  products  where  the  availability  of  the 
iron  is  usually  considered  to  be  100  per  cent.  Saywell  and 
Cunningham  (7)  found  close  agreement  between  the  thio¬ 
cyanate  and  o-phenanthroline  colorimetric  procedures.  Gray 
and  Stone  (4)  compared  thiocyanate  and  dipyridyl,  and 
found  that  the  two  colorimetric  methods  gave  close  checks. 
Comparisons  of  the  various  colorimetric  methods  have  not 
been  made  in  connection  with  this  study,  as  it  was  felt  that 
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the  selection  of  the  most  generally  satisfactory  colorimetric 
reagent  can  be  made  most  conclusively  by  a  collaborative 
project.  The  essential  point  of  this  report  as  regards  analy¬ 
sis  is  the  simplified  ashing  procedure,  not  the  actual  colori¬ 
metric  determination. 

Method 

Take  1  gram  of  sample  and  place  in  a  high-quality  silica  ashing 
dish.  Add  5  ml.  of  1  A  sodium  hydroxide  solution  per  gram  of 
sample,  mix  thoroughly  with  the  material,  dry  in  a  100°  C.  oven, 
and  ash  in  an  electric  muffle  at  low  redness.  In  some  cases  where 
the  iron  content  is  low  it  is  convenient  to  use  more  than  a  1-gram 

sample.  ,  „  .  .  ,  ,  .  , 

The  iron  standards  were  prepared  from  iron  wire  ot  highest 
purity.  Blanks  on  all  reagents  indicated  no  measurable  quantity 
of  iron  present  as  impurities.  The  sodium  hydroxide  solution 
was  prepared  from  electrolytic  caustic  and  tests  indicated  that 
it  did  not  contain  iron,  at  least  in  quantities  that  affect  this  de¬ 
termination. 

Figure  1  shows  the  variation  in  iron  content  when  deter¬ 
minations  were  made  on  the  same  material  with  increasing 
quantities  of  caustic  solution,  the  indicated  number  of  milli¬ 
liters  of  1  N  sodium  hydroxide  being  added  to  1  gram  of  sample 
before  ashing.  After  the  maximum  iron  content  was  reached, 
no  further  increase  with  additional  caustic  solution  was 
shown.  This  was  added  proof  that  the  use  of  caustic  had  not 
introduced  an  error. 


Figure  1.  Variation  of  Iron  Content  with  Addition  of 
Sodium  Hydroxide 


White  bread  with  a  pH  of  5.5  and  containing  chlorides  and 
other  minerals  serves  excellently  to  illustrate  the  loss  of  iron 
on  dry-ashing  when  the  alkaline  ashing  procedure  is  not  used, 
as  shown  in  Tables  I  and  II.  The  same  sample  was  used  for 


Table  I.  Effect  of  Alkaline  Ashing  Procedure  on  Iron 


Found  in  White  Bread 

1  N  NaOH 

Iron  Found 

White  Bread 

Added 

Gram 

Ml. 

Mg. 

1 

0 

0.0153 

i 

5.0 

0.0181 

Table  II.  Recovery  of  Iron  Added  to  White  Bread  before 

Ashing 

(1  gram  of  air-dried  bread,  with  and  without  alkaline  ashing  procedure) 


Iron 

Iron 

1  N  NaOH 

-Iron - — > 

Present 

Added 

Added 

Calcd. 

Found 

Loss 

Mg. 

Mg. 

Ml. 

Mg. 

Mg. 

% 

0.0181 

0 . 0227 

0 

0.0408 

0.0317 

23 

0.0181 

0.0227 

5.0 

0 . 0408 

0.0408 

0 

0.0181 

0.0453 

0 

0 . 0634 

0.0295 

53 

0.0181 

0 . 0453 

5.0 

0.0634 

0  0634 

0 

Table  III.  Iron  Content  of  Bread  and  Bread  Ingredients 


(Mg.  of  iron  per  100  grams  of  material) 


Sodium 

Hydroxide 

Literature 

Ashing 

Method 

Data 

Breads 

White 

Mg. 

Mg. 

Dry  basis 

38%  moisture  basis 
Whole-wheat 

1.8 

1.1 

1.27  (9),  1.07  («),  1.00  (1)' 

Dry  basis 

38%  moisture  basis 

Rye 

5.4 

3.3 

1.93  (9),  3.43  18),  1.75  (1) 

Dry  basis 

3.7 

38%  moisture  basis 

Flours 

2.3 

1.60  ( 1 ) 

White,  0.44%  ash,  13.25%  mois¬ 
ture 

Clear,  0.72%  ash,  13.00%  mois¬ 

1.3 

1.73  (9),  1.00  (8),  0.9  (1) 

ture 

Whole-wheat,  1.90%  ash, 

2.0 

2.50  (I) 

10.00%  moisture 

Rye  (medium),  1.15%  ash, 

5.0 

10.00%  moisture 

Wheat  products 

Wheat  germ,  4.35%  ash,  11.00% 

2.6 

2.83  (1) 

moisture 

Red  Dog  flour,  2.80%  ash, 

10.0 

11.00%  moisture 

Bran,  7.40%  ash,  10.00%  mois¬ 

10.7 

28.3  (3),  8.52  (1) 

ture 

12.7 

Cereals 

Oatmeal 

8.0 

5.1  (9),  6.5  (3),  3.8  ( 1 ) 

Yellow  cornmeal 

Special  cereal  (U.  S.  Patent 

7.4 

6.8  (3),  1.3  (1) 

2,041,129) 

Miscellaneous  bakery  ingredients 

11  9f> 

Baker’s  yeast,  30%  solids 

3 . 1 

Nonfat  milk  solids 

Molasses  (highest  grade),  1.25% 

2. 1 

3.2  (5) 

ash,  25%  solids 

Commercial  egg  yolk 

10.7 

Dry  basis 

54%  moisture  basis 

11 .7 

5.4 

6 . 52  (9),  7 . 6  (1) 

Raisins 

2.8 

3.80  (8) 

Honey  (medium  dark) 

3.2 

1.15  (1) 

a  Bridges  reference  is  compiled  data.  . 

i>  Bioassay  conducted  by  Walter  H.  Eddy  of  Teachers  College,  Columbia 
University,  showed  11.8  mg.  of  iron  per  100  grams  of  material. 


the  determinations  in  both  tables,  and  the  iron  found  by  the 
alkaline  ashing  procedure  in  Table  I  was  used  in  calculating 
the  total  iron  present  in  the  recovery  experiments.  The  use 
of  the  alkaline  ashing  procedure  ensures  complete  recovery  of 
added  iron,  whereas  dry-ashing  without  added  caustic  gives 
erratic  results. 

Comparisons  of  the  iron  content  of  various  types  of  bread 
and  bread  ingredients  with  results  reported  in  the  literature 
are  presented  in  Table  III.  In  wheat  products  the  quantity 
of  iron  bears  a  close  relationship  to  the  ash  content.  When 
reporting  iron  in  flour  it  is  important,  therefore,  to  indicate 
the  grade  of  flour.  Iron  in  molasses  varies  markedly  with  the 
grade,  as  shown  by  Harris  et  al.  (5).  The  iron  content  of  com¬ 
mercial  egg  yolk  tends  to  be  lower  than  the  quantity  found  in 
ggg  yolks  separated  in  the  laboratory.  This  is  explained  by 
the  impossibility  of  completely  separating  egg  white  and  egg 
yolk  on  a  commercial  scale 
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Colorimetric  Determination  of  Copper 
with  Triethanolamine 

JOHN  H.  YOE  AND  CHARLES  J.  BARTON1,  University  of  Virginia,  Charlottesville,  Va. 


THE  strong  odor  and  the  loss  of  reagent  resulting  from  the 
high  volatility  of  aqueous  ammonia  suggested  the  possi¬ 
bility  of  using  substituted  ammonias  for  the  colorimetric  de¬ 
termination  of  copper.  Several  of  the  ethanolamines  were 
tried,  and  a  spectrophotometric  study  of  the  colorimetric 
determination  of  copper  with  triethanolamine  was  then  made. 
A  comparative  study  of  the  colorimetric  determination  of 
copper  with  ammonia  was  also  made.  Only  a  few  representa¬ 
tive  results  are  reported  here. 

Apparatus  and  Reagents 

The  transmission  measurements  were  made  with  a  photoelectric 
spectrophotometer  developed  by  the  authors  ( 1 ).  The  wave 
lengths  given  are  the  average  wave  lengths  of  wave  bands  ap¬ 
proximately  10  mg  wide.  The  transmission  measurements  are 
on  the  basis  that  the  transmission  of  the  absorption  cell  contain¬ 
ing  water  or  the  reagents  (except  copper)  is  100.0  per  cent. 
The  absorption  cells  have  a  thickness  of  1.000  ±  0.005  cm.  and 
a  capacity  of  10  ml. 

A  stock  solution  of  copper  sulfate,  containing  10,000  p.  p.  m. 
of  Cu++,  was  made  by  dissolving  39.282  grams  of  c.  p.  copper  sul¬ 
fate  pentahydrate  in  enough  water  to  give  1  liter  of  solution. 
A  500  p.  p.  m.  solution,  prepared  by  diluting  the  stock  solution, 
was  used  to  make  up  most  of  the  solutions  of  lower  concentration. 

A  solution  of  triethanolamine,  Eastman  P1599,  was  made  by 
diluting  127  grams  of  the  compound  to  500  ml.  in  a  volumetric 
flask.  This  gave  a  solution  25  per  cent  by  weight. 

Analytical  grade  or  c.  p.  salts  were  used. 

Effect  of  Reagents 

Because  of  the  time  required  to  make  a  number  of  trans¬ 
mission  measurements  at  different  wave  lengths,  most  of  the 
measurements  were  made  at  625  mg,  which  is  near  the  wave 
length  of  maximum  absorption  for  copper  triethanolamine 
solutions  (650  mg)  and  copper-ammonia  solutions  (600  mg) . 


Figure  1 .  Transmission  at  625  Mg  vs.  Concen¬ 
tration  of  Triethanolamine 


The  effect  of  increasing  the  concentration  of  triethanolamine 
on  the  transmission  at  625  mg  of  a  100  p.  p.  m.  Cu++  solution 
is  shown  in  Figure  1.  The  transmission  becomes  practically 
constant  after  reaching  the  minimum  at  3.5  per  cent.  This 
represents  a  distinct  advantage  over  copper-ammonia  solu¬ 
tions.  The  transmission  at  625  mg  of  the  copper-ammonia 

1  Present  address:  National  Aluminate  Corporation,  6216  W.  66th  Place, 
Chicago,  Ill. 


solutions  was  still  diminishing  at  the  highest  ammonia  con¬ 
centration  measured  (approximately  3  molar),  as  shown  in 
Figure  2. 

Figure  3  (center)  shows  the  effect  of  a  variation  in  the  con¬ 
centration  of  triethanolamine  on  the  transmission,  at  different 
wave  lengths,  of  100  p.  p.  m.  Cu++  solutions.  The  change  in 
transmission  is  slight,  except  in  the  violet  end  of  the  spectrum. 
The  difference  could  not  be  detected  visually  in  50-ml.  Nessler 
tubes  (tail-form). 


Figure  2.  Transmission  at  625  Mg  vs.  Concentra¬ 
tion  of  Ammonia 


Figure  4  shows  transmission  curves  for  100  p.  p.  m.  copper 
solutions  containing  different  concentrations  of  ammonia. 
It  is  evident  that  an  increase  in  concentration  of  ammonia 
causes  an  increase  in  the  absorption  of  the  copper-ammonia 
solutions  in  the  red  end  of  the  spectrum  and  a  decrease  in  the 
blue. 

Effect  of  Salts 

Since  in  practice  an  acid  is  generally  used  to  dissolve  the 
sample,  salts  are  usually  present  when  the  colorimetric  deter¬ 
mination  is  carried  out.  Hence,  the  effect  of  salts  on  the 
transmission  of  the  copper  solutions  should  be  determined. 

Triethanolamine  Salts.  Figure  3  (lower)  shows  the 
change  in  the  transmission  of  a  solution  containing  100  p.  p.  m. 
of  Cu++  and  5  per  cent  triethanolamine  caused  by  triethanol¬ 
amine  nitrate.  The  triethanolamine  nitrate  solution  was  pre¬ 
pared  by  mixing  0.5  ml.  of  concentrated  nitric  acid  with  the 
copper  solution,  adding  25  per  cent  triethanolamine  solution 
until  the  blue  color  of  the  copper-triethanolamine  complex 
appeared,  and  then  adding  5.0  ml.  in  excess.  This  solution 
was  diluted  to  25.0  ml.  in  a  volumetric  flask.  An  increase  is 
observed  in  the  transmission  of  the  copper-triethanolamine 
solution  except  in  the  violet  end  of  the  spectrum.  Triethanol¬ 
amine  chloride  and  triethanolamine  sulfate  produced  a  similar 
increase  in  the  transmission  at  625  mg. 

Ammonium  Salts.  The  effect  of  ammonium  chloride,  am¬ 
monium  sulfate,  and  ammonium  nitrate  on  the  transmission, 
at  625  mg,  of  the  solutions  containing  100  p.  p.  m.  of  Cu++ 
and  5  per  cent  triethanolamine  was  determined  for  a  wide 
range  of  salt  concentration.  All  these  salts,  in  the  concentra¬ 
tion  range  1  to  20  mg.  per  ml.,  reduced  the  transmission  at 
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Figure  3.  Transmission-Wave  Length  Curves 
for  Copper-Triethanolamine  Solutions 


Figure4.  Transmission-Wave  Length  Curves  for 
Copper-Ammonia  Solutions.  Effect  of  Ammonia 
Concentration 
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Figure  6.  Test  of  Beer’s  Law  with  Copper-Ammonia 
Solutions 

Wave  length  625  mu 

625  m/z  about  2  per  cent.  Further  increases  in  the  salt  con¬ 
centration  caused  a  gradual  increase  in  the  transmission. 
Figure  3  (upper)  shows  the  change  in  the  transmission  curve 
of  a  solution  containing  100  p.  p.  m.  of  Cu++  and  5  per  cent 
triethanolamine  resulting  from  the  addition  of  ammonium 
nitrate  (4.0  mg.  per  ml.). 

The  fact  that  triethanolamine  salts  increase  the  trans¬ 
mission  of  copper-triethanolamine  solutions  at  625  m/z,  while 
ammonium  salts  cause  a  decrease,  suggests  the  advisability  of 
using  ammonia  to  neutralize  the  free  acid  before  adding  tri¬ 
ethanolamine.  For  measurements  with  a  photoelectric  spec¬ 
trophotometer  or  a  photoelectric  filter  colorimeter,  the  salt 
effect  must  be  taken  into  account  in  the  preparation  of  stand¬ 
ard  solutions  for  both  the  copper-ammonia  method  and  the 
copper-triethanolamine  method. 

The  effect  of  ammonium  nitrate  on  the  absorption  of  copper- 
ammonia  solutions  is  shown  by  Figure  5,  the  principal  effect 
being  an  increase  in  absorption  in  the  red  end  of  the  spectrum. 
This  agrees  with  the  observation  of  Goethals  (2),  who  deter¬ 
mined  the  influence  of  ammonium  bicarbonate  on  the  ab¬ 
sorption  of  copper-ammonia  solutions. 

Sodium  and  Potassium  Salts.  The  effect  of  sodium  and 
potassium  salts  on  the  transmission,  at  625  m/z,  of  a  solution 
containing  100  p.  p.  m.  of  Cu++  and  5  per  cent  triethanolamine 
is  considerably  less  than  the  effect  of  ammonium  salts.  The 
decrease  in  transmission  produced  by  20  mg.  per  ml.  of  salt 
is  as  follows:  potassium  chloride,  0.6  per  cent;  sodium 
nitrate,  0.5  per  cent;  sodium  acetate,  1.4  per  cent;  sodium 
citrate,  0.0  per  cent. 


Conformity  to  Beer’s  Law 

A  test  of  Beer’s  law  for  copper-ammonia  solutions,  Figure  6, 
shows  a  linear  relation  between  concentration  and  trans¬ 
mission  at  625  m/z,  on  a  semilogarithmic  scale,  over  the  range 
0  to  1000  p.  p.  m.  of  Cu  +  +  for  0.3  M  and  2.5  M  ammonia  solu¬ 
tions,  respectively.  Copper-triethanolamine  solutions,  how¬ 
ever,  gave  different  results.  Tests  were  made  with  1,  2,  3,  4, 
and  5  per  cent  triethanolamine  solutions.  Figure  7,  which 
shows  a  plot  of  log  transmission  at  625  m/z  against  concentra¬ 
tion  of  copper  in  3  per  cent  triethanolamine,  is  typical  of  the 
results  obtained  with  the  other  solutions.  The  curve  may  be 
resolved  into  four  parts:  (1)  a  straight  line  from  0  to  about 
60  p.  p.  m.  of  Cu++;  (2)  a  curved  portion  from  60  to  100 
p.  p.  m. ;  (3)  a  straight  line,  with  less  slope  than  that  of  the 
first  line,  extending  from  about  100  to  600  p.  p.  m.;  and  (4) 
another  curved  portion,  above  600  p.  p.  m.,  with  gradually 
increasing  deviation  from  the  straight-line  relationship.  The 
range  of  the  different  portions  of  the  curve  depends  to  some 
extent  on  the  concentration  of  triethanolamine. 
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Figure  7.  Test  of  Beer’s  Law  with  Copper-Trietha¬ 
nolamine  Solutions 

Wave  length  625  mu 

The  most  probable  explanation  of  the  anomalous  results  of 
the  Beer’s  law  test  for  copper-triethanolamine  solutions  seems 
to  be  that  a  change  in  the  composition  of  the  copper- 
triethanolamine  complex  takes  place  and  that  the  different 
complexes  have  different  absorption  coefficients  at  625  m/z. 

Comparison  of  Methods 

As  compared  to  ammonia,  the  principal  advantages  of  tri¬ 
ethanolamine  for  the  colorimetric  determination  of  copper  are: 

(1)  slightly  greater  sensitivity  at  low  concentrations  of  copper, 

(2)  smaller  effect  of  concentration  of  reagent,  (3)  no  odor,  and 
(4)  no  loss  of  reagent  by  volatilization.  Its  principal  dis¬ 
advantage  is  the  failure  of  the  colored  solutions  to  conform  to 
Beer’s  law  over  the  entire  useful  range  of  copper  concentra¬ 
tions. 
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Summary 

A  spectrophotometric  investigation  of  the  colorimetric  de¬ 
termination  of  copper  with  triethanolamine  included  a  study 
of  the  effect  of  concentration  of  the  reagent,  and  of  ammon¬ 
ium,  sodium,  and  potassium  salts  on  the  transmission  of 
copper-triethanolamine  solutions;  and  a  test  of  the  conformity 
to  Beer’s  law  at  several  concentrations  of  triethanolamine. 
A  comparative  study  of  the  ammonia  method  was  also  made. 

There  is  little  difference  in  the  sensitivities  of  the  copper- 
ammonia  and  copper-triethanolamine  methods,  though  the 
latter  is  slightly  more  sensitive  at  low  concentrations  of 
copper. 
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Identification  of  Alcohols 

By  Means  of  the  Optical  Properties  of  the  Esters  of  Carbanilic  Acid 
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THE  esters  of  carbanilic  acid,  the  phenylurethans,  have 
been  recommended  as  derivatives  for  the  identification  of 
alcohols  by  Hofmann  (2),  Snape  (6),  and  Morgan  and  Pettet 
(4).  Primary  and  secondary  alcohols  react  readily  with 
phenyl  isocyanate  to  yield  crystalline  phenylurethans.  In 
the  presence  of  moisture,  diphenyl  urea  is  also  produced. 
Some  difficulty  is  experienced  in  removing  the  latter  com¬ 
pound,  so  that  accurate  melting  points  may  be  obtained  to 
establish  the  identity  of  the  alcohol. 

This  investigation  was  undertaken  to  determine  whether  or 
not  the  optical  constants  of  the  phenylurethans  could  be  used 
to  identify  these  compounds  and  distinguish  them  from  di¬ 
phenyl  urea. 

The  phenylurethans  were  prepared  from  fifteen  normal  pri¬ 
mary  alcohols  according  to  the  directions  of  Kamm  (8),  and  were 
recrystallized  from  petroleum  ether.  (The  ethyl  alcohol  was 
produced  by  the  fermentation  process;  the  other  alcohols  were 
manufactured  synthetically.)  The  decyl,  undecyl,  and  dodecy 
esters,  after  subsequent  recrystallization  from  50  per  cent  ethyl 
alcohol,  yielded  larger  and  more  regularly  shaped  crystals. 

The  crystal  system,  optical  character,  optic  sign,  sign  of  elonga¬ 
tion,  dispersion,  and  extinction  angle  were  determined  by  the 
methods  described  by  Winchell  (7)  and  by  Chamot  and  Mason 
(1).  The  urethans  are  soluble  in  the  oils  usually  employed  toi 
immersion  liquids  in  the  determination  of  refractive  indices. 
Glycerol  and  water  and  solutions  of  potassium  mercuric  iodide  in 
glycerol  were  found  suitable  for  this  purpose. 

All  the  compounds  investigated  belong  to  the  monoclinic 
system,  and  their  optical  character  is  biaxial.  Their  other 
characteristics  are  presented  in  Table  I. 

Not  all  the  optical  data  could  be  obtained  for  each  of  the 
compounds  because  of  the  difficulty  involved  in  orienting  the 
crystals  properly.  The  determination  of  the  optical  sign  is 
difficult,  since  all  of  the  substances  investigated,  with  the  ex¬ 
ception  of  the  benzyl  ester,  have  large  optic  angles.  Of  the 
properties  investigated,  the  refractive  indices  are  the  most 
characteristic.  They  serve  to  establish  the  identity  of  the 
urethans  and  to  differentiate  them  from  diphenyl  urea.  The 
undecyl  ester  sometimes  shows  slightly  lower  indices  when  re¬ 
crystallized  from  50  per  cent  ethyl  alcohol. 

The  procedure  followed  in  identifying  an  unknown  alcohol  is 
similar  to  the  method  applied  by  Poe  and  Sellers  (5)  for  the  identi¬ 
fication  of  strychnine.  The  ester  is  prepared  and  recrystalfized 
from  petroleum  ether  and  allowed  to  dry  in  air.  A  few  of  the 
crystals  are  suspended  in  a  medium  of  a  refractive  index  coiie- 


sponding  to  the  beta  value  previously  determined  for  the  urethan 
in  question.  A  crystal  is  rotated  to  the  position  of  extinction 
with  the  long  axis  of  the  crystal  more  nearly  parallel  to  the  6 
o’clock-12  o’clock  direction  in  the  polarizing  microscope.  In  this 
position,  most  of  the  crystals  will  not  be  visible  if  the  alcohol  is 
the  one  anticipated.  The  crystal  forms  of  the  ethyl,  amyl,  hexyl, 
and  benzyl  esters  are  such  that  their  orientation  should  be  estab¬ 
lished  by  means  of  an  interference  figure  before  applying  the  test 
for  the  refractive  index. 

As  a  confirmatory  test  the  value  of  gamma,  or  (tor  the  nonyl 
ester)  alpha,  may  be  checked  in  a  similar  manner.  In  the  deter¬ 
mination  of  alpha  or  gamma,  the  long  axis  of  the  crystal  should  be 
more  nearly  parallel  with  the  3  o’clock-9  o  clock  direction  in  the 
polarizing  microscope. 

In  order  to  test  the  possibility  of  identifying  an  alcohol 
when  water  is  present,  methyl,  ethyl,  propyl,  butyl,  and  amyl 
alcohols  were  mixed  with  equal  parts  of  water  and  treated 
with  phenyl  isocyanate.  The  resulting  mixtures  ot  the 
urethans  and  diphenyl  urea  were  extracted  with  boiling 
petroleum  ether.  The  optical  characteristics  of  the  crystals 
of  the  urethans  formed  in  the  presence  of  diphenyl  urea  were 
not  altered  and  the  urethans  were  readily  identified  by  theii 
refractive  indices. 

Mixtures  of  methyl  and  ethyl,  propyl  and  isopropyl,  and 
butyl  and  isobutyl  alcohols  in  equal  proportions  were  made. 


Table  I.  Optical  Properties  of  Some  Esters  of  Carbanilic 
Acid  and  of  Diphenyl  Urea 


Ester 

Melt¬ 

ing 

Point 

Extinc¬ 

tion 

Angle 

Optic 

Sign 

Methyl 

°  C. 

47 

16 

+ 

Ethyl 

52 

20 

— 

rc-Propyl 

50 

33 

— 

n-Butyl 

57 

31 

— 

n-Amyl 

45 

45 

— 

n-Hexyl 

40 

40 

— 

n-Heptyl 

65 

44 

+ 

n-Octyl 

74 

16 

— 

n-Nonyl 

60 

36 

— 

n-Deevl 

61 

6 

— 

n -Undecyl 

52 

12 

— 

n-Dodecyl 

74 

27 

— 

Benzyl 

77 

11 

Phenyl- 

7S 

28 

+ 

ethyl 

Phenyl- 

45 

29 

+ 

propyl 

Diphenyl 

235 

40 

urea 
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Urethans  were  prepared  from  these  mixtures  and  recrystal¬ 
lized  from  petroleum  ether.  The  mixture  of  ethyl  and 
methyl  did  not  produce  crystals  characteristic  of  the  indi¬ 
vidual  urethans.  The  other  mixtures  yielded  crystals  which 
could  be  identified.  Care  must  be  exercised  to  prevent  one  of 
the  components  from  being  separated  out  by  the  solvent. 

Summary 

The  optical  crystallographic  data  for  fifteen  esters  of  car- 
banilic  acid  have  been  determined  and  compared  with  similar 
data  for  diphenyl  urea.  The  optical  properties  provide  a 
means  of  identifying  the  urethans  even  when  they  are  mixed 


with  diphenyl  urea.  A  method  for  confirming  the  identity  of 
an  alcohol  is  outlined. 
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Method  for  Analysis  of  Boiler  Scales  and  Sludges 

F.  K.  LINDSAY  and  R.  G.  BIELENBERG 
National  Aluminate  Corporation,  Chicago,  Ill. 


Detailed  procedures  are  given  which  em¬ 
ploy  colorimetric  and  turbidimetric  meth¬ 
ods  in  conjunction  with  a  Phototester  for 
the  analysis  of  boiler  deposits.  Tabula¬ 
tions  show  the  results  obtainable  with  these 
procedures  as  compared  with  time-con¬ 
suming  gravimetric  methods  involving  re¬ 
precipitation  of  the  constituents  sought. 

Owing  to  the  difficulty  normally  en¬ 
countered  in  obtaining  a  representative 
sample  from  the  large  surface  of  a  boiler, 
a  high  degree  of  analytical  accuracy  is 
usually  not  so  important  as  rapidly  and 
conveniently  obtained  knowledge  of  the 
type  of  deposit  involved. 


IN  CONSIDERING  analytical  methods  for  the  chemical 
analysis  of  a  boiler  scale,  it  is  important  to  select  pro¬ 
cedures  that  will  accurately  depict  the  type  of  chemical 
deposition  that  has  been  formed — that  is,  whether  the  deposit 
contains  unusual  amounts  of  calcium,  magnesium,  alumi¬ 
num,  iron,  silicate,  sulfate,  carbonate,  or  phosphate.  Owing 
to  the  large  amount  of  surface  area  available  in  a  boiler  on 
which  a  deposit  may  form,  two  different  samples  will  not 
check  perfectly  as  to  chemical  analysis.  If,  therefore,  a 
particular  sample  of  boiler  scale  has  a  calcium  oxide  content 
of  30.0  per  cent,  any  method  of  analysis  that  finds  a  calcium 
oxide  content  in  this  sample  of  from  29.0  to  31.0  per  cent  is 
satisfactory.  The  same  generality  applies  to  the  other  con¬ 
stituents  that  are  likely  to  be  found  in  a  boiler  deposit. 

Inasmuch  as  time  is  always  at  a  premium  in  an  analytical 
laboratory,  the  method  that  allows  the  required  degree  of  ac¬ 
curacy  in  the  shortest  time  is  the  most  desirable,  especially  for 
plant  control  purposes. 

Gravimetric  procedures,  as  applied  to  scale  analysis,  are 
usually  time-consuming.  This  is  particularly  true  with  some 
types  of  deposits.  For  example,  scales  that  contain  consider¬ 
able  phosphate  along  with  calcium,  iron,  and  aluminum  re¬ 
quire  the  addition  of  a  standard  iron  solution,  as  well  as  the 
reprecipitation  of  the  iron  and  aluminum  oxide  group  found. 
This  sort  of  analytical  procedure  when  used  solely  for  plant 
control  purposes  is  time-consuming.  If  the  reprecipitation 


step  is  omitted,  the  procedure  required  is  still  long,  and  the 
results  obtained  are  not  satisfactory. 

In  analyzing  this  type  of  scale  gravimetrically  the  usual 
procedure  is  as  follows: 

The  phosphorus  pentoxide  is  determined  on  an  aliquot  of 
the  filtrate  from  the  silica  determination.  In  precipitating  the 
iron  and  aluminum  hydroxides  from  another  aliquot  of  this 
same  filtrate,  sufficient  standard  iron  solution  to  react  with  the 
phosphorus  pentoxide  present  is  added,  followed  by  ammonia. 
In  the  precipitation  that  occurs,  the  phosphorus  pentoxide  is 
thrown  down  as  ferric  phosphate,  and  the  iron  and  aluminum 
originally  present  in  the  deposit  are  precipitated  as  hydroxides. 

The  sum  of  the  phosphorus  pentoxide  present  and  the  ferric 
oxide  added,  subtracted  from  the  ignited  precipitate,  gives  the 
amount  of  iron  and  aluminum  oxide  present  in  the  scale.  The 
ferric  oxide  is  determined  on  a  separate  aliquot  either  by  pre¬ 
cipitation  with  cupferron  or  eolorimetrically.  Subtracting  this 
result  from  the  iron  and  aluminum  oxides  found  gives  the  alumi¬ 
num  oxide  present. 

In  spite  of  the  fact  that  the  standard  iron  solution  is  pur¬ 
posely  added  to  precipitate  the  phosphate  present  and  to 
prevent  the  phosphate  from  reacting  with  and  removing 
calcium  at  this  stage  in  the  procedure,  unless  the  precipi¬ 
tate  referred  to  above  is  dissolved  and  reprecipitation  made, 
considerable  calcium  may  be  present  in  the  iron  and  alumi¬ 
num  oxide,  thereby  giving  a  final  result  that  is  too  high  in 
aluminum  oxide  and  correspondingly  low  in  the  amount  of 
calcium  oxide  found. 

In  Table  I  results  are  given  on  a  phosphate  scale  as  well 
as  on  a  known  mixture  containing  iron,  aluminum,  calcium, 
magnesium,  and  phosphorus.  Analysis  was  made  with  and 
without  the  reprecipitation  of  the  iron  and  aluminum  oxide 
group.  The  results  ®f  the  calcium  and  aluminum  deter¬ 
minations  only  are  given.  These  data  illustrate  the  neces¬ 
sity  of  employing  reprecipitation. 


Table  I.  Determination  of  Calcium  and  Aluminum 

Scale  Sample0  Synthetic  Mixture^ 
AI2O3  CaO  AI2O3  CaO 
Added,  %  ..  ..  20.0  30.0 

Found  by  gravimetric  procedure0,  %  11.7  29.1  25.3  25.1 

Found  by  gravimetric  procedure^,  %  5.4  35.5  20.8  29.3 

Found  by  simplified  procedure,  %  5.2  36.8  19.6  29.8 

°  Scale  contained  12.0%  loss  on  ignition,  6.2%  SiCh,  5.4%  AI2O3,  5.9% 
Fe203,  35.5%  CaO,  2.2%  MgO,  24.7%  P2O5,  2.5%  SO3,  1.0%  CO2,  3.9% 
Na20. 

i>  Synthetic  mixture  contained  5.0%  Fe203,  25.0%  P2O5,  2.0%  MgO,  20.0% 
AhOs,  30.0%  CaO,  10.0%  Si02,  8.0%  SO3. 

c  Procedure  involved  addition  of  standard  iron  solution  to  precipitate 
phosphate  present.  No  reprecipitation  employed. 

d  Procedure  involved  addition  of  standard  iron  solution  as  in  c.  Em¬ 
ployed  reprecipitation  of  R2O3  found. 
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Table  II.  Comparative  Analyses  of  Typical  Scales 


Sample 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


(G,  gravimetric 
Organic  Loss 


G 

S 

% 

% 

12.6 

14.2 

14.6 

16.0 

7.4 

7.2 

6.2 

7.6 

27.2 

26.2 

6.2 

5.7 

16.8 

19.7 

43.4 

44.1 

10. 1 

9.6 

13.8 

13.9 

method,  employing  reprecipitation  of  R2O3  group; 


Si02 

G  S 


% 


% 


AI2O3 
G  S 


% 


% 


Fe203 
G  S 


% 


% 


S,  simplified  procedure; 
CaO 

G  S 

%  % 


X, 

G 


both  methods  employing  same  procedure) 

MgO  SO3  CO2  P2O5 

S  G  S  X  G 


%  %  %  %  % 


% 


14.5 

14.5 

9.6 

13.6 

13.5 

8.4 

10.7 

12.1 

3.3 

13.4 

12.1 

1.1 

11.6 

11.6 

8.2 

4.9 

5.1 

0.3 

3.7 

2.2 

0.0 

1 . 1 

2.0 

3.4 

2.0 

3.2 

1.8 

7.8 

6.0 

5.7 

10.4 

7.5 

7.5 

9.0 

8.0 

8.0 

4.5 

4.5 

3.6 

0.0 

1.6 

1.6 

9.0 

9 . 5 

8.0 

0.0 

1.0 

0.1 

0.0 

44.3 

41.1 

0.0 

0.1 

0.7 

0.7 

1.0 

2.0 

3.1 

4.5 

4.0 

23. 

5 

24.5 

5. 

4 

23 

.8 

25.2 

5 

.6 

34. 

6 

34.0 

12. 

6 

34. 

.2 

34.0 

7 

.3 

19 

.3 

19.9 

6 

.7 

42 

.1 

41.3 

7 

.6 

7 

.6 

10.0 

1 

.4 

28 

.1 

29.0 

7 

,8 

42 

.7 

42.2 

6 

.4 

29 

.2 

28.6 

9 

.2 

5 . 0 
4.3 
12.0 

9.1 
5.7 

7.2 
0.1 
6.6 
5.0 

9.3 


3.4 

4.1 

4.6 
0.0 
2.9 
0.0 
0.0 
0.8 
4.0 

2.7 


2.7 

2.5 

5.0 

0.0 

2.7 
0.1 
0,0 
1.9 

4.7 
3.3 


2.0 
0.0 
23.6 
1.6 
0.0 
0.0 
1.0 
3.3 
26.8 
6  6 


17.5 

18.5 
0.0 

27.9 

12.5 
37  0 
23.8 
14.1 

5.5 

20.6 


S 

% 

16.5 
18.0 

0.0 

27.0 

12.7 

35.4 

22.6 
14.6 

5.2 

20.5 


Recent  work  in  the  authors’  laboratory  on  the  applica¬ 
tion  of  colorimetric  and  turbidimetric  methods  to  the  analy¬ 
sis  of  water  indicated  that  if  such  methods  could  be  applied 
to  the  analysis  of  boiler  scale,  the  time  required  for  analytical 
results  might  be  materially  reduced.  Considerable  time  was 
spent,  therefore,  in  a  search  of  the  literature.  Inasmuch  as 
the  authors  desired  to  determine  each  constituent  without 
first  separating  it  from  the  other  constituents  likely  to  be 
present,  every  method  studied  had  to  be  investigated  for 
possible  interference  from  constituents  other  than  the  one 
being  sought.  The  procedures  which  are  given  in  detail 
below  are,  therefore,  not  original.  Known  methods  have 
been  modified  and  assembled  to  give  a  complete  procedure 
(Figure  1)  for  the  analysis  of  boiler  scales,  which  requires  ap¬ 
proximately  only  one  third  to  one  half  the  time  required  for 
the  prolonged  satisfactory  type  of  gravimetric  analysis  re¬ 
ferred  to  above. 


SAMPLE 

POWDERED  AND 
DRIED  AT  105’ 


LOSS  ON  IGNITION 
IGNITED  AT  IOOO • 

I 

FUSED  WITH  KfOs 
I 

D/SSOL  VED  IN  HOI 

I 

NEUTRALIZED, 
MADE  UP  TO  IOO  ML. 

, I 


CARBON  DIOXIDE 

LIBERATED  WITH  ACID, 
ABSORBED  IN  ASCAR/TE 


!0  ML  MADE  UP  TO  IOO  ML. 


FERRIC  PHOSPHORUS  SILICON 
OXIDE  PENTOX1DE  DIOXIDE 

FERROUS  REDUCTION  REDUCTION 

THIOCLY-  OF  PHOSPHO ■  OF  SILICO- 

COLATE  MOLYBDATE  MOLYBDATE 


REMOVAL  OFP.O. 
WITH  Pb(N<T3'\2 


SULFUR  ALUMINUM 
TRIOXIDE  OXIDE 

BARIUM  ALUMINUM 
SULFATE  AURIN  TRICAR- 
BOXYLATE 


CALCIUM  OXIDE  MAGNESIUM  OXIDE 

CALCIUM  TITAN  YELLOW  ADSORPTION 

SULFORICINOLEATE  BY  MAGNESIUM  HYDROXIDE 


Figure  1.  Procedure  Outline  for  Simplified  Method 


This  procedure  also  permits  the  use  of  a  much  smaller 
sample.  When  it  is  desired  to  analyze  a  deposit  from  a  defi¬ 
nite  spot,  particularly  of  a  high-pressure  boiler  where  the 
amount  of  deposit  formed  is  almost  negligible,  smallness  of 
sample  required  becomes  important.  It  also  makes  the 
method  of  value  to  research  studies  on  boiler  operation,  where 
because  of  the  type  and  size  of  experimental  boiler  com¬ 
monly  used,  the  amount  of  scale  formed  may  be  small. 

In  the  simplified  method  the  dried  sample  is  ignited,  fused 
with  potassium  carbonate,  dissolved  in  dilute  hydrochloric 
acid,  neutralized  with  sodium  hydroxide,  and  made  up  to 
definite  volume.  An  aliquot  is  taken  for  each  constituent  to 
be  determined,  and  the  proper  reagents  are  added  to  develop 
either  a  color  or  a  turbidity  which  is  proportional  to  the 
amount  of  the  desired  constituent  present.  This  amount 
of  color  or  turbidity  is  measured  by  means  of  the  Phototester. 
A  calibration  curve  is  used  to  obtain  per  cent  composition. 


In  Table  I  the  results  obtained  by  means  of  the  simplified 
method  are  compared  with  those  obtained  by  gravimetric 
procedures. 

Table  II  compares  the  analyses  of  a  group  of  typical  scales 
by  means  of  the  simplified  method  with  the  gravimetric 
method  employing  double  precipitation.  While  the  percent¬ 
age  error  is  high  in  some  individual  determinations,  the  re¬ 
sults  are  sufficiently  accurate  to  show  the  characteristics  of 
the  deposit  that  has  been  formed.  The  examples  given 
cover  a  wide  range  of  scale  types. 

Figure  2  shows  a  picture  of  the  Phototester  which  was  de¬ 
veloped  in  this  laboratory  to  be  used  in  conjunction  with  the 
simplified  method.  The  Phototester  operates  on  the  prin¬ 
ciple  that  the  current  which  flows  in  the  circuit  containing  a 
photoelectric  cell  is  proportional  to  the  illumination  which 
the  cell  receives.  In  the  methods  given  below  either  chemi¬ 
cal  precipitation  or  the  development  of  a  depth  of  color 
proportional  to  the  amount  of  the  constituent  present  is 
obtained.  As  either  is  increased,  light  transmission  and 
subsequent  current  generation  are  decreased.  By  the  use  of 
standard  solutions,  curves  have  been  made  by  plotting  the 
microammeter  reading  against  the  per  cent  composition.  In 
all  cases  the  color  or  turbidity  is  developed  directly  in  17-ml. 
(0.5-ounce)  test  bottles  which  are  carefully  selected  for  uni¬ 
form  transmission  of  light. 

The  Phototester  was  designed  to  be  portable;  hence,  rugged¬ 
ness  was  necessary  even  to  the  point  of  sacrificing  a  small  amount 
of  accuracy.  The  power  source  consists  of  self-contained  flash¬ 
light  batteries.  Provision  is  made,  however,  for  attaching  a 
storage  battery  or  a  bell-ringing  transformer.  The  storage 
battery  yields  the  most  constant  voltage  and  is  to  be  preferred 
when  portability  is  not  required.  Connected  in  series  with  the 
source  of  current  are  a  6-  to  8-volt  tungsten-filament  lamp,  a 
toggle-type  switch,  and  a  rheostat.  The  rheostat  is  necessary  to 
compensate  for  any  fluctuations  of  voltage  and  consequent 
deviations  of  the  microammeter  needle  from  the  zero  setting. 

The  illumination  from  the  lamp  is  directed  through  a  slot 
toward  the  photoelectric  cell.  The  test  bottle  is  placed  between 
this  slot  and  the  photoelectric  cell,  which  is  of  the  blocking-layer 
type  and  is  connected  directly  in  series  with  the  microammeter. 
A  blue  filter  is  mounted  in  front  of  the  photoelectric  cell. 

The  whole  is  contained  in  a  wooden  carrying  case,  which  has 
additional  space  for  extra  test  bottles,  calibration  curves,  and  a 
limited  number  of  reagents. 

At  present  the  Phototester  is  being  used  widely  for  mak¬ 
ing  water  analyses  both  in  the  field  and  in  the  laboratory . 

Reagents 

c.  p.  anhydrous  potassium  carbonate,  hydrochloric  acid  (1  to 
39  and  1  to  19),  and  0.5  per  cent  sodium  hydroxide. 

Fe-1  Reagent.  Add  500  ml.  of  c.  p.  concentrated  hydro¬ 
chloric  acid  to  500  ml.  of  distilled  water. 

Fe-2  Reagent.  Thioglycolic  acid  as  obtained  from  the  East- 
man  Kodak  Company,  Eastman  Catalog  No.  P-2249. 

Fe-3  Reagent.  Concentrated  ammonium  hydroxide,  c.  p. 

P-1  Reagent.  Dissolve  37.5  grams  of  c.  p.  ammonium  molyb¬ 
date  in  600  ml.  of  distilled  water,  add  300  ml.  of  concentrated  c.  p. 
sulfuric  acid,  cool,  and  make  up  to  1000  ml. 
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P-2  Reagent.  (1)  Dissolve  90  grams  of  sodium  bisulfite  in 
800  ml.  of  distilled  water.  (2)  Dissolve  7  grams  of  sodium 
sulfite,  anhydrous,  in  approximately  100  ml.  of  distilled  water. 
To  solution  2  add  1.5  grams  of  l-amino-2-naphthol-4-sulfonic 
acid,  mix  until  dissolved,  and  add  to  solution  1.  Make  up  total 
volume  to  1000  ml.  with  distilled  water. 

Si-1  Reagent.  Dissolve  75  grams  of  c.  p.  ammonium  molyb¬ 
date  in  800  ml.  of  water,  add  60  ml.  of  concentrated  c.  p.  sulfuric 
acid,  cool,  and  make  total  volume  up  to  1000  ml. 

Si-2  Reagent.  Dissolve  430  grams  of  sodium  citrate,  U.  S.  P., 
in  distilled  water,  and  add  sufficient  water  to  make  total  volume 
1000  ml. 

Si-3  Reagent.  Same  as  P-2  reagent. 

SCh-l  Reagent.  Add  500  ml.  of  c.  p.  concentrated  hydro¬ 
chloric  acid  to  500  ml.  of  distilled  water. 

SO4-2  Reagent,  c.  p.  barium  chloride  dihydrate,  20  to  30-mesh. 

Lead  nitrate  solution,  2  per  cent  in  distilled  water. 

Ca-1  Reagent.  Dissolve  80  grams  of  sodium  sulforicinoleate 
(Glyco  Products  Company  quality)  in  896  ml.  of  0.1  N  sodium 
hydroxide.  Make  up  to  1  liter  with  distilled  water. 

Ca-2  Reagent.  Dissolve  10  grams  of  oleic  acid  in  1000  ml.  of 
denatured  alcohol,  Formula  30. 

Mg-1  Reagent.  Dissolve  8.55  grams  of  calcium  carbonate  in 
hydrochloric  acid,  evaporate  to  dryness,  and  make  up  to  1000 
ml.  with  distilled  water. 

Mg-2  Reagent.  Dissolve  0.360  gram  of  Eastman’s  titan 
yellow  in  1000  ml.  of  50  per  cent  alcohol  (Formula  30). 

Mg-3  Reagent.  Dissolve  20  grams  of  sodium  hydroxide  in 
distilled  water  and  make  up  to  1  liter. 

Standard  phosphorus  pentoxide  solution  for  aluminum  oxide 
determination.  Dissolve  1.915  grams  of  potassium  dihydrogen 
phosphate  in  distilled  water  and  make  up  to  1  liter.  Forty 
milliliters  of  this  solution  made  up  to  1  liter  will  give  a  solution 
containing  0.04  mg.  of  phosphorus  pentoxide  per  ml.  (1  ml.  is 
equivalent  to  10  per  cent  phosphorus  pentoxide). 

Standard  ferric  oxide  solution  for  aluminum  oxide  deter¬ 
mination.  Dissolve  0.1965  gram  of  crystallized  ferrous  am¬ 
monium  sulfate  [FeS04.(NH4)2S04.6H20]  in  50  ml.  of  distilled 
water  and  20  ml.  of  concentrated  sulfuric  acid.  Warm  the  solu¬ 
tion  and  add  potassium  permanganate  solution  until  the  iron  is 
completely  oxidized.  Dilute  to  1  liter;  1  ml.  contains  0.04  mg. 
of  ferric  oxide  (1  ml.  is  equivalent  to  10  per  cent  ferric  oxide). 

A-l  Reagent.  Dissolve  115  grams  of  ammonium  acetate 
crystals  in  approximately  800  ml.  of  distilled  water.  Add  ap¬ 
proximately  60  ml.  of  concentrated  c.  p.  hydrochloric  acid,  suf¬ 


Figure  2.  Phototester 


ficient  to  adjust  the  pH  of  the  reagent  to  3.85.  Adjust  the  final 
volume  to  1000  ml. 

A-2  Reagent.  Dissolve  1.333  grams  of  aurin  tricarboxylic 
acid  in  approximately  10  ml.  of  ammonium  hydroxide.  Evapo¬ 
rate  to  dryness  over  a  steam  bath,  dissolve  the  evaporated  salt  in 
distilled  water,  and  make  up  to  1000  ml. 

A-3  Reagent.  Add  27  ml.  of  concentrated  ammonium  hy¬ 
droxide  to  1000  ml.  of  saturated  ammonium  carbonate  solu¬ 
tion.  Two  milliliters  of  A-l  and  1  ml.  of  A-3  made  up  to  15  ml. 
with  distilled  water  should  give  a  pH  of  7.1. 

Procedure 

Operation  of  Phototester.  Adjust  the  rheostat  of  the 
Phototester  so  that  when  the  light  is  turned  on  and  a  bottle  of 
distilled  water  is  dropped  into  place,  the  meter  will  read  zero. 
Remove  the  distilled  water  sample,  replace  it  by  the  bottle  con¬ 
taining  the  sample  in  which  color  or  turbidity  has  been  developed, 
and  make  the  reading. 

When  an  aliquot  sample  is  required,  dilute  the  sample  with 
distilled  water  up  to  full  sample  size  before  adding  the  chemical 
reagents. 

Preparation  of  Sample.  Grind  a  representative  sample  to  a 
very  fine  powder.  The  small  size  of  the  quantity  used  for 
analysis  necessitates  a  thoroughly  uniform  sample,  which  can  be 
obtained  only  through  pulverizing  the  sample  completely. 

Moisture.  Dry  the  pulverized  scale  at  105°  C.  before  weigh¬ 
ing  out  samples  for  an  analysis,  so  that  all  calculations  may  be 
made  on  the  dry  basis.  Moisture  may  be  determined  if  desired 
by  weighing  before  and  after  drying,  but  such  a  figure  is  usually 
meaningless. 

Organic  and  Volatile  Matter.  Weigh  out  accurately 
into  a  previously  weighed  platinum  crucible  40  mg.  of  dried 
material,  and  place  in  an  electric  muffle  or  over  a  burner,  taking 
care  not  to  raise  the  temperature  of  the  crucible  and  contents 
too  rapidly.  Heat  for  45  minutes  or  to  constant  weight  at  950° 
to  1000°  C.  Cool  in  a  desiccator  and  weigh. 

Mg.  of  total  loss  X  100  _  .  ... 

- -  =  %  loss  on  ignition 

%  loss  on  ignition  —  %  C02  =  %  organic  loss 

Water  of  hydration  not  driven  off  at  105°  C.  will  be  included  in 
the  organic  loss. 

Preparation  of  Sample  for  Individual  Tests. 
Fuse  the  sample  with  0.2  gram  (0.195  to  0.205  gram) 
of  c.  p.  potassium  carbonate,  being  careful  to  cover  the 
sample  completely.  Cool,  place  crucible  upright  in  a 
150-ml.  beaker,  add  5  ml.  of  hydrochloric  acid  (1  to 
39),  and  heat  on  hot  plate  for  4  to  6  minutes.  Dur¬ 
ing  this  time  a  floe  usually  forms,  and  the  material  be¬ 
comes  free  from  the  walls  of  the  crucible.  Add  10 
ml.  more  of  the  hydrochloric  acid,  and  continue  heat¬ 
ing  until  solution  of  the  sample  is  complete,  adding 
more  acid  if  necessary.  Cool,  and  wash  the  contents 
of  the  crucible  into  the  beaker  with  small  amounts 
of  cold,  distilled  water.  Neutralize  to  phenolphthalein 
paper  with  0.5  per  cent  sodium  hydroxide  solution,  tak¬ 
ing  care  not  to  contaminate  the  sample  with  phenol¬ 
phthalein.  Usually  the  formation  of  a  floe  is  an 
indication  that  the  neutral  point  is  being  approached. 
Now  add  sufficient  1  to  19  hydrochloric  acid  solution 
to  dissolve  any  floe  that  is  formed,  avoiding  an  excess 
of  acid.  Transfer  to  a  100-ml.  volumetric  flask  (flask 
1),  and  make  up  to  volume.  Mix  well,  and  pipet  a 
10-ml.  uniform  sample  into  a  second  100-ml.  volumet¬ 
ric  flask  (flask  2).  Make  this  up  to  volume. 

Iron  Oxide  Determination  ( 2 ).  Pipet  15  ml.  from 
flask  2  into  a  17-ml.  (0.5-ounce)  test  bottle.  Add  1 
drop  of  Fe-1  reagent  and  1  drop  of  Fe-2  reagent.  Mix 
well,  and  add  1  ml.  of  Fe-3  reagent.  Mix  again  and 
after  2  minutes  read  in  the  Phototester.  Interpret  the 
reading  by  means  of  the  iron  oxide  curve  to  obtain  the 
per  cent  of  ferric  oxide. 

Phosphate  Determination  (3).  Pipet  15  ml.  from 
flask  2  into  a  17-ml.  (0.5-ounce)  test  bottle.  Add  0.5 
ml.  of  P-1  reagent,  then  0.5  ml.  of  P-2  reagent.  Mix 
well  by  shaking  and  allow  to  stand  for  5  minutes. 
Read  in  the  Phototester.  Interpret  the  reading  by 
means  of  the  phosphate  curve  to  obtain  the  per  cent 
of  phosphorus  pentoxide. 

Silica  Determination  {2,  6).  Pipet  10  ml.  from 
flask  2  into  a  17-ml.  (0.5-ounce)  test  bottle.  Add  1  ml. 
of  Si-1  reagent,  mix,  and  wait  5  minutes.  Add  2  ml.  of 
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Si-2  reagent,  and  mix.  Add  0.5  ml.  of  Si-3  reagent,  followed 
bv  sufficient  distilled  water  to  fill  up  to  the  base  of  the  neck 
of  the  bottle.  Mix,  and  after  1  minute  read  in  the  Phototester. 
Interpret  the  reading  by  means  of  the  silica  curve  to  obtain  the 
per  cent  silica. 


Carbon  Dioxide.  The  equipment  for  this  method  was 
constructed  in  the  authors’  laboratory  and  is  a  modifica¬ 
tion  of  the  Underwood  method  (8).  This  assembly  is 
made  up  as  follows  (Figure  3). 


Figure  3.  Apparatus  for  Determination  of  Carbon  Dioxide 


A  blank  must  be  run  on  the  distilled  water,  and  a  correction 
made  if  appreciable  silica  is  found.  If  the  final  color  obtained  is 
green  instead  of  blue,  it  is  well  to  renew  the  Si-3  reagent. 

Sulfate  Determination  ( /).  Pipet  15  ml.  from  flask  1  into 
a  17-ml.  (0.5-ounce)  test  bottle.  Add  1.0  ml.  of  SCh-1  reagent 
and  0.15  to  0.30  gram  of  SCL-2  reagent.  Shake  well,  and  allow  to 
stand  for  5  minutes.  Mix  again,  and  read  immediately  in  the 
Phototester.  Interpret  the  reading  by  means  of  the  sulfate 
curve  to  obtain  the  per  cent  sulfur  trioxide. 

Calcium  Oxide  and  Magnesium  Oxide  Determinations. 
Pipet  12.0  ml.  from  flask  1  into  a  15-ml.  centrifuge  tube.  Add 
the  following  in  the  order  given  with  mixing  after  each  addi¬ 
tion:  1  ml.  2  per  cent  lead  nitrate  solution,  1  drop  of  con¬ 
centrated  ammonium  hydroxide,  and  2  ml.  of  distilled  water. 
Centrifuge  at  2500  to  3000  r.  p.  m.  for  5  minutes,  or  untd  the 
supernatant  liquid  is  clear. 

Calcium  Oxide  Determination  (7).  Pipet  from  the  centri¬ 
fuge  tube  6.25  ml.  of  the  clear  supernatant  liquid  into  a  17-ml.  (0.5- 
ounce)  test  bottle.  Add  2  ml.  of  Ca-1  reagent  and  1  ml.  of  Ca-2 
reagent.  Add  distilled  water  to  fill  to  the  base  of  the  neck  and 
mix  well.  After  5  minutes  read  in  the  Phototester.  Interpret 
the  reading  by  means  of  the  calcium  oxide  curve  to  obtain  the 
per  cent  calcium  oxide. 

Magnesium  Oxide  Determination  (5).  Pipet  from  the 
centrifuge  tube  5.0  ml.  of  the  clear  supernatant  liquid  into  a  17-ml. 
(0.5-ounce)  test  bottle.  Add  5.0  ml.  of  distilled  wader,  1.0  ml. 
of  Mg-1  reagent,  and  1.0  ml.  of  Mg-2  reagent.  Mix  well,  and 
add  1.0  ml.  of  Mg-3  reagent.  Add  distilled  water  to  fill  to  base 
of  neck,  and  mix  again.  After  1  minute  read  in  Phototester. 
Interpret  the  reading  by  means  of  the  magnesium  oxide  curve  to 
obtain  the  per  cent  magnesium  oxide. 

Alumina  Determination  (4).  Pipet  1  ml.  from  flask  1  into 
a  17-ml.  (0.5-ounce)  test  bottle.  Add  sufficient  standard  phos¬ 
phorus  pentoxide  solution  (1  ml.  equivalent  to  10  per  cent  of 
phosphorus  pentoxide)  to  make  the  total  phosphorus  pentoxide 
present  in  the  sample  equivalent  to  30  per  cent.  Also  add  suf¬ 
ficient  standard  ferric  oxide  solution  ( 1  ml.  equivalent  to  10 
per  cent  ferric  oxide)  to  make  the  total  ferric  oxide  present 
in  the  sample  equal  to  15  per  cent.  If  either  the  per  cent  of 
phosphorus  pentoxide  or  the  per  cent  of  ferric  oxide  in  the  origi¬ 
nal  sample  exceeds  the  values  given  (30  per  cent  phosphorus 
pentoxide  or  15  per  cent  ferric  oxide)  use  half  sample — i.  e.,  0.5  ml. 
from  flask  1  or  5  ml.  from  flask  2. 

To  the  sample  with  the  required  phosphorus  pentoxide  and 
ferric  oxide  present,  add  one  drop  of  phenolphthalein  and  suf- 
ficient  0.5  per  cent  sodium  hydroxide  solution  to  make  the 
solution  a  faint  pink.  Make  up  with  distilled  water  to  approxi¬ 
mately  10  ml.  Add  2  ml.  of  A-l,  mix;  add  1  ml.  of  A-2,  mix, 
and  let  stand  for  10  minutes.  Add  1  ml.  of  A-3  reagent,  and 
make  up  to  the  base  of  the  neck  with  distilled  water.  Mix  by 
inverting  the  test  bottle  3  times.  Read  immediately  in  the 
Phototester.  Interpret  the  reading  by  means  of  the  alumina 
curve  to  obtain  the  per  cent  alumina.  If  an  aliquot  sample  was 
required,  multiply  by  the  proper  factor. 


A  is  a  bubble  counter  containing  concentrated  sulfuric  acid, 
B  is  a  small  drying  tube  containing  soda-lime,  and  C  is  the  reac¬ 
tion  bulb  containing  the  sample.  D  is  a  10-ml.  buret  containing 
hydrochloric  acid  (1  to  1),  E  is  a  steam  trap  condenser,  and  t  is  a 
drying  tube  filled  with  Dehydrite,  the  ends  being  plugged  with 

G  is  an  absorption  tube  (10  cm.,  4  inches,  long,  8  mm.  in  inside 
diameter)  filled  with  Ascarite,  except  for  a  small  amount  of  De¬ 
hydrite  at  the  exit  end.  H  is  a  small  drying  tube  containing 
soda-lime,  I  is  a  stopcock,  J  is  a  water  reservoir,  and  A  is  a  large 
aspirator  (2-liter  capacity)  containing  water.  L  is  a  glass  tube 
of  the  same  length  as  G. 

All  connections  should  be  tight.  Small  vacuum  rubber  tub¬ 
ing  is  recommended  for  the  connections  and  no  aii  lubber  stop¬ 
pers  for  the  Dehydrite  and  Ascarite  tubes.  All  permanent 
connections  may  be  sealed  with  shellac  if  necessary. 

Procedure.  Between  F  and  H  place  glass  tube  L  instead  ol 
absorption  tube  G.  With  a  reaction  bulb  in  place,  sweep  out  the 
apparatus  by  passing  air  through  for  10  minutes  at  the  rate  ol 
approximately  three  bubbles  per  second.  Fit  absorption  tube  G 
with  pieces  of  rubber  tubing  containing  solid  glass  plugs,  thus 
sealing  both  ends  of  the  tube.  Weigh  the  tube  with  the  plugs  m 
place.  Weigh  a  40-mg.  sample  in  another  reaction  bulb,  btop 
suction  on  apparatus,  remove  plugs  from  absorption  tube,  and 
place  in  the  absorption  train,  as  indicated  in  higure  3.  Add  2 
ml.  of  carbon  dioxide-free  distilled  water  to  the  reaction  bulb 
and  put  the  bulb  in  place.  Start  suction  at  the  same  rate  as 
above,  and  add  dropwise  1.5  ml.  of  acid  from  the  buret,  neat 
the  sample  almost  to  boiling  with  a  microburner,  continue  bub¬ 
bling  for  about  5  minutes,  and  then  shut  off  the  suction.  Remove 
the  absorption  tube,  stopper  as  before  with  glass  plugs,  and 
weigh.  The  increase  in  weight  is  carbon  dioxide. 

Gain  in  weight  in  milligrams  X  —  =  %  C02 
40 

The  Dehydrite  in  the  drying  tube  must  be  changed  at  the  first 
indication  of  moisture.  The  Ascarite  in  the  absorption  tube 
requires  changing  when  more  than  one  third  of  it  has  turned 
white. 
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2  1\  T APHTHOL-azoxylene,  also  known  as  Oil  Red  XO 

-  _L  1  and  F.  D.  and  C.  Red  No.  32,  can  consist  of  a  mix¬ 
ture  of  the  isomers  produced  by  coupling  2-naphthol  with  the 
diazonium  compounds  from  any  of  the  six  possible  isomers 
which  may  be  present  in  commercial  o-  and  p-xylidine  oil.  For 
use  as  a  food  color,  the  dyestuff  must  conform  to  government 
specifications  which  limit  the  amount  of  m-xylidine  pres¬ 
ent  (l-amino-2,6-dimethylbenzene;  l-amino-2, 4-dimethyl- 
benzene;  and  l-amino-3,5-dimethylbenzene).  The  most 
obvious  way  of  analyzing  for  the  presence  of  these  isomers 
involves  the  reduction  of  the  dyestuff  in  order  to  liberate  the 
xylidine,  followed  by  an  examination  of  the  xylidine  so  liber¬ 
ated.  (The  method  used  for  the  determination  of  m-xylidine 
in  admixture  with  o-  and  p-xylidines  has  been  reported,  5.) 

Any  method  of  reduction  which  is  to  be  used  for  this  purpose 
must  yield  a  quantity  of  xylidine  that  will  approach  the  theo¬ 
retical  amount  to  be  expected  from  the  dyestuff ;  or  else  the 
method  must  indicate  in  some  other  manner  that  the  isomeric 
composition  of  the  xylidine  obtained  is  the  same  as  that  which 
was  combined  in  the  dyestuff. 

Usually  the  reduction  of  azo  dyestuffs  for  the  purpose  of 
isolating  and  identifying  the  diazo  component  is  carried  out  in 
aqueous  medium  with  the  aid  of  such  reducing  agents  as  zinc, 
stannous  chloride,  or  sodium  hydrosulfite.  The  2-naphthol- 
azoxylenes  are  insoluble  in  water.  Hence,  as  would  be  ex¬ 
pected,  when  a  reduction  is  attempted  in  an  aqueous  medium, 
using  the  ordinary  reducing  agents  mentioned,  it  is  impossible 
to  get  adequate  contact  of  the  dyestuff  with  the  reducing 
agent.  Consequently,  low  yields  of  xylidine  are  obtained  in 
any  reasonable  time  of  reduction. 

Rowe  (4)  has  reported  the  use  of  a  dispersing  agent  to  keep 
azo  dyestuffs  from  aggregating  during  reduction  with  alkaline 
sodium  hydrosulfite  solution.  This  may  be  one  method  of 
solving  the  problem,  but  it  seemed  preferable  to  run  the  reduc¬ 
tion  in  actual  solution,  if  possible. 

In  order  to  use  the  ordinary  methods  of  reduction  advan¬ 
tageously,  a  water-miscible  solvent  would  have  to  be  used. 
To  make  possible  the  use  of  such  solvents  as  the  aromatic 
hydrocarbons,  in  which  the  2-naphthol-azoxylenes  are  most 
soluble,  one  could  probably  use  methods  involving  reduction 
with  hydrogen  in  the  presence  of  a  nickel  catalyst,  as  has  been 
reported  by  Brochet  (I);  or  tetralin  in  the  presence  of  a 
palladium  catalyst,  as  has  been  reported  by  Kotake  and 
Mita  (S).  For  the  purpose  in  view,  it  was  considered  desir¬ 
able  to  reduce  the  dyestuff  by  the  more  usual  agents,  such  as 
zinc  and  hydrochloric  acid,  thus  necessitating  the  use  of  a 
water-soluble  solvent.  The  solvent  should,  in  addition  to  its 
solubility  in  water,  not  undergo  reduction  itself,  and  it  should 
possess  vapor  pressure  or  other  properties  that  would  facilitate 
its  separation  from  the  liberated  xylidine. 

2-Naphthol-azoxylene  is  fairly  soluble  in  hot  alcohol.  Re¬ 
duction  was  tried  in  this  medium  with  zinc  and  hydrochloric 
acid  and  with  stannous  chloride  and  hydrochloric  acid,  but 
the  addition  of  such  water  as  was  introduced  with  the  acid 
resulted  in  precipitation  of  the  dyestuff.  The  use  of  alcoholic 
solutions  of  stannous  chloride  with  added  hydrochloric  acid 
was  unsuccessful  for  the  same  reason. 

The  problem  was  finally  solved  by  taking  advantage  of  the 
excellent  solvent  properties  of  1,4-dioxane,  in  which  the  dye 
dissolved  readily.  Stannous  chloride  and  hydrochloric  acid 
did  not  seem  to  act  efficiently  in  the  presence  of  dioxane. 
Heating  with  zinc  and  hydrochloric  acid,  however,  resulted  in 


a  rapid  and  complete  reduction.  The  xylidine  could  be  re¬ 
covered  with  a  yield  of  from  90  to  95  per  cent  of  the  theo¬ 
retical.  This  could  probably  be  increased  by  using  a  larger 
sample,  but  the  time  involved  for  the  procedure  would  be 
greater.  Judging  by  the  rapidity  and  smoothness  of  the 
reduction,  it  is  likely  that  the  5  to  10  per  cent  difference  from 
100  per  cent  recovery  is  caused  by  manipulative  losses  rather 
than  by  incomplete  reduction.  However,  if  it  were  due  to  in¬ 
complete  reduction,  it  is  unlikely  that,  under  the  conditions  of 
the  reduction,  this  could  cause  any  great  change  in  the  pro¬ 
portions  of  the  various  xylidine  isomers  from  that  which  ex¬ 
isted  originally  in  the  dyestuff. 

The  dyestuff  is  in  complete  solution  during  the  reduction, 
so  that  the  speed  of  reduction  of  the  isomers  would  not  be  in¬ 
fluenced  by  possible  differences  in  rate  of  solution.  Once  in 
solution,  it  is  most  likely,  according  to  Conant  and  Pratt  (2), 
that  all  the  isomers  would  reduce  at  similar  rates.  These 
authors,  working  with  water-soluble  azo  dyes,  showed  that 
the  structure  of  the  aromatic  nucleus  which  carries  the  hy¬ 
droxyl  group  is  the  determining  factor  as  regards  the  “appar¬ 
ent  reduction  potential”  (the  normal  potential  of  the  reversi¬ 
ble  system  that  will  just  cause  appreciable  reduction,  20  to  30 
per  cent  in  30  minutes,  under  the  conditions  specified).  All 
the  compounds  which  they  studied,  which  had  the  hydroxyl 
group  on  a  naphthalene  ring,  fell  in  one  class  as  regards  the 
apparent  reduction  potential.  All  the  2-naphthol-azoxylenes 
would,  therefore,  be  expected  to  fall  in  one  group.  Conse¬ 
quently,  if  there  were  incomplete  reduction,  the  ratio  of  the 
isomers  to  one  another  should  not  be  altered,  provided  the 
dyestuff  was  completely  dissolved  during  the  reduction.  The 
analysis  for  the  isomeric  composition  of  the  recovered  xylidine 
could  accordingly  be  used  to  draw  conclusions  concerning  the 
isomeric  composition  of  the  original  dyestuff. 

Reduction  of  2-Naphthol-Azoxylene  and  Recovery 

of  Xylidine 

Ten  grams  of  the  2-naphthol-azoxylene  were  dissolved  in  100 
ml.  of  dioxane  in  a  2-liter,  2-necked  flask  equipped  with  a  reflux 
condenser  and  a  dropping  funnel.  Twenty  grams  of  zinc  dust 
were  added  and  the  mixture  was  brought  to  a  boil.  While  boiling, 
concentrated  hydrochloric  acid  was  added  at  a  slow  rate,  with 
occasional  shaking,  until  no  further  lightening  of  the  yellow  color 
was  caused  by  further  addition  of  acid,  and  boiling  was  continued 
for  a  few  minutes.  (About  40  ml.  of  hydrochloric  acid  were 
used.) 

The  mixture  was  cooled,  diluted  with  100  ml.  of  water,  and 
made  strongly  alkaline  to  phenolphthalein  paper  with  an  excess  of 
40  per  cent  sodium  hydroxide  solution.  It  was  then  distilled 
with  steam.  At  first  a  clear  distillate  consisting  mainly  of  diox¬ 
ane  and  water  distilled  over  and  then  a  turbid  distillate  containing 
the  xylidine  and  an  alkali-soluble  substance.  A  small  portion  of 
the  distillate  was  collected  in  a  test  tube  from  time  to  time,  a  few 
drops  of  20  per  cent  sodium  hydroxide  solution  were  added,  and 
the  tube  was  cooled  in  ice.  The  removal  of  xylidine  was  con¬ 
sidered  complete  when  the  test  liquid  was  clear  by  transmitted 
light.  A  slight  turbidity  which  could  be  observed  against  a  dark 
background  was  disregarded.  Usually  a  total  volume  of  less  than 
1  liter  of  distillate  was  collected. 

The  distillate  was  made  strongly  acid  with  considerable  excess 
of  sulfuric  acid  (benzopurpurine  4B  indicator  paper),  and  again 
distilled  with  steam  until  the  absence  of  striations  in  the  upper 
part  of  the  condenser  indicated  a  sufficient  removal  of  the  dioxane. 
The  residual  liquor  was  made  alkaline  with  sodium  hydroxide 
solution  and  the  xylidine  extracted  with  one  100-ml.  portion  and 
three  50-ml.  portions  of  ether.  A  further  extraction  with  50  ml. 
of  ether  should  leave  no  more  than  a  few  milligrams  of  oil  after 
evaporation  of  the  ether;  otherwise  the  extraction  should  be  con¬ 
tinued.  The  combined  ether  extracts  were  washed  with  small 
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portions  of  water  until  the  washings  were  no  longer  alkaline  to 
phenolphthalein  paper. 

A  250-ml.  beaker  was  heated  on  a  steam  bath  in  direct  contact 
with  the  steam,  wiped  with  a  cloth,  allowed  to  cool  in  the  open, 
then  weighed.  The  beaker  was  heated  directly  with  steam  and 
the  ether  extract  added  in  several  portions,  each  portion  being 
allowed  to  concentrate  to  a  small  volume  before  the  next  was 
added.  By  this  rapid  evaporation,  creeping  of  the  oil  up  to  the 
edge  of  the  beaker  with  consequent  losses  was  minimized. 

Analysis  and  Yields  of  Recovered  Xylidine 

The  recovered  xylidine  was  analyzed  for  total  amine  content 
by  diazotization  with  excess  0.1  A  sodium  nitrite  solution  in  a 
stoppered  flask,  followed  by  treatment  with  a  measured  excess  of 
0.1  A  sodium  sulfanilate  solution  and  a  back-titration  with  0.1  A 
sodium  nitrite  solution.  The  recovered  xylidine  will  have  a 
diazotization  value  close  to  100  per  cent  (about  98  to  100  per  cent) 
xylidine  if  the  method  has  been  carried  out  properly.  Yields  of 
xylidine  (calculated  as  100  per  cent  by  diazotization)  will  be 
about  90  to  95  per  cent  of  the  theoretically  calculated  value. 


Summary 

The  dyestuff  2-naphthol-azoxylene  (Oil  Red  XO  or  F.  D. 
and  C.  Red  No.  32)  may  be  reduced  smoothly  in  dioxane  solu¬ 
tion  by  means  of  zinc  and  hydrochloric  acid  for  the  purpose  of 
determining  the  proportion  of  combined  m-xylidine  in  the  dye¬ 
stuff  by  means  of  the  analysis  of  the  recovered  xylidine.  With 
a  10-gram  sample  of  dyestuff,  yields  of  from  90  to  95  per  cent 
of  the  theoretically  expected  xylidine  may  be  recovered. 
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Wijs  Iodine  Method 

J.  W.  McCUTCHEON,  Lightfoot  Schultz  Co.,  Hoboken,  N.  J. 


4  LTHOUGH  it  has  been  shown  repeatedly  that  the  Wijs 
iodine  value  can  be  relied  upon  to  give  consistent  re¬ 
sults  and  values  lying  very  close  to  those  of  the  other  avail¬ 
able  methods,  the  iodine  value  in  general  is  lower  than  the 
theoretical  unsaturation,  as  measured  by  the  hydrogen  value 
(3,  5).  How  much  this  value  is  lower  in  the  case  of  the  Wijs 
method  has  never  been  determined,  as  far  as  the  author  is 
aware,  although  in  experiments  on  linoleic  and  linolenic  acids, 
extending  over  some  years,  values  never  greater  than  98.8  per 
cent  of  theory  were  obtained,  whether  the  determination  was 
made  on  the  acid  or  the  derived  ester.  Since  linolenic  acid, 
prepared  through  its  hexabromide,  is  much  more  difficult  to 
debrominate  than  linoleic,  it  was  considered  unlikely  that  the 
constant  ratio  of  iodine  value  to  unsaturation  could  be  due  to 
a  coincidence  or  to  the  presence  of  residual  traces  of  bromine 
which  could  not  be  identified  by  analysis. 

To  investigate  this  problem  further,  it  was  decided  to  pre¬ 
pare  an  unsaturated  acid  by  some  means  other  than  debro- 
mination.  Elaidic  acid  was  chosen,  since  its  high  melting  point 
allows  a  much  better  separation  from  linoleic  acid  than  is 
possible  with  oleic. 


Table  I.  Constants  of  Ethyl  Elaidate 


Boiling  Point  Data 


Pressure,  mm. 
Temperature,  °  C.  (corr.) 


1  2  4 

159.5  171  185 

Refractive  Indices 


7.5  12 

200  212 


Temperature,  0  C. 
Refractive  index 


25.0  29.2  31.5  40.0  51.3 

1.4486  1.4470  1.4461  1.4428  1.4384 

Specific  Gravity 


16 

221 


57.6 

1.4359 


15.5°/4° C. 

Apparent  0.8704 

True  0 . 8706 


25.0°/4° C. 

Apparent  0.8635 

True  0.8636 


the  elaidic  was  separated  from  the  unchanged  oleic  acid  by 
repeated  crystallizations  at  —20°  C.  from  a  20  per  cent  acetone 
solution.  The  elaidic  acid  (50.1  grams)  was  then  converted  into 
the  lithium  salt  and  recrystallized  three  times  from  80  per  cent 
alcohol,  reconverted  into  the  acid  (20.0  grams  of  melting  point 
43.5°  C.),  esterified,  and  triple-distilled  under  a  pressure  of  0.5 
mm.  of  mercury.  The  melting  point  on  a  small  sample  of  the 
saponified  ester  was  43.5°  C.,  which  was  not  changed  on  crystal¬ 
lizing  the  derived  lithium  salt  five  times  from  80  per  cent  alcohol 
solution.  Solid  acids  by  the  method  of  Bertram  (2)  were  less 
than  0.01  per  cent. 

Various  constants,  together  with  boiling  point  data  at 
reduced  pressures  using  equipment  previously  described  (4), 
are  given  in  Table  I. 

Wijs  iodine  values,  by  the  method  of  the  American  Oil 
Chemists’  Society  (I),  are  given  in  Table  II,  together  with 
data  on  two  highly  purified  unsaturated  esters  prepared  by 
the  debromination  process  (4). 


Table  II.  Wijs  Iodine  Values 


Ethyl  linoleate 
Methyl  linolenate 

(from  hexabromide  of  m.  p.  181.9  ) 
Ethyl  elaidate 
Elaidic  acid 


%of 

Found 

Theoretical 

Theory 

162.49 

162.29 

164.7 

98.6 

257.33 

260.57 

98.8 

80.85 

81.81 

98.8 

88.82 

89.93 

98.8 

The  Wijs  iodine  value,  as  prescribed  in  the  official  methods 
of  the  American  Oil  Chemists’  Society,  gives  results  on  the  un¬ 
saturated  acids  and  esters  of  the  oleic  series  that  lie  very  close 
to  98.8  per  cent  of  the  theoretical  unsaturation.  The  reliability 
of  the  method  is  somewhat  greater  than  is  generally  supposed, 
although  corrections  should  be  applied  when  the  iodine  value 
is  to  be  used  as  a  measure  of  the  purity  of  a  compound. 


Four  hundred  grams  of  pure  olive  oil  were  saponified  in  the 
usual  manner,  and  the  resulting  361.1  grams  of  fatty  acids  sepa¬ 
rated  into  liquid  and  solid  acids  by  the  Twitchell  method,  with 
the  exception  that  the  entire  solid  acid  fraction  from  the  first 
precipitation  was  discarded.  The  resulting  191.8  grams  of  liquid 
acids  were  fractionally  chilled  in  a  50  per  cent  acetone  solution,  by 
volume,  at  -15°  C.  The  filtrates  from  the  first  four  crystal¬ 
lizations  were  combined  and  the  fatty  acids  precipitated  by 
diluting  with  hot  water.  The  yield  was  147.8  grams,  of  iodine 
value  110.30.  The  acids  were  then  elaidinized  in  the  usual 
way  with  nitric  acid  and  sodium  nitrite,  the  mixture  was  washed 
thoroughly  with  hot  water  to  remove  traces  of  nitric  acid,  and 
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Kinematic  Viscometer  for  Liquid 
Asphaltic  Products 

A.  P.  ANDERSON,  K.  A.  WRIGHT,  AND  R.  L.  GRIFFIN 
Shell  Development  Company,  Emeryville,  Calif. 


A  new  type  of  kinematic  viscometer  has 
been  developed  for  measuring  viscosities 
in  centistokes  of  the  whole  range  of  com¬ 
mercial  asphaltic  liquid  road  materials  at 
a  single  temperature.  It  incorporates 
features  in  design  to  facilitate  the  opera¬ 
tions  of  filling,  adjustment  of  hydrostatic 
head,  and  cleaning.  Three  capillaries  of 
decreasing  bore  diameters  arranged  in 
series  with  intervening  bulbs  permit  meas¬ 
urements  of  viscosities  over  an  extended 
range  without  changing  capillaries  or  pres¬ 
sures,  as  is  necessary  in  other  types  of  in¬ 
struments. 


AT  PRESENT  the  Saybolt  Furol  viscometer  is  used  to  de- 
termine  the  viscosities  of  asphaltic  liquid  road  materials 
(A.  S.  T.  M.  Method  D88-38).  Undesirable  features  of  this 
method  are  that  the  results  are  expressed  in  empirical  rather 
than  absolute  units  and  that  it  is  necessary  to  use  a  number 
of  temperatures  in  order  to  cover  the  desired  viscosity  range. 
The  second  of  these  becomes  particularly  noticeable  in  con¬ 
nection  with  revised  specifications 
for  cutback  asphalts  recently  issued 
by  the  Asphalt  Institute  ( 1 ).  In 
order  to  simplify  the  designation 
of  liquid  road  materials,  a  more 
systematic  classification  has  been 
set  up  in  these  specifications, 
■ - 44  m  based  on  viscosities  at  a  single  tem¬ 

perature  (60°  C.,  140°  F.).  How¬ 
ever,  depending  upon  the  viscosity 
of  the  particular  sample,  one  of 
four  different  temperatures  has  to 
be  employed  for  the  determination 
and  a  conversion  made  to  140°  F. 
The  conversion  will  always  be  ap¬ 
proximate,  owing  to  differences  in 
the  temperature-susceptibility  of 
various  oils. 

Absolute  viscometers  are  now 
coming  into  general  use  to  measure 
the  viscosities  of  lubricating  oils, 
but  most  of  these  instruments  are 
not  applicable  to  dark  and  opaque 
materials  through  which  a  meniscus 
cannot  be  seen.  The  Koppers  (S) 
and  Vogel  Ossag  (2)  absolute  vis¬ 
cometers  overcome  this  difficulty, 
but  have  other  disadvantages.  Thus 
they  are  more  difficult  to  use  in 
routine  testing  than  the  Saybolt 
Furol  viscometer;  specific  gravity 
has  to  be  known  in  order  to  cal¬ 
culate  the  viscosities;  and  to  cover 
the  full  viscosity  range,  a  number 
Figure  1  of  capillaries  or  pressures  have  to  be 


u 


2 -WAY  STOPCOCK  WITH 
GROUND-GLASS  JOINT 


DIAMETERS  OF  CAPILLARIES 
LOWER  -  0.166  CM. 

MIDDLE  -  0.094  CM. 

UPPER  -0.060  CM. 

MEAN  HYDROSTATIC  HEADS 
LOWER  BULB -20.3  CM. 
MIDDLE  BULB -14.9  CM. 
UPPER  BULB  -  9.5 CM. 
LENGTH  OF  EACH  CAPILLARY  -  4  CM 
VOLUME  OF  EACH  BULB  -0.2  CC. 


Figure  2.  Diagram  of  Viscometer 
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used,  the  selection  of  which  involves  a  certain  amount  of 
judgment  on  the  part  of  the  operator. 

In  order  to  overcome  these  difficulties  a  simple  and  rapid 
viscometer  has  been  designed  which  permits  testing,  at  one 
temperature,  of  the  whole  range  of  liquid  road  materials  cov¬ 
ered  by  the  new  Asphalt  Institute  specifications. 

Design  of  Modified  Ostwald  Viscometer 

The  essential  principle  of  the  Ostwald  viscometer  has  been 
retained  and  certain  new  features  have  been  incorporated  to 
permit  use  for  testing  asphaltic  liquid  materials. 

It  will  be  seen  from  Figures  1  and  2  that  the  principal  novelty 
in  the  design  is  in  the  use  of  three  capillaries  of  decreasing  bore 
arranged  in  series  with  intervening  bulbs.  The  lower  largest 
capillary  is  used  for  measuring  the  most  viscous  liquids,  the  time 
of  flow  being  taken  for  the  liquid  to  pass  from  marks  A  and  A' 
(Figure  2)  on  the  lower  and  upper  necks  of  the  first  bulb.  If  the 
time  of  flow  is  found  to  be  less  than  a  predetermined  minimum, 
say  50  seconds,  the  liquid  is  allowed  to  continue  flowing  upward 
through  the  second  capillary  of  finer  bore  and  the  time  interval 
measured  for  the  liquid  to  fill  the  second  bulb.  The  smallest 
capillary  at  the  top  is  used  for  measuring  the  viscosity  of  liquids 
that  fill  the  second  bulb  in  less  than  50  seconds.  No  judgment 
is  required  on  the  part  of  the  operator  as  to  the  viscosity  range 
of  the  liquid  being  measured,  since  the  minimum  time  limit  of 
flow  automatically  determines  what  bulb  is  to  be  used. 

To  decide  on  the  dimensions  of  the  instrument  it  was  neces¬ 
sary  to  choose  minimum  and  maximum  limits  for  time  of  flow. 
Fifty  seconds  was  chosen  as  the  minimum.  With  a  good  stop 
watch  of  the  continuous  movement  type  an  error  of  no  more 
than  ±0.1  second  need  be  encountered  in  timing  the  flow 
which  would  correspond  to  an  error  of  0.2  per  cent  in  the  vis¬ 
cosity  measurement.  For  routine  testing  a  maximum  limit  of 
500  seconds  does  not  seem  too  long  and  was 
therefore  adopted. 

Since  the  viscosity  is  directly  proportional 
to  the  time  of  flow,  the  minimum  of  50 
seconds  and  maximum  of  500  seconds  corre¬ 
spond  to  a  tenfold  range  of  viscosity.  The 
dimensions  of  the  bulbs  and  capillaries  and 
the  magnitudes  of  the  hydrostatic  heads  were 
chosen  so  that  the  tenfold  viscosity  range  of 
each  succeeding  bulb  follows  immediately 
after  that  of  the  preceding.  Thus  a  liquid 
that  takes  50  seconds  to  flow  through  the  first 
bulb  would  take  500  seconds  for  the  second, 
and  a  liquid  that  takes  50  seconds  for  the 
second  would  require  500  seconds  for  the  third. 

Hence  with  this  instrument  it  is  possible  to 
measure  liquids  of  a  thousandfold  range  of 
viscosities  without  exceeding  the  time  limits 
of  50  to  500  seconds. 

The  radii  of  the  capillaries  were  estimated 
by  application  of  Poiseuille’s  law.  The  coars¬ 
est  capillary  was  selected  to  measure  liquids 
of  viscosity  range  from  1500  to  15,000  centi- 
stokes;  the  middle,  from  150  to  1500  centi- 
stokes;  and  the  top,  from  15  to  150  centistokes. 

Since  the  volume  of  each  bulb  is  only  0.2  cc., 
the  linear  velocity  of  flow  is  small  and  it  can 
be  shown  that  the  kinetic  energy  correction  is 
negligible.  The  flow  equation  then  reduces  to 
a  simple  linear  relation  between  the  kinematic 
viscosity  and  the  time  of  flow — namely,  V  = 

Ct.  Each  capillary  with  its  bulb  has  a  char¬ 
acteristic  calibration  constant,  C,  which  differs 
from  the  next  by  a  factor  of  approximately  10. 

The  instrument  was  designed  to  operate 
with  only  6  ml.  of  sample.  This  is  a  definite 
advantage  over  the  Saybolt  Furol  instrument, 
which  requires  90  ml.  for  a  determination. 


The  dimensions  have  also  been  chosen  to  minimize  the  effect 
of  surface  tension.  The  inside  diameter  of  the  receiver  tube, 
R,  was  selected  to  be  approximately  equal  to  the  average 
diameter  of  the  bulbs.  With  the  dimensions  so  chosen,  the 
possible  error  that  could  result  in  the  viscosity  determination 
from  variation  in  surface  tension  of  the  liquid  asphaltic  ma¬ 
terials  would  never  be  greater  than  0.1  per  cent. 

The  capillaries  and  bulbs  have  been  placed  directly  below 
the  receiver  arm  to  minimize  the  effect  of  tilting  on  the  hydro¬ 
static  head.  If  the  arms  are  not  bent  in  the  manner  shown 
but  remain  straight  and  separated,  a  noticeable  error  can  re¬ 
sult  from  even  a  slight  tilting.  In  Table  I,  where  calculations 
are  given  for  the  instrument  described,  showing  the  error  in 
the  viscosity  measurement  for  several  angles  of  deviation  from 
the  vertical,  it  is  seen  that  the  error  is  negligible  if  the  receiver 
arm  is  placed  in  the  same  line  as  the  capillary  arm. 


Angle 


1° 

2° 

5° 

10° 


Table  I.  Tilting  Effect 

Error  in  Viscosity 

Arms  separated0  Arms  in  line 

%  % 


0.53 

1.10 

3.04 

7.11 


0.01 

0.06 

0.38 

1.54 


a  Calculations  for  arms  separated  by  2.8  cm.  and  for  upper  bulb  of  mean 
hydrostatic  head  of  9.5  cm. 

The  viscometer  is  held  in  position  by  means  of  a  Bakelite 
block  holder,  which  in  turn  fits  into  a  circular  recession  in  a 
Bakelite  top  on  the  thermostat.  The  viscometer  is  cemented 
to  the  holder,  so  that  it  will  always  assume  the  same  position 
when  the  block  holder  is  clamped  in  place. 

FILLING  TUBE 


Figure  3.  Filling  Tube  and  Suction  Leveling  Tube 
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Operation  of  Viscometer 

The  filling  operation  is  effected  by  means  of  the  filling  tube 
illustrated  in  Figure  3.  The  asphaltic  liquid  is  wanned  to  a 
temperature  (60°  to  82.22°  C.,  140°  to  180°  F.)  sufficient  to 
permit  its  being  poured  into  the  100-mesh  copper  funnel  sieve. 
The  liquid  passes  through  the  sieve  into  the  receiver  arm  of  the 
viscometer  and  catches  at  point  P  where  the  narrow  connecting 
tube  joins  the  receiver  tube  reservoir.  The  flow  down  through 
the  connecting  tubing  is  controlled  by  means  of  pressure  changes 
caused  by  a  roller  device  (devised  by  V.  Lantz,  of  these  labora¬ 
tories,  and  shown  in  Figure  2)  which  squeezes  a  rubber  tubing 
connected  to  the  left  arm  of  the  viscometer.  To  control  the  rate 
of  flow  from  the  filling  tube  into  the  viscometer  and  to  adjust 
the  flow  so  that  the  upper  surface  of  the  liquid  approaches  mark 
M  about  the  same  time  that  the  lower  surface  approaches  mark 
M'  on  the  lower  capillary,  the  ground-glass  cap  with  control 
rubber  tubing  is  placed  on  the  filling  tube.  In  this  way  complete 
control  is  obtained  for  the  filling  operation. 

The  lower  level  of  the  liquid  is  not  immediately  brought  up  to 
M '  but  left  somewhat  below,  while  the  upper  level  is  brought  to 
1  or  2  mm.  above  M  into  the  expanded  part  of  the  receiving  arm. 
When  temperature  equilibrium  is  attained,  the  lower  level  is 
brought  exactly  to  the  mark  by  means  of  the  control  roller 
device  and  tubing  connected  to  the  left  arm  of  the  viscometer. 
Finally,  the  upper  level  is  brought  down  to  M  by  use  of  the 
suction  leveling  tube  shown  in  Figure  3. 

Table  II.  Comparative  Viscosity  Measurements 


•Viscosity- 


Samples 

Time  of  Flow, 
Modified  Ostwald 
Viscometer 

Modified 

Ostwald 

viscometer 

Koppers 

viscometer 

Difference 

Seconds 

Centistokes 

% 

1 

56.5,  56.6 

21.7  (S) 

21.8  (1) 

0.37 

2 

371.3,  370.7 

142.6 

142.3 

0.21 

3 

121.4, 121.5 

395.4 

397.9 

0.63 

4 

233.2,  233.8 

760.3 

762.4 

0.28 

5 

55.5,  55.7 

2,119 

2,125 

0.28 

6 

104.8, 104.6 

3,990 

3,972 

0.45 

7 

589 . 5,  584 . 7 

22,371 

22,252 

0.53 

Observation  indicates  that  the  liquid  is  drawn  off  sharply 
at  the  end  of  the  leveling  tube  tip  and  that  the  hydrostatic 
head  can  be  reproduced  to  better  than  0.02  cm.  Since  the 
least  hydrostatic  pressure  is  for  the  upper  bulb  and  amounts 
to  7.0  grams  per  sq.  cm.,  the  error  in  viscosity  determination 
due  to  the  possible  error  of  0.02  cm.  in  hydrostatic  head  is 
not  more  than  0.3  per  cent;  and  the  error  is  less  than  this  for 
the  lower  bulbs  where  the  hydrostatic  head  is  greater. 


After  a  viscosity  measurement  has  been  made,  the  liquid 
may  be  removed  readily  by  applying  a  vacuum  to  the  leveling 
tube.  Benzene  or  carbon  tetrachloride  may  be  introduced 
into  the  left  arm,  and  as  it  is  sucked  through  the  instrument  it 
sweeps  the  viscometer  clean  of  oil.  As  the  vacuum  is  con¬ 
tinued,  the  cleaning  solvent  is  soon  evaporated.  The  cleaning 
operation  is  thus  effected  simply  without  removal  of  the 
viscometer  from  the  thermostat  bath. 

The  viscometer  is  readily  calibrated  by  the  use  of  oils  of 
known  viscosity  (such  as  the  alpha  and  beta  oils  of  the  Ameri¬ 
can  Petroleum  Institute)  at  low  enough  temperatures  to  get 
good  flow  times.  Since  the  effect  of  temperature  on  the  cali¬ 
bration  constants  is  less  than  the  experimental  error  for  any 
usual  range  in  temperature,  the  bulbs  may  be  calibrated  with 
a  single  oil  by  choosing  several  different  temperatures  to  give 
the  appropriate  viscosity  range. 

Precision  and  Accuracy 

To  illustrate  the  reproducibility  of  measurement  and  ac¬ 
curacy  of  determination  of  viscosity,  data  are  given  in  Table 
II  for  measurements  made  with  both  this  modified  Ostwald 
instrument  and  the  Koppers  instrument  on  cutback  asphalts. 
The  reproducibility  of  measurement  can  be  estimated  by  ex¬ 
amination  of  the  column  in  Table  II  giving  repeated  measure¬ 
ments  for  the  times  of  flow.  It  is  seen  that  the  reproducibility 
is  generally  within  0.1  to  0.2  per  cent.  The  modified  Ostwald 
and  Koppers  instruments  yield  viscosity  determinations  that 
agree  within  0.2  to  0.6  per  cent  over  a  range  of  viscosities 
from  16  to  22,000  centistokes  which  will  include  all  the  liquid 
road  materials  from  the  0  grade  to  the  6  grade  (example: 
SC-0  to  SC-6). 

With  a  little  experience  the  viscometer  can  be  used  as  easily 
and  as  rapidly  as  the  Saybolt  Furol  viscometer. 
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A  Large  Spinning-Band  Fractionating  Column 

For  Use  with  Small  Quantities  of  Liquids 

ROBERT  H.  BAKER,  CHAS.  BARKENBUS,  AND  C.  A.  ROSWELL 
University  of  Kentucky,  Lexington,  Ky. 


A  70-plate  spinning-band  column,  which 
has  a  holdup  of  0.1  cc.  per  plate  has  been 
constructed.  The  column  is  practical  and 
inexpensive,  and  may  be  used  for  analytical 
separations  on  small  quantities  of  liquid. 

MANY  types  of  fractionating  columns  have  been  de¬ 
scribed  in  recent  years  to  effect  the  separation  of 
liquid  mixtures  by  distillation.  The  packed  column  of  the 
Fenske  type  (6),  the  all-glass  bubble-cap  type  described  by 
Bruun  ( 3 ) ,  and  the  recently  described  spinning-cone  type  first 
used  by  Urey  ( 9 )  and  further  investigated  by  Mair  (5)  seem 
to  represent  the  most  efficient  ones  proposed,  if  judged  by 
their  plate  rating  or  height  of  equivalent  theoretical  plate. 


The  one  inherent  weakness  in  all  the  columns  mentioned  is 
their  relatively  large  holdup,  which  necessitates  a  fairly  large 
volume  of  liquid  to  be  fractionated.  The  value  of  a  fractionat¬ 
ing  column  for  analytical  separations,  especially  where  small 
quantities  of  liquids  are  to  be  distilled,  is  primarily  a  function 
of  its  holdup  per  theoretical  plate.  Since  very  little  attention 
has  been  given  this  point,  the  authors  determined  the  char¬ 
acteristics  of  several  columns  which,  experience  indicated, 
had  a  small  holdup  and  a  fair  separating  power. 

The  results,  fisted  in  Table  I,  clearly  show  that  the  spinning- 
band  type  of  column  described  by  Lesesne  (7)  has  the  smallest 
holdup,  height  of  equivalent  theoretical  plate,  and  holdup  per 
theoretical  plate.  It  is  peculiar  that  all  the  columns  except 
the  spinning-band  type  give  approximately  the  same  height 
of  equivalent  theoretical  plate  regardless  of  the  mixture  used 
in  making  the  determination,  while  the  spinning-band  type 
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Table  I.  Holdup  and  Plate  Value  of  Columns 


Column 


Podbielniak 
Vigreux 
Widmer 
Spinning  band 


Plate 

Plate  Value 

Value 

by  n-Hep- 

Holdup  per 

by  CCU- 

H.  E. 

tane-Methyl- 

H.E. 

Theoretical 

Length 

Benzene 

T.  P. 

cyclohexane 

T.  P. 

Plate 

Cm. 

Cm. 

Cc. 

137 

10.0 

13.7 

9.6 

14.2 

0.30 

30 

5.1 

6 

4.2 

7.3 

0.33 

36 

4.4 

8.2 

4.4 

8.2 

0.49 

44 

19.7 

2.2 

6.2 

7.1 

0.12 

shows  a  widely  differing  value  when  n-heptane-methylcyclo- 
hexane  is  used  instead  of  carbon  tetrachloride-benzene.  No 
similar  observation  could  be  found  in  the  literature,  though 
Fenske  states  that  the  process  of  enrichment  is  different  for 
carbon  tetrachloride-benzene  than  for  n-heptane-methyl- 
cyclohexane.  In  the  packed  columns  used  by  Fenske,  carbon 
tetrachloride-benzene  gives  a  slightly  lower  height  of  equiva¬ 
lent  theoretical  plate  than  n-heptane-methylcyelohexane. 
The  difference  is  small,  however,  compared  to  the  large  differ¬ 
ence  observed  in  this  case. 

These  preliminary  data  indicated  the  desirability  of  con¬ 
structing  a  large  column  of  the  spinning-band  type.  Though 
the  mechanical  features  do  not  seem  to  warrant  the  easy  con¬ 
struction  of  a  long  column  of  this  type,  nevertheless  a  545-cm. 
(18-foot)  column  has  been  built  which  has  proved  to  be 
practical  and  inexpensive. 

Construction  of  Still 

The  supporting  frame  of  the  column  was  made  from  two  5-cm. 
(2-inch)  pipes  held  together  at  intervals  of  73  cm.  by  crosspieces 
of  boiler  plate,  welded  in  place  and  designed  to  facilitate  the  plac- 


Scale  Cm 


Heater  and  insulating  tubes  in  place.  Top  view  of  iron  crosspiece 


ing  of  the  outer  jackets.  This  frame  was  bolted  to 
the  wall  and  was  sufficiently  stable  to  be  used  as  a 
ladder  as  well  as  a  support. 

The  column  consisted  of  a  glass  inner  tube,  about 
6.7-mm.  in  inside  diameter  and  545  cm.  long,  not 
including  the  still  head.  It  was  made  from  150-cm. 
(5-foot)  lengths  of  Pyrex  tubing  which  were  easily 
fused  together  after  lining  them  up  in  the  frame  of 
the  still.  The  spinning  band  which  revolved  inside 
this  long  glass  tube  was  made  from  strips  of  Monel 
metal  30  cm.  long,  6  mm.  wide,  and  1  mm.  thick, 
-r=  held  together  by  links  made  from  soft  Monel  metal 
wire  having  a  diameter  of  0.20  cm.  This  long  spin¬ 
ner  with  no  bearing  but  the  glass  tube  was  fastened  to  the  pulley 
shaft  by  a  piece  of  the  same  kind  of  wire.  The  spinner  had  a 
clearance  of  approximately  0.6  mm.  and  at  speeds  of  950  r.  p.  m. 
had  practically  no  vibration.  The  still  has  been  run  continuously 
for  more  than  a  week  at  a  time  with  no  apparent  wear. 

Though  the  column  is 
rather  long,  it  wras  decided 
to  have  the  heater  coil  jacket 
and  insulating  jacket  made 
of  glass  in  order  to  observe 
conditions  inside  the  tube. 
This  was  made  possible  by 
constructing  the  two  outer 
jackets  in  sections  which 
could  be  slipped  over  the 
inner  tube.  The  heater  coil 
for  each  section  was  wound 
around  a  Pyrex  glass  tube, 
outside  diameter  3  cm., 
which  was  72.5  cm.  long. 
The  coil,  which  was  made 
from  24  B.  S.  gage  Nichrome 
wire  7.2  meters  (24  feet)  long 
(40  ohms),  was  first  wound 
into  a  tight  coil  3  mm.  in 
diameter  and  then  stretched 
and  wound  diagonally 
around  the  glass  tube. 
Pieces  of  asbestos  paper 
were  placed  under  the  coil 
and  bent  up  partly  to  cover 
the  coil.  The  outer  insulat¬ 
ing  jackets  w7ere  made  from 

glass  tubes  of  the  same  length  and  5.2  cm.  in  diameter. 

The  boiler  plate  crosspieces  placed  at  73-cm.  intervals  between 
the  5-cm.  (2-inch)  pipes  of  the  frame  were  6  mm.  thick  and  de¬ 
signed  as  shown  in  Figure  1.  The  hole  in  the  center  was  large 
enough  to  allow  the  large  outer  glass  jacket  to  go  through,  thus 
enabling  one  to  slip  the  heater  and  insulating  jackets  over  the 
lower  end  of  the  inner  continuous  tube  and  build  the  sections 
from  the  top  down. 

A  side  and  top  view  of  the  Transite  blocks  which  held  the 
outer  and  inner  tubes  at  each  section  end  is  shown  in  Figure  2.  A 
hole  was  bored  in  the  center  of  the  block  to  fit  the  inner  tube 
fairly  tightly.  Two  circular  grooves  were  cut  on  both  the  top 
and  bottom  of  the  blocks  in  which  the  outer  jackets  fitted.  The 
blocks  were  then  cut  in  half  and,  after  placing  them  around  the 
inner  tube,  were  bolted  to  the  iron  crosspiece.  Before  the  inner 
tube  was  built,  the  holes  in  the  blocks  wrere  lined  up  and  the  holes 
to  bolt  the  blocks  to  the  frame  were  bored  to  make  sure  that  the 
inner  tube  was  perfectly  in  line. 

A  cross  section  of  the  Transite  block  with  the  heater  and  in¬ 
sulating  tubes  in  place  is  shown  in  Figure  1,  which  is  drawn  to 
scale.  Heater  coil  wires  and  thermocouple  wires  came  out 
through  holes  in  the  Transite  blocks.  With  the  arrangement  all- 
glass  columns  of  any  length  can  be  readily  constructed  and  easily 
taken  apart  for  repairs. 

The  bottom  end  of  the  inner  tube  had  an  interchangeable 
ground-glass  joint,  while  the  still  head  was  designed  as  shown  in 
Figure  3.  It  was  constructed  with  a  trap  at  the  bottom  of  the  re¬ 
flux  condenser  to  enable  all  of  the  returning  liquid  to  flow  through 
the  side  tube.  This  allows  one  to  take  off  a  representative  fraction 
at  all  times  and  to  measure  the  return  to  the  still.  With  a  simple 
screw  adjustment  the  rate  of  take-off  can  be  readily  regulated. 

By  fitting  the  bearing  of  the  spinner  with  a  packing,  the  still 
can  be  used  for  vacuum  distillation.  It  has  been  run  at  a  pressure 
of  1  mm.  for  several  hours  without  any  difficulty  in  maintaining  a 
vacuum.  A  150-liter  (40-gallon)  drum  was  placed  in  the  system 
to  keep  the  pressure  constant  when  fractions  were  taken  off 
through  the  fraction  cutter.  The  pressure  above  the  boiler  liquid, 
as  measured  by  a  manometer  filled  w'ith  butyl  phthalate  and 
calculated  to  mercury,  was  only  1.7  mm.  This  small  pressure 
drop  enables  the  still  to  be  used  for  vacuum  work. 


Figure  2.  End  and  Top 
View  of  Transite  Block 
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Table  II.  Determination  of  Time  to  Reach  Equilibrium 

Hours 
after 
Operat- 


ing  Con¬ 

Frac¬ 

Through¬ 

Refractive 

Mole  Fraction 

Theo¬ 

ditions 

tion 

put  per 

Index  20° 

n-Heptane 

retical 

Reached 

No. 

Min. 

Cc. 

Head 

Pot 

Head 

Pot 

Plates 

0.0° 

1 

2.7 

1.4010 

1.4178 

0.60 

0.125 

35.0 

2.0 

2 

2.7 

1 . 3933 

1.4180 

0.820 

0.120 

51.8 

3.0 

3 

2.7 

1.3906 

1.4182 

0.910 

0.115 

64.5 

10.5 

4 

2.7 

1.3904 

1.4190 

0.920 

0.095 

69.4 

17.0 

5 

2.7 

1 . 3898 

1.4192 

0.930 

0.090 

72.3 

21.0 

6 

2.7 

1.3908 

1.4197 

0.900 

0.085 

68.0 

put  of  5  cc.  per  minute  the  value  at  equilibrium 
was  48  plates.  This  approaches  the  maximum 
throughput,  as  slight  flooding  was  observed  at 
the  joints  of  the  spinner.  Lesesne  (7)  also  ob¬ 
served  that  the  plate  value  fell  off  with  increased 
throughput.  Increasing  the  speed  to  1900  r.  p.  m. 
did  not  appreciably  affect  the  plate  value,  which 
is  also  characteristic  of  the  spinning-cone  type  of 
column. 

The  total  holdup  of  the  column,  including  the 
still  head  as  measured  by  the  method  of  Fenske 
(10),  was  only  7.9  cc.  Subtracting  the  non- 
drainable  holdup  of  the  head — namely,  0.8  cc. — 
leaves  only  7.1  cc.  as  the  holdup  of  the  column. 
The  nondrainable  holdup  of  the  still  and  head  is  2.8  cc.  A 
holdup  as  small  as  7.1  cc.  or  0.1  cc.  per  plate  would  allow  one 
to  fractionate  as  little  as  25  cc.  of  liquid  and  at  the  same  time 
have  the  separating  power  of  a  still  rating  approximately 
70  theoretical  plates. 

All  descriptions  of  columns  in  the  literature  stress  the  low 
height  of  equivalent  theoretical  plate  and  fail  to  mention 
the  relationship  between  holdup  and  number  of  plates.  This 
relationship  controls  the  sharpness  of  separation  and,  when 
dealing  with  small  quantities  of  liquids,  is  just  as  important 
as  the  height  of  equivalent  theoretical  plate.  Where  head 
room  is  available  it  is  much  better  to  have  a  column  rating 
one  theoretical  plate  for  7.0  cm.  of  height  but  holding  0.1 
cc.  of  liquid  than  to  have  one  theoretical  plate  for  1.0  cm.  of 
height  but  holding  0.7  cc.  of  liquid.  The  data  for  this  column 
indicate  that  it  is  outstanding  in  low  holdup  per  theoretical 
plate  and  at  the  same  time  has  a  high  separating  power. 

Characteristics  of  Column  under  Operating 
Conditions 

In  using  a  fractionating  column  one  is  particularly  interested 
in  the  rate  of  take-off  and  how  it  affects  the  separating  power 
of  the  column.  In  order  to  find  this  effect,  the  still  was 
brought  to  equilibrium  at  a  constant  throughput  and  then 
successive  fractions  were  taken  off  at  a  constant  rate  from 
both  the  top  of  the  column  and  the  pot.  Using  a  large  volume 
of  liquid  to  start  with,  the  small  fractions  removed  did  not 
noticeably  affect  the  pot  composition.  From  these  data  the 
plate  equivalences  can  be  calculated  for  different  reflux 
ratios.  The  term  “plate  equivalence”  as  used  here  is  defined 
as  equal  to  the  number  of  theoretical  plates  which  would  be 
required  at  total  reflux  to  produce  the  observed  separation. 
In  Table  III  these  data  are  collected  and  are  expressed  as  per 
cent  of  the  number  of  theoretical  plates  at  total  reflux — that 
is,  percentage  plate  equivalences.  The  data  clearly  indicate 


H.E. 

t.  p. 

Cm. 

15.3 
10.5 

8.5 
7.8 

7.5 
8.0 

°  One  hour  required  before  refluxing  started  and  0.5  hour  later  rate  of  throughput  was 
adjusted  to  2.7  cc.  per  minute.  This  was  called  zero  time.  Speed  980  r.  p.  m. 


Characteristics  of  Column 

The  theoretical  plate  value  of  the  still  was  determined  by 
using  a  mixture  of  n-heptane  and  methylcyclohexane.  Both 
compounds  were  distilled  through  the  still  and  only  those 
fractions  were  used  which  agreed  with  the  index  of  refraction 
given  in  the  literature.  The  plate  value  was  calculated  using 
the  formula  derived  by  Fenske  (5)  and  a  relative  volatility 
value  of  1.07  ( 1 ) .  The  mole  per  cent  values  of  the  two  constitu¬ 
ents  in  the  head  and  pot  fractions  were  determined  from  the 
data  of  Bromiley  and  Quiggle  (2). 

Table  II  gives  the  data  collected  to  determine  the  time 
necessary  for  equilibrium  to  be  established.  The  still  in  3 
hours  reached  a  plate  value  of  64.5  plates  and  then  slowly 
climbed  to  an  average  of  about  70  plates.  These  data  were 
taken  at  a  throughput  of  2.7  cc.  per  minute.  At  a  through- 


Table  III.  Percentage  Plate  Equivalences0  at  Various 

Throughputs 

(A  value  of  70  for  the  number  of  theoretical  plates  at  total  reflux  is  assumed) 
Distillation  rate,  cc. 

per  hour:  1.25  2.4  6.0  3  6  10.9  24 

Throughput  160  cc.  Throughput  300  cc. 


Distilled 

Cc. 

1 

95 

per  hour 

81 

68 

per 

70 

hour 

69 

65 

2 

83 

90 

98 

62 

62 

62 

57 

3 

82 

80 

66 

61 

53 

55 

51 

4 

76 

70 

45 

57 

50 

50 

45 

5 

75 

61 

36 

57 

47 

43 

40 

6 

78 

61 

32 

45 

40 

36 

7 

71 

64 

32 

44 

36 

32 

8 

73 

64 

31 

42 

34 

29 

9 

69 

40 

32 

28 

10 

69 

37 

31 

24 

11 

•  • 

36 

30 

24 

Arbitrarilv  defined 

plate  equivalence  at  operating  conditions 
as  - - - -  X 

100. 

theoretical  plates  at  total  reflux 
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Table  IV.  Theoretical  Plates  and  Column  Efficiencies 
Compared  to  Total  Reflux 


Theoreti¬ 

Minimum 

Composition  of 

cal  Plates 

Theoreti¬ 

Reflux 

Mole  Fractions  of 

at  Operat¬ 

cal  Plates 

Effi¬ 

Ratio, 

Methylcyclohexane 

ing  Condi¬ 

at  Total 

ciency, 

L/D 

Pot 

Head 

tions 

Reflux 

% 

Throughput  160  cc.  per  hour 

122.7 

0.830 

0.165 

56 

47 

84.0 

67.5 

0.820 

0.175 

91 

45 

50 . 0 

27 

0.475 

0.170 

•• 

Throughput  300  cc.  per  hour 

100 

0.740 

0.160 

51 

40 

80.0 

50 

0.470 

0.135 

41 

26 

63.4 

27.5 

0.375 

0.125 

12.5 

0.275 

0.110 

•  • 

that  the  separating  power  of  the  column  rapidly  decreases  to  a 
minimum  and  that  this  value  is  dependent  on  the  reflux  ratio. 
Being  a  batch  still,  this  minimum  value  will  not  remain  con¬ 
stant  but  the  rate  of  change  will  be  much  slower  than  the 
change  preceding  this  steady  state. 

To  find  the  true  theoretical  plate  value  of  the  column  under 
operating  conditions,  the  method  of  Dodge  and  Huffman  (4) 
was  used.  Only  data  at  the  point  where  the  rate  of  change 
was  very  small  were  used,  since  it  was  evident  that  the  num¬ 
ber  of  theoretical  plates  under  operating  conditions  decreased 
to  this  minimum  value.  These  data  are  fisted  in  Table  IV  in 
the  fourth  and  fifth  columns.  The  ratio  of  these  two  values  ex¬ 
pressed  as  per  cent  represents  the  efficiency  of  the  column  for 
the  indicated  operating  conditions. 

The  data  gave  conditions  that  were  not  operative  when  the 
reflux  ratio  was  less  than  50.  The  enrichment  is  too  large, 
indicating  that  a  steady  state  had  not  been  reached.  If  a 
larger  number  of  fractions  had  been  taken,  the  enrichment 
would  probably  have  decreased  to  an  operative  condition.  The 
number  of  theoretical  plates  at  operating  conditions  of  reflux 
ratio  67.5  and  a  throughput  of  160  cc.  per  hour  is  rather  high. 
The  record  of  this  run  shows  that  some  trouble  was  experi¬ 
enced  in  keeping  the  throughput  constant,  because  of  changes 
in  room  temperature.  This  would  indicate  that  a  steady  state 
had  not  been  reached  and  probably  this  number  would  de¬ 
crease  and  approach  the  84  per  cent  efficiency  noted  at  the 
reflux  ratio  of  122.7.  The  data  indicate  that  at  the  highest 
reflux  ratios  used  the  over-all  efficiency  is  approximately  80 
per  cent  regardless  of  throughput.  At  reflux  ratios  between 
50  and  67.5  the  over-all  efficiency  is  probably  near  60  per  cent. 
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Suction  Filtration  Apparatus 
for  Sampling  Filtrates  under 
Constant  Pressure 

EDWARD  T.  FUKUNAGA  and  L.  A.  DEAN 

Hawaii  Agricultural  Experiment  Station, 
University  of  Hawaii,  Honolulu 


IN  MANY  laboratory  operations  requiring  suction  filtra¬ 
tion,  it  is  necessary  to  remove  small  portions  of  the  filtrate 
in  rapid  succession  for  purposes  of  testing. 

In  order  to  obtain  clear  filtrates  continuously  while  han¬ 
dling  many  materials  on  Buchner  funnels,  constant  pressure  on 
the  paper  must  be  maintained ;  a  sudden  release  of  the  pres¬ 
sure  results  in  a  cloudy  filtrate  when  the  filtration  is  resumed. 
The  apparatus  illustrated  has  been  satisfactorily  used  in  this 
laboratory  for  several  years.  It  eliminates  slow  and  clumsy 
manipulations  with  a  suction  flask  and  allows  rapid  removal 
of  aliquots  of  the  filtrate  without  any  disconnections  or 
changes  in  pressure. 


For  normal  operation,  all  stopcocks  are  opened,  allowing  the 
filtrate  to  flow  into  the  suction  flask.  To  sample  the  filtrate,  close 
stopcock  A,  allow  chamber  I  to  fill  with  the  desired  quantity, 
close  stopcock  B,  turn  stopcock  C  allowing  chamber  I  to  come  to 
atmospheric  pressure,  and  draw  off  filtrate  by  turning  stopcock  A 
to  the  second  position.  Then  close  A,  turn  C  to  the  off  position, 
and  slowly  open  B.  The  liquid,  which  has  collected  in  chamber 
II,  may  be  run  into  chamber  I  and  drawn  off,  or  it  may  be  run 
into  the  suction  flask.  The  suction  flask  may  be  removed  at  any¬ 
time  after  A  and  D  are  closed. 


Published  with  the  approval  of  the  Director  as  Technical  Paper  65  of  the 
Hawaii  Agricultural  Experiment  Station. 


Accurate  Timing  Equipment  for  Viscosity 

Determinations 

E.  M.  FRY,  Jr.,  and  E.  L.  BALDESCHWIELER 
Standard  Oil  Development  Co.,  Linden,  N.  J. 


A  method  and  apparatus  for  obtaining  accurate  timing  for  short  intervals  are  de¬ 
scribed.  The  accuracy  is  better  than  ±0.1  per  cent  on  intervals  of  100  seconds  and  over. 


Figure  1.  Wiring  Diagram  of  Timing  System 


Figure  2.  Apparatus 


1. 

Constant-frequency  generator 

7. 

Voltmeter 

2 

Motor-driven  contactor 

8. 

210°  F.-bath 

3. 

Variable  transformer 

9. 

100°  F.  bath 

4. 

Electric  counters 

10. 

Temperature  control  equip¬ 

5. 

Toggle  switches 

ment  for  baths 

6. 

Telechron  clock 

11. 

Ubbelohde  viscometers 

THE  determination  of  viscosities  requires 
rigid  control  of  both  time  and  tempera¬ 
ture  if  accurate  measurements  are  desired. 
The  timing  problem  has  been  particularly 
difficult  to  solve,  since  one  is  concerned  not 
only  with  absolute  time,  but  also  with  being 
able  to  reproduce  short-time  intervals  with 
a  high  degree  of  accuracy. 

This  laboratory  carries  out  daily  a  large 
number  of  viscosity  determinations  and  has 
had  considerable  experience  with  various  types 
of  timing  devices,  all  of  which  have  presented 
some  objectionable  features.  This  statement 
applies  particularly  to  stop  watches.  Electric 
clocks  and  timers  normally  are  satisfactory, 
provided  electric  power  of  constant  frequency 
is  available.  Even  when  the  power  is  supplied 
by  a  large  utility  system,  however,  variations 
may  be  as  high  as  ±0.2  cycle,  which  may 
cause  an  error  of  ±0.3  per  cent  in  the  timing. 
This  accuracy  has  been  improved  upon  by 
the  installation  of  a  constant-frequency  gen¬ 
erator  and  accessory  apparatus  which  have 
been  in  use  for  almost  2  years  and  have  proved 
satisfactory. 

The  electrical  wiring  diagram  is  shown  in 
Figure  1.  The  constant-frequency  generator 
consists  of  a  tuning  fork  oscillator,  the  tuning 
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fork  being  enclosed  in  a  partial  vacuum.  These  units  have  an 
accuracy  of  better  than  10  parts  per  million  when  they  leave 
the  factory.  This  is  very  much  better  than  needed  and  an  ac¬ 
curacy  of  50  parts  per  million  or  1  part  in  20,000  is  easily  main¬ 
tained  with  frequency  variations  of  =*=2  cycles  and  fluctuations 
of  ±10  volts  in  the  power  supply.  This  unit  was  originally  de¬ 
veloped  for  manufacturers  of  timing  equipment  and  uses  standard 
radio  tubes  which  can  be  obtained  at  any  radio  store.  The  gen¬ 
erator  need  only  be  turned  on  when  needed,  because  factory  ac¬ 
curacy  is  obtained  a  few  seconds  after  throwing  the  switch.  As 
can  be  seen  in  Figure  2,  the  generator  is  a  small  and  compact  unit, 
about  18  inches  long,  12  inches  deep,  and  10  inches  high.  The 
Telechron  clock  across  the  output  of  the  oscillator  is  checked 
against  Arlington  time  signals  and  a  time-rate  error  of  less  than 
0.3  second  per  day  is  obtained.  The  output  of  this  generator  is 
about  8  watts  and,  therefore,  a  special  high-torque,  low-power 
motor  is  required. 

The  motor-driven  contactor,  operated  from  the  output  of  the 
generator,  consists  of  a  motor  geared  to  an  output  speed  of  600 
r.  p.  m.  In  order  to  obtain  good,  snappy  operation  on  the  count¬ 
ers,  the  breaker  points  are  set  so  that  the  circuit  is  closed  for  135° 
and  open  for  225°  on  each  revolution.  The  capacitance  of  the 
condenser  across  the  breaker  points  shown  in  Figure  1  should  be 
determined  experimentally. 

Various  counting  devices  on  the  market  operate  on  110-volt 
60-cycle  power  supply.  With  alternating  current  there  is, 
however,  an  unfavorable  heterodyning  effect  between  the 
constant-frequency  source  which  drives  the  motor-driven 
contactor  and  the  power  to  the  counters.  This  has  the  effect 


of  supplying  varying  amounts  of  power  to  the  counters  and, 
in  order  to  eliminate  any  possible  skipping,  the  voltage  on  the 
counters  is  controlled  to  125  =*=  2  volts. 

This  is  easily  done  by  means  of  a  variable  transformer,  3  (Fig¬ 
ure  2).  The  voltmeter,  7,  is  connected  across  the  output  of  the 
variable  transformer  and  is  mounted  conveniently  near  the 
counters,  4,  so  that  the  operator  can  glance  at  it  from  time  to 
time.  However,  it  is  felt  that  direct  current-operated  counters 
would  eliminate  this  condition  entirely.  The  use  of  direct  cur¬ 
rent  may  introduce  a  little  contact  trouble,  but  with  some  ex¬ 
perimentation  the  correct  condenser  across  the  breaker  points 
will  cut  this  to  a  minimum.  With  alternating  current,  no  trouble 
whatsoever  has  been  experienced  with  the-breaker  points  and  oc¬ 
casionally  as  many  as  twenty  counters  have  been  operated  at  one 
time. 

In  order  to  check  the  counters  against  each  other,  they  are 
started  and  stopped  in  pairs.  To  check  against  the  Telechron 
clock,  the  counters  are  started  every  minute  until  six  or  eight  are 
running  simultaneously.  Then,  after  approximately  10  minutes, 
the  counters  are  turned  off  in  pairs.  This  procedure  will  com¬ 
pensate  any  error  due  to  the  operator.  The  switches,  5,  are  well 
constructed  toggle  switches,  such  as  are  used  in  regular  electrical 
installations. 

The  ultimate  accuracy  in  any  short-period  determination 
on  this  equipment  is  =>=0.1  second  and  in  order  to  bring  the 
timing  accuracy  to  less  than  =*=0.1  per  cent,  total  efflux  times 
of  about  100  seconds  or  over  should  be  used. 


A  New  Design  of  Combustion  Boat  Tongs 

H.  F.  PRIEST 

Williams  College,  Williamstown,  Mass. 


SKILLED  workers  are  able  to  insert  a  combustion  boat 
into  a  furnace  with  great  agility,  using  a  hooked  wire. 
As  an  aid  to  the  less  skilled  worker  or  in  case  the  combustion 
boat  has  to  be  removed  and  replaced  in  the  furnace  at  an 
exact  position  during  a  run,  a  very  simple  and  useful  type  of 
combustion  tongs  has  been  designed  in  the  author’s  laboratory. 
These  tongs  have  been  in  use  for  over  a  year  without  upsetting 
a  single  combustion  boat. 

The  tongs  are  illustrated  in  the  drawing.  The  boat  is 
firmly  clamped  during  the  time  it  is  being  placed  in  the  com¬ 
bustion  tube  and  being  removed  from  it. 

a  is  a  brass  disk  of  such  diameter  as  to  fit  smoothly  into  the 
combustion  tube,  bb  are  small  jaws  pivoted  on  disk  a  in  such  a 
manner  that  the  whole  assembly  slides  smoothly  in  the  tube. 
When  parallel  the  jaws  are  spaced  at  the  width  of  the  combustion 
boat  being  used,  c  is  a  bar  fastened  to  the  bottom  of  a,  and  is 
about  twice  as  long  as  the  distance  to  be  reached  in  the  tube. 
The  end  is  turned  up  as  a  guide  for  d. 

d  is  a  rod  fitted  with  a  knob  for  turning  and  with  a  threaded 
portion  passing  through  a  block,  e,  which  is  fastened  to  c.  /  is  a 
cone  on  the  end  of  d,  against  which  the  short  ends  of  the  jaws,  bb, 
fit.  g  is  a  coil  spring  which  keeps  the  short  ends  of  the  jaws  tight 
against  the  cone. 


In  use,  d  is  turned  by  means  of  the  knurled  knob  and  as  it  ad¬ 
vances,  owing  to  the  threaded  portion  in  e,  the  bent  ends  of  bb  are 
spread,  causing  the  jaws  to  grasp  the  boat  firmly.  Before  inser¬ 
tion  in  the  furnace,  the  boat  is  placed  on  a  flat  surface,  and  the 
tongs  are  set  on  it  and  tightened.  It  is  then  slid  into  the  furnace 
to  some  predetermined  mark  on  the  rod,  the  jaws  are  released, 
and  the  tongs  are  withdrawn.  The  disk,  a,  guides  the  tongs. 
Since  the  boat  is  placed  in  the  tongs  on  a  flat  surface,  it  does  not 
drop  but  is  merely  released.  To  remove  the  boat  from  the  tube 
the  tongs  are  slid  into  the  tube  to  the  mark  and  d  is  turned  until 
the  tension  indicates  that  the  boat  is  firmly  grasped,  when  the 
boat  may  be  easily  and  safely  withdrawn. 

The  advantages  of  these  tongs  over  the  usual  hooked  wire 
are:  (1)  The  boat  is  held  firmly  and  rigidly  while  being 
moved  in  the  combustion  tube.  (2)  The  position  of  the  boat 
in  the  furnace  is  easily  determined  and  may  be  reproduced 
exactly.  (3)  Boats  are  placed  in  opaque  tubes  with  as  great 
facility  as  in  transparent  tubes.  (4)  The  tongs  expedite 
the  work  in  combustion  analysis,  provided  that  they  are 
not  used  in  furnaces  whose  temperature  is  above  500°  C., 
since  at  higher  temperatures  the  spring  and  the  brass  are 
affected. 


Research  in  Organ ometallic  Problems 

V.  L.  GILLILAND,  University  of  Maine,  Orono,  Maine 


THE  accompanying  photographs  show  research  equipment 
devised  and  used  at  the  University  of  Maine  for  research 
in  organometallic  problems.  These  studies  involve  preparing 
and  handling  the  alkyl  derivatives  of  zinc,  phosphorus,  mer¬ 
cury,  and  arsenic,  as  well  as  nickel  carbonyl  and  various 
Grignard  reagents. 


Special  precautions  are  taken  to  avoid  contact  with  air, 
which  would  result  in  autoxidation,  and  to  secure  quantita¬ 
tive  reaction  studies.  The  automatic  generation  of  carbon 
monoxide  is  especially  convenient  for  metal  carbonyl  prepa¬ 
ration,  while  nitric  oxide  is  used  in  making  nitrosyl  de¬ 
rivatives  and  in  other  reactions. 


Upper  Left.  Detail  of  Automatic  Carbon  Monoxide  Generator;  Formic  Acid  Feed  into  Generating 
Flasks  on  Right;  Purifying  Towers  and  Escape  Valve-  on  Left 

Upper  Right.  General  View  of  Gas  Generators;  Carbon  Monoxide  on  Left,  Nitric  Oxide  on  Right, 

Meter  Bath  in  Foreground 


Lower  Left.  Extension  of  Gas-Generating  Apparatus  at  Upper  Right,  Showing  Displacement  Meters 

for  Measuring  Gas 

Lower  Right.  Extension  of  Apparatus  at  Lower  Left,  Showing  (Right)  Mercury  Compression  Pump  to 
Reach  3  Atmospheres’  Pressure  and  (Left)  Mercury  Fall  Pump.  Nickel  Carbonyl  Is  in  Preparation 

(Liquid  in  Bulb  in  Center) 
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Upper  Left.  A  250- 
Ml.  Reaction  Flask 
with  Special  Stop¬ 
cock  System  to  Al¬ 
low  All  Bores  and 
Connections  to  Be 
Swept  with  Inert 
Gas  Before  Admit¬ 
ting  Active  Liquids 


UpperCenter.  Prep¬ 
aration  of  Tri- 
methyl  Phosphine: 
470  Grams  of  Zinc 
Methyl  (Right) 
About  to  Be  Added 
to  Reaction  Flask. 
Note  Arrangements 
for  Sweeping 


Upper  Right. 
Zerewitenoff  Setup 
for  Active  Hydrogen 
and  Reactive  Car¬ 
bonyl  Determina¬ 
tion,  Using  Ethyl 
Ether  as  Solvent 


Left  Center.  Preparation  of  a  Grignard  Reagent 
in  Column  Outfit.  Finished  Reagent  Has  Just 
Been  Siphoned  to  a  Reagent  Holder  from  Flask  in 
Which  It  Accumulated 


Right  Center.  Photochemical  Effect  of  Re¬ 
action  of  Nitric  Oxide  and  Nickel  Carbonyl 


Lower  Right.  Detail  of  Zerewitenoff  Outfit, 
Showing  Purifying  Jar  for  Removing  Ether  Va¬ 
pors,  and  a  Modified  Reaction  Flask 


The  photograph  (right  center)  of  W.  L.  Gilliland  was  taken  in  a 
darkened  room  by  the  light  of  the  reaction.  The  vapors  of 
nickel  carbonyl  give  a  slight  initial  reaction  with  pure  nitric 
oxide.  After  this  is  complete,  the  resulting  mixture  will  autoxi- 
dize  on  contact  with  air,  producing  voluminous  white  fumes  of 
nickel  nitrite;  or  it  will  ignite  with  a  brilliant  flash  upon  being 


lighted.  This  flash  does  not  represent  oxidation  by  air,  but  a 
reaction  between  the  constituents  of  the  gas  mixture,  and  can  be 
produced  in  the  absence  of  air.  This  is  the  first  picture  ever 
taken,  using  as  a  source  of  light  this  reaction,  which  was  dis¬ 
covered  a  year  ago  and  reported  at  the  Boston  meeting  of  the 
American  Chemical  Socibty. 


Vacuum  Tube  Voltmeter 

Application  to  Potentiometric  Precipitation  Titrations 

LLOYD  E.  WEST1  WITH  REX  J.  ROBINSON 
University  of  Washington,  Seattle,  Wash. 


BIMETALLIC  electrodes  in  potentiometric  titrations  have 
so  far  found  their  greatest  utility  in  connection  with 
oxidation-reduction  reactions.  During  an  investigation  of 
the  use  of  bimetallic  electrodes,  with  particular  emphasis  on 
precipitation  reactions,  a  vacuum  tube  voltmeter  was  as¬ 
sembled  according  to  the  specifications  of  Kinney  and  Garman 
(3).  While  this  apparatus  was  satisfactory  for  oxidation- 
reduction  reactions  as  Kinney  and  Garman  had  used  it,  it 
was  too  unstable  for  precipitation  titrations  described  in  this 
paper.  Their  circuit  was  modified  to  increase  the  stability 
of  the  apparatus  to  permit  such  titrations,  thus  widening  the 
utility  of  such  systems. 

Description  of  Voltmeter 

The  circuit  diagram  is  shown  in  Figure  1.  A  Cunningham 
Radiotron  vacuum  tube,  type  22,  was  selected  because  it  seemed 
to  have  the  most  desirable  characteristics  (5)  for  the  purpose  at 
hand. 


1  Present  address,  Department  of  Chemistry,  Oregon  State  College, 
Corvallis,  Ore. 


Figure  1.  Voltmeter 

A.'  Microammeter  (scale  0-300) 

C.  Titration  cell 
Ri.  5000  ohms 
Ri.  25  ohms 

Rz.  10,000-ohm  panel-type  potentiometer 

Si,  S 2.  Switches 

■S3.  Control  grid  switch 

T.  Vacuum  tube,  type  22 

Vi.  4-volt  storage  A  battery 

Vi.  2-volt  storage  C  battery 

Vz.  45-volt  dry  B  battery 


The  positive  pole  of  the  2-volt  battery,  Vi,  was  connected  to 
the  negative  pole  of  the  4- volt  battery,  Vi,  thus  allowing  the  6- 
volt  storage  battery  to  serve  a  double  purpose.  As  a  precau¬ 
tion  against  drift  and  instability  the  vacuum  tube  and  other 
parts  easily  affected  by  stray  currents  were  enclosed  in  a  copper 
screen-covered  box,  which  was  electrically  grounded.  Controls 
through  a  Bakelite  panel  led  into  the  box  to  operate  the  filament 
rheostat,  a  battery  switch,  the  panel-type  potentiometer,  and  the 
control  grid  switch.  The  vacuum  tube  was  placed  inside  the 
box  in  a  stoppered  glass  cylinder,  in  the  bottom  of  which  was 
placed  a  layer  of  Desicchlora  to  maintain  a  dry  atmosphere. 


Axis  of  rotation 


The  cylinder  was  closed  with  a  rubber  stopper  through  which 
passed  the  electrical  leads  from  the  tube  socket  terminals.  The 
wire  from  the  grid  of  the  tube  also  passed  through  the  stopper 
but  was  insulated  from  it  by  encasing  in  a  1-cm.  glass  tube  and 
filling  with  sulfur.  The  control  grid  switch  was  mounted  on  the 
rubber  stopper  as  shown  in  Figure  2.  The  top  part  of  the  glass 
tubing  which  carried  the  grid  lead  through  the  stopper  was  used 
as  a  cup  for  the  mercury  grid  swatch.  A  flexible  insulated  ware  on 
the  shaft  of  the  switch  led  out  of  the  box  to  the  titration  cell. 
The  length  of  the  grid  lead  from  the  tube  to  the  titration  cell 
was  less  than  15  cm.  (6  inches). 

Tests  with  the  apparatus  showed  its  free  grid  potential  to  be 
—  0.23  volt  and  its  voltage  sensitivity  to  be  3.2  millivolts  per 
microampere.  Although  this  voltage  sensitivity  was  adequate 
for  the  determination  of  the  end  points  for  most  of  the  reactions 
investigated,  an  increased  sensitivity  of  1.25  millivolts  per  unit 
scale  of  deflection  resulted  from  substituting  a  galvanometer 
(Leeds  &  Northrup  No.  2320  D.  current  sensitivity  5  X 
10-7  ampere)  for  the  microammeter  (Weston  direct  current 
microammeter  Model  1).  The  maximum  current  flowing  through 
the  grid  while  operating  near  the  free  grid  potential  wras  found 
to  be  less  than  3  X  10" 11  ampere. 

Operation  of  Instrument 

The  electrodes  were  conveniently  mounted  upon,  and  insulated 
from,  the  frame  of  the  motor  stirrer.  The  electrodes  were  con¬ 
nected  so  that  the  increasing  negative  pole  wras  attached  to  the 
grid  lead  of  the  vacuum  tube.  With  switches  S2  and  S3  (Figure  1) 
open,  Si  was  closed.  With  the  aid  of  a  voltmeter  not  shown  in 
the  figure,  R->  was  adjusted  so  that  3.3  volts  were  applied  to  the 
filament  of  the  tube.  Switch  Si  w'as  then  closed  and  by  adjust- 
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Figure  3.  Titration  of  Sulfate  with  Barium 


ment  of  Ri  the  microammeter  needle  was  set  at  any  convenient 
value.  The  grid  was  then  set  at  free  grid  potential  by  closing 
switch  Sz  and  adjusting  Rz  until  the  microammeter  needle  was 
again  at  its  original  setting.  By  adjusting  the  grid  to  free  grid 
potential  before  titration  was  begun  and  by  connecting  the  elec¬ 
trodes  in  the  manner  indicated,  the  grid  was  prevented  from  be¬ 
coming  positive  during  the  titration. 

Many  vacuum  tube  voltmeters  described  in  the  literature 
are  more  elaborate,  costly,  and  sensitive  than  necessary  for 
use  with  bimetallic  electrodes  in  titrations  such  as  those  de¬ 
scribed  in  this  paper.  The  apparatus  as  described  here  is 
characterized  not  only  by  its  simplicity  but  also  by  its  sta¬ 
bility.  Its  free  grid  potential  -with  respect  to  the  negative 
end  of  the  filament  is  0.23  volt  and  at  the  beginning  of  a 
titration  adjustment  to  this  voltage  is  easily  made  in  the 
manner  described .  The  filament  of  the  vacuum  tube  operates 
on  only  0.13  ampere.  Although  the  storage  cells  furnish  a 
current  of  this  magnitude  with  little  fluctuation,  the  same 
storage  cells  are  used  to  balance  out  the  initial  steady  portion 
of  the  plate  circuit.  Thus  any  fluctuation  in  the  current 
from  the  filament  battery  is  minimized  in  its  effect  on  the 
microammeter  in  the  plate  circuit.  Under  the  conditions  of 
operation  no  fluctuation  of  the  microammeter  needle  could 
be  detected  over  a  30-minute  period.  During  the  course  of  a 
titration  the  change  of  potential  between  the  electrodes  of  the 
titration  cell  would  produce  corresponding  changes  in  the 
microammeter  reading.  Except  near  the  end  point  only  a 
few  seconds  were  required  for  the  potential  between  the  elec¬ 
trodes  to  reach  a  steady  state.  If  a  well-defined  end  point 
was  not  apparent  from  the  titration  data,  it  was  obtained 
graphically  by  plotting  the  change  in  microamperes  per  unit 
volume  of  titrant  against  the  corresponding  volume  of  titrant. 

Precipitation  Reactions 

Bimetallic  electrodes  have  not  been  extensively  used  in  the 
potentiometric  titration  of  ions  by  precipitation  reactions. 
One  reason  for  this  has  been  the  small  and  somewhat  variable 


potential  change  at  the  end  point  in  most  titrations.  In  the 
titration  of  the  halides  with  the  silver  ion  various  electrode 
pairs  have  been  used.  It  has  been  suggested  ( 6 )  that  in  this 
titration  the  indicating  electrode  becomes  plated  with  silver 
and  then  acts  as  a  silver  electrode.  On  the  other  hand,  in 
acid-base  titrations  French  and  Kahlenberg  (I)  believed  the 
potential  between  the  electrodes  to  be  due  largely  to  absorbed 
gases,  that  caused  the  electrodes  to  function  as  gas  electrodes. 
In  the  titration  of  magnesium  (4)  or  copper  (2)  ions  with 
sodium  hydroxide  it  is  probable  that  the  indicating  electrode 
acts  as  a  gas  electrode. 

Using  the  apparatus  described  above,  it  was  easy  to  detect 
the  end  point  of  certain  precipitation  reactions.  Not  only 
was  chloride  titrated  with  silver  ion  and  magnesium  ion  with 
hydroxyl  but  sulfate  was  titrated  with  barium  ion.  The 
titration  time  varied  between  5  and  15  minutes,  depending 
upon  the  titration  reaction,  the  electrodes,  and  the  rate  of 
stirring. 

Determination  of  Sulfate.  For  the  titration  of  sulfate  10 
ml.  of  a  standard  potassium  sulfate  solution  were  placed  in  a 
150-ml.  titration  beaker  and  50  to  60  ml.  of  water  plus  25  ml. 
of  acetone  were  added.  Natural  graphite  was  used  as  the 
reference  electrode  and  approximately  7.5  cm.  (3  inches)  of  No. 
20  tungsten  or  platinum  wire  as  the  indicating  electrode.  The 
solution  was  vigorously  stirred  as  the  barium  chloride  solution 
was  added.  After  each  addition  of  barium  chloride  sufficient 
time  was  allowed  for  the  electrodes  to  reach  a  steady  state  as 
indicated  by  the  microammeter.  Table  I  shows  typical  data  ob¬ 
tained  during  a  titration.  The  end  point  can  be  determined  by 
inspection  of  the  data,  but  they  have  been  plotted  in  Figure  3 
to  show  graphically  the  sharpness  of  the  end  point. 

The  barium  chloride  solution  was  prepared  0.5000  M  by 
weighing  pure  barium  chloride  dihydrate  as  a  primary  standard. 
Analysis  of  this  solution  for  its  barium  content  by  precipitating 
and  weighing  barium  sulfate  verified  this  concentration  at  least 
to  within  1  part  in  2500.  For  titration  of  10-ml.  aliquot  portions 
of  the  potassium  sulfate  solution  9.58,  9.57,  9.54,  9.56,  9.56,  and 
9.60  ml.  of  the  barium  chloride  solution  were  required.  This 
indicated  0.383  gram  of  sulfur  trioxide  to  be  present  per  aliquot, 
whereas  0.399  gram  of  sulfur  trioxide  had  been  the  value  ob¬ 
tained  by  weighing  the  potassium  sulfate  as  a  primary  standard 
as  well  as  by  precipitating  and  weighing  barium  sulfate. 

The  precision  of  the  potentiometric  titration  was  satis¬ 
factory,  but  the  results  were  about  4  per  cent  low.  Though 
its  accuracy  was  such  that  this  method  of  titration  cannot  be 
recommended  for  quantitative  work,  the  results  have  con¬ 
siderable  theoretical  interest  because  the  end  point  of  such  a 
titration  can  be  detected  with  bimetallic  electrodes.  How¬ 
ever,  no  theory  is  presented  to  account  for  the  manner  in 
which  the  indicating  electrode  functioned.  The  change  in 


Table  I.  Titration  of  Sulfate  with  Barium 


Microamperes 

BaCh 

0.01  Ml. 

Ml. 

Microamperes 

9.00 

28 

0.0 

9.20 

28 

0.1 

9.42 

30 

0.4 

9.47 

32 

1.3 

9.50 

36 

2.2 

9.54 

45 

3.0 

9.58 

57 

3.0 

9.61 

66 

2.0 

9.63 

70 

1.3 

9.71 

74 

0.5 

9.82 

76 

0.1 

10.10 

78 

End  point,  9.58  ml. 
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potential  at  the  end  point  was  not  great  but  was  definite. 
The  potential  across  the  titration  cell  attained  a  steady  state 
in  the  presence  of  a  water-acetone  mixture  more  readily  than 
in  a  water  medium.  Thus  the  presence  of  the  acetone  en¬ 
abled  greater  speed  in  titration  and  it  was  added  for  this 
reason. 


Figure  4.  Titration  of  Chloride  with 
Silver 


x 

o 

2 


e 
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Figure  5.  Titration  of  Magnesium  with  Hydroxyl 


determined  by  gravimetric  analysis  in  which  MgNH4P04.6H20 
was  precipitated  and  Mg2P2C>7  was  weighed.  The  magnesium 
chloride  solution  had  a  pH  of  6.4  as  prepared.  The  data  for  the 
titration  of  magnesium  ions  with  sodium  hydroxide  are  listed  in 
Table  II  and  a  typical  titration  curve  is  shown  in  Figure  5. 

In  passing  from  an  excess  of  magnesium  to  an  excess  of  hy¬ 
droxyl  at  the  end  point,  the  potential  change  was  so  small  that 
it  was  advisable  to  substitute  a  galvanometer  for  the  micro¬ 
ammeter.  The  change  was  only  about  10  to  15  microamperes, 
whereas  in  the  titration  of  a  strong  acid  with  a  strong  base  an 
abrupt  change  of  about  70  microamperes  was  noted.  Not¬ 
withstanding  the  small  change  in  potential  at  the  end  point,  it 
was  sufficiently  abrupt  to  be  detected  with  considerable  precision 
and  accuracy  by  the  use  of  the  galvanometer. 


Determination  of  Chloride.  Solutions  containing  chloride 
were  titrated  with  0.28  N  silver  nitrate.  The  same  electrodes 
and  titration  technique  described  in  the  previous  section  were 
used  except  that  the  addition  of  acetone  was  unnecessary.  Using 
25-ml.  aliquots  of  a  sodium  chloride  solution  49.83  ml.  of  0.28  N 
silver  nitrate  were  required  for  each  of  three  potentiometric 
titrations.  A  Mohr  titration  checked  this  value  to  within  0.02 
ml.  Figure  4  shows  the  curve  for  one  of  the  potentiometric 
titrations.  The  end  point  is  so  sensitive  that  it  is  possible  to  use 
more  dilute  silver  nitrate  solution  in  the  titration  of  smaller 
chloride  samples.  No  attempt  was  made  to  establish  the  mini¬ 
mum  feasible  concentration  of  silver  nitrate,  but  a  very  sharp 
end  point  resulted  with  0.028  N  solution. 

Determination  of  Magnesium.  For  the  potentiometric 
titration  25  ml.  of  magnesium  chloride  solution  were  diluted  to 
70  ml.  to  prevent  splattering  during  titration.  In  some  cases 
(Table  II)  20  ml.  of  acetone  or  ethyl  aclohol  were  included  in 
this  volume.  These  solvents  allowed  the  end  point  to  be  de¬ 
tected  more  easily  than  when  using  only  an  aqueous  medium. 
Platinum  and  tungsten  were  found  to  be  the  best  indicating 
electrodes  and  a  buret  electrode  (7)  was  used  as  a  reference  elec¬ 
trode  because  of  the  protection  it  offered  against  absorption  of 
carbon  dioxide  from  the  air  by  the  sodium  hydroxide  solution 
during  titration.  The  sodium  hydroxide  solution  was  prepared 
carbonate-free  by  precipitating  the  carbonate  with  an  excess  of 
barium  ions.  This  solution  was  determined  to  be  0.2283  N  by 
standardizing  against  potassium  acid  phthalate  using  phenol- 
phthalein  as  the  indicator.  The  magnesium  chloride  solution 
contained  0.0642  gram  of  magnesium  per  25  ml.  of  sample,  as 


Table  II.  Titration  of  Magnesium  with  Hydroxyl 


(0.0642  gram  of  Mg  present  per  sample) 


Sample 

Indicating 

No. 

Electrode 

Mg  Found 

Error 

Gram 

% 

1 

Pt 

0.0640 

-0.3 

2a 

Pt 

0.0641 

-0.16 

3° 

Pt 

0.0640 

-0.3 

4° 

Pt 

0.0641 

-0.16 

56 

Pt 

0.0640 

-0.3 

66 

Pt 

0 . 0640 

-0.3 

76 

W 

0.0640 

-0.3 

86 

W 

0.0640 

-0.3 

°  20  ml.  of  acetone  present  in  70  ml.  total  volume. 

6  20  ml.  of  ethyl  alcohol  present  in  70  ml.  total  volume. 


Summary 

A  one-tube  vacuum  tube  voltmeter  which  is  inexpensive  and 
easy  to  operate  allows  rapid  titrations  to  be  performed  with 
simple  electrodes.  The  instrument  has  been  applied  to  the 
titration  of  sulfates,  chlorides,  and  magnesium  as  well  as  to 
the  more  common  oxidation-reduction  titrations. 
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Measuring  Average  Particle  Diameter 

of  Powders 

An  Air-Permeation  Apparatus 
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A  self-calculating  apparatus  for  direct 
determination  of  surface-weighted  average 
particle  diameter  of  powders  has  been  de¬ 
signed  and  subjected  to  practical  tests.  It 
consists  of  a  device  for  determining  the 
average  or  effective  particle  diameter  of  a 
powder  as  deduced  through  Carman’s 
specific  surface  equation  from  its  perme¬ 
ability  to  air  when  the  sample  is  formed  into 
a  compact  bed.  The  operation  of  the  device 
is  remarkably  convenient,  simple,  and  eco¬ 
nomical  of  both  time  and  material.  The 
automatic-calculating  feature  reduces  to  a 
minimum  the  work  of  a  determination 
and  the  chances  of  making  mistakes.  In 
precision  and  accuracy  the  method  employ¬ 
ing  this  apparatus  compares  favorably 
with  the  usual  methods  of  granulometric 
analysis  for  powders. 


THE  present-day  emphasis  on  particle  fineness,  in  the 
production  of  powders  for  insecticides  and  for  various 
uses,  has  increased  the  need  for  a  rapid,  convenient  method  of 
evaluating  the  fineness  of  powders  below  the  range  where 
sieve  measurements  are  applicable.  Because  of  the  great  size 
dispersion  found  in  most  commercial  samples,  and  the  lack  of 
analytical  detail  obtained  near  the  fine  end  of  the  range,  a 
size-distribution  analysis  is  usually  not  a  sufficient  basis  for 
calculating  average  diameter.  This  is  true  because  the  finer 
particles  are  harder  to  measure  accurately,  while  they  have 
more  influence  on  the  surface-weighted  average  than  the 
coarser  particles. 

The  apparatus  here  described  is  a  useful  adjunct  to  any 
equipment  for  granulometric  analysis  of  powders,  in  that  it 
indicates  the  surface-weighted  average  diameter  directly,  in¬ 
dependently  of  any  distribution  analysis,  sedimentation  ex¬ 
periments,  or  microscopic  measurements.  No  calculations 
are  required,  provided  the  density  of  the  material  is  known 
in  advance.  Problems  of  solubility  do  not  enter,  as  they  do  in 
sedimentation,  and  the  sample  is  not  consumed  or  altered  in 


the  experiment,  but  may  be  returned  to  the  stock  bottle  for 
use  in  other  work. 

The  working  of  the  instrument  is  based  on  the  fact  that  a 
current  of  air  flows  more  readily  through  a  bed  of  coarse 
powder  than  through  an  otherwise  equal  bed  of  fine  powder — 
that  is,  equal  in  shape  of  bed,  apparent  volume,  and  per¬ 
centage  of  voids,  but  by  reason  of  difference  in  general 
coarseness  of  material  differing  in  average  pore  diameter  and 
in  total  interstitial  surface. 

This  principle,  as  applied  to  liquid  currents  rather  than  air  cur¬ 
rents,  was  used  by  Carman  (1)  in  many  experiments  for  determin¬ 
ing  the  specific  surface  of  granular  materials.  The  same  principle, 
as  applied  to  air  currents,  was  employed  by  Traxler  and  Baum 
( 6 )  for  the  determination  of  average  pore  diameter,  and  more 
recently  by  Dalla  Valle  (2)  for  the  determination  of  surface  area 
in  coarse  sand.  Concurrently  with  the  original  drafting  of  the 
present  paper  there  appeared  a  report  of  air-permeation  experi¬ 
ments  by  Lea  and  Nurse  (5),  which  lends  excellent  support  to 
the  indications  of  the  authors’  experience  that  the  usefulness  of 
air  permeation  for  determining  surface  functions  extends  well 
into  the  range  of  fine  powders. 

The  design  for  the  apparatus  here  described  is  based  largely 
on  the  diagram  of  Traxler  and  Baum,  but  embodies  several 
major  modifications.  The  mathematical  formulas  involved 
are  derived  from  Carman’s  specific  surface  formula,  by  the 
conversion  of  conditions  of  liquid  flow  to  those  of  air  flow, 
and  by  the  change  from  specific  surface  to  surface-weighted 
average  diameter  as  the  dependent  variable.  By  suitable 
standardization  of  the  conditions  of  operation  the  number  of 
independent  variables  is  reduced  to  a  minimum,  making  pos¬ 
sible  the  plotting  of  a  graph  to  serve  as  a  sliding  scale  for  the 
air-flow  indicator,  such  that  the  evaluation  of  the  sample  as  to 
average  diameter  is  read  directly,  in  microns. 

Basis  for  Computing  Average  Diameter 

It  has  been  pointed  out  by  Green  ($)  and  by  Carman  (1) 
that,  of  the  many  kinds  of  average  particle  diameter  for  a 
powder,  the  most  important  is  the  average  that  is  equal  to  the 
diameter  of  a  sphere  equivalent  in  specific  surface  to  the 
sample  as  a  whole.  For  spherical  particles  this  is  simply  an 
average  diameter  by  surface  weighting;  for  particles  of  any 
shape  it  is  twice  the  average  normal  radius  by  surface  weight¬ 
ing.  The  value  of  this  average  diameter,  either  for  a  single 
particle  or  for  a  group,  is  six  times  the  total  volume  divided 
by  the  total  surface,  regardless  of  particle  shape  or  size  distri¬ 
bution. 
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Mechanical  System 

A  diagram  of  the  mechanical  system  is  given  in  Figure  1.  Air 
is  introduced  at  the  connection  labeled  “air  in”,  near  which  the 
rubber  tubing  constituting  the  air  line  of  the  apparatus  is  slit 
to  form  a  Bunsen  valve,  for  protection  against  danger  to  the  ap¬ 
paratus  from  excessive  pressure.  From  here  the  line  passes 
through  a  screw  clamp,  which  serves  as  a  fine-adjustment  control 
for  the  air  influx.  A  standpipe,  kept  filled  with  water  to  a  certain 
permanent  level,  serves  to  fix  the  pressure  of  the  air  at  the  point 
of  introduction  to  the  sample,  the  excess  pressure  being  released 
in  bubbles  escaping  through  the  water.  The  air  retained  in  the 
main  stream  flows  through  a  calcium  chloride  drying  tube  and 
then  downward  through  the  sample  tube,  in  which  the  powder 
is  supported  by  a  porous  plug  formed  by  a  wad  of  No.  40  copper 
wire  compacted  in  place.  (The  resistance  of  plug  and  drier  is 
found  by  observation  to  be  insignificant,  and  experience  indicates 
that  the  effect  of  the  plug  on  the  structure  of  the  bottom  layer  of 
powder  is  negligible.) 

The  air  passes  thence  through  a  column  of  compacted  fine  sand 
situated  between  the  upper  ends  of  the  two  arms  of  a  water-filled 
manometer.  The  manometer  and  the  resistance  formed  by  the 
sand  column  together  constitute  a  flowmeter,  while  the  manom¬ 
eter,  in  showing  the  pressure  drop  across  the  sand  column,  gives 
by  difference  the  pressure  drop  across  the  other  resistance,  the 
powder  sample.  The  sand  column  is  substituted  for  the  common 
capillary-tubing  type  of  resistance,  because  the  resistance  re¬ 
quired  is  too  great  for  convenient  production  and  reproducibility 
in  the  tubing  type.  The  sand  is  held  in  place  by  porous  plugs, 
of  the  kind  described  above,  one  at  each  end  of  the  column.  The 
manometer  is  provided  with  a  flexible  leveling  tube,  closed  by  a 
suitable  clamp  such  as  a  pinchcock.  Only  the  rising  arm  of  the 
manometer,  called  the  “front  arm”,  is  used  in  making  readings, 
the  back  arm  being  mounted  out  of  sight  within  the  apparatus 
housing,  along  with  all  the  other  parts  that  do  not  require  fre¬ 
quent  access. 

Mounted  on  the  same  base  with  the  above  system,  but  not 
shown  in  the  diagram,  is  an  electric  vibrator,  of  an  inexpensive 
therapeutic  type,  used  to  assist  in  compacting  the  sample  if 
necessary.  Very  free  flowing  materials  may  be  measured  without 
compaction;  those  that  flow  somewhat  less  freely  may  be  brought 
to  uniformity  by  a  little  tapping  on  the  side  of  the  sample  tube 
with  a  pencil  or  some  light  wooden  object;  samples  in  which 
pockets  or  channels  persist  must  be  tapped  more  vigorously,  by 
hand  or  by  the  power  vibrator.  It  is  not  necessary  to  obtain  any 
certain  degree  of  compaction,  but  essential  that  the  porosity  be 
as  nearly  uniform  as  possible  (6).  The  porosity  may  be  accepted 
as  uniform  when  the  apparent  volume  remains  constant,  or 
reaches  constancy,  under  some  particular  system  of  steady 
lateral  tapping,  if  at  the  same  time  there  are  no  visible  pockets, 
cracks,  or  other  marks  of  uneven  distribution.  The  magnitude 
of  the  lowest  obtainable  porosity  is  dependent  upon  the  fineness 
and  type  of  material.  The  range  of  acceptable  porosities  likely 


Figure  1.  Diagram  of  Mechanical 
System  in  Air-Permeation  Apparatus 


to  be  encountered  in  practice  is  approximately 
40  to  80  per  cent. 


Method  of  Calculation 

It  is  obvious  that  under  uniform  condi¬ 
tions  of  observation  a  coarse  powder  will 
cause  the  manometer  indicator  to  stand  at  a 
relatively  high  level  and  a  fine  powder  will 
make  it  stand  at  a  lower  level.  A  basis  for 
quantitative  interpretation  is  found  in  the 
following  considerations. 

Carman  (1),  working  principally  with  liquids, 
has  shown  that  the  specific  surface  of  particles 
forming  a  granular  bed  is  related  to  the  porosity 
and  permeability  of  the  bed  by  the  equation 

So  =  V(g/k  Ky)  [e3/ ( 1  -  6)*]  (1) 

where  S0  =  specific  surface  in  sq.  cm.  per  cc.,  g  =  the  gravita¬ 
tional  constant  in  cm.  per  second  per  second,  k  =  a  proportionality 
constant  with  a  value  of  5.0,  K  =  a  permeability  constant,  repre¬ 
senting  apparent  linear  velocity  per  unit  hydraulic  gradient,  and  ex¬ 
pressed  in  cm.  per  second,  y  =  kinematic  viscosity  of  the  fluid  in 
stokes  (sq.  cm.  per  second),  and  e  =  the  fractional  free  volume,  or 
ratio  of  volume  of  voids  to  total  volume  of  bed. 


Figure  2.  Method  of  Plotting  Calculator  Graph 


This  equation  may  be  put  into  more  convenient  form  for  use 
with  air  currents  by  replacing  Ky  with  K2.17,  in  which  17  =  viscosity 
in  poises  (grams  per  cm.  per  second)  and  Ki  =  permeability  ex¬ 
pressed  as  apparent  linear  velocity  per  unit  pressure  gradient 
(cm.4  per  gram  per  second).  By  apparent  linear  velocity  is  meant 
the  volume  rate  of  delivery  of  air  from  the  apparatus  at  atmos¬ 
pheric  pressure  divided  by  the  internal  cross-section  area  of  the 
sample  tube. 
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By  substituting  for  S0  the  equivalent  6/dm,  expressing  K2  and 
<=  in  terms  of  the  observational  data  required  for  their  determina¬ 
tion,  simplifying  terms,  and  changing  the  unit  of  diameter,  there 
is  obtained  the  formula 

7  60,000  /  t}CFDL2M2  (9) 

dm  -  -14-  -y  {VD  _  My  (P  -  F) 

in  which  dm  =  average  diameter  in  microns,  77  =  viscosity  of  air 
in  poises,  C  =  conductance  of  the  flowmeter  resistance  in  cc.  per 
second  per  unit  pressure  (gram  per  sq.  cm.),  D  =  density  of 
sample  in  gram  per  cc.,  L  =  length  or  height  of  the  compacted 
sample — i.  e.,  depth  of  bed — in  cm.,  M  =  mass  of  sample  in 
grams,  V  =  apparent  volume  in  cc.  of  compacted  sample,  P  = 
over-all  air  pressure  in  grams  per  sq.  cm.,  and  F  =  pressure  differ¬ 
ence  in  grams  per  sq.  cm.  across  the  flowmeter  resistance. 

If  a  sample  weight  is  chosen  numerically  equal  to  the  density 
so  that  the  true  volume  is  1  cc.,  and  if,  as  is  allowable  for  practical 
purposes,  the  viscosity  of  air  is  considered  constant  and  the  den¬ 
sity  of  water  equal  to  unity,  the  last  formula  may  be  simplified  to 
the  form 


in  which  c  is  a  new  constant  and  A  is  the  cross-section  area  of  the 
sample  tube.  P  and  A  being  maintained  constant,  the  dependent 
variables  are  now  only  two,  L  and  F.  The  right-hand  side  of  the 
equation  consists  of  two  functions.  That  part  coming  before 
the  radical,  its  value  varying  only  with  changes  in  porosity,  may 
for  brevity  be  designated  the  porosity  function;  the  remainder, 
in  which  F  is  the  only  variable,  may  be  designated  the  flow  func¬ 
tion. 

Automatic  Calculator 

A  method  of  constructing  a  graphic  calculator  for  the  ap¬ 
paratus  is  illustrated  in  Figure  2.  With  an  assumed  value  of 
dm,  gage  heights  as  ordinates  are  plotted  against  porosity- 
function  values  as  abscissas,  by  Formula  3,  gage  height  being 
numerically  equal  to  F/2  if  the  two  arms  of  the  manometer 
are  equal  in  cross-section  area.  The  horizontal  scale  may  be 
logarithmic  to  save  space.  Other  curves  are  plotted  in  like 
manner,  with  suitably  chosen  values  of  cL,  to  cover  the 
whole  range  of  diameters  from  0  to  40  or  50  microns.  Three 
examples  of  these  curves  are  given  in  Figure  2,  corresponding 
to  5,  10,  and  20  microns.  Upon  the  same  graph  sample  height, 
L,  is  also  plotted  against  porosity  function ;  the  resulting  curve 
is  represented  by  a  dotted  line. 

For  reference  purposes  the  graph  is  now  complete.  With  a 
given  sample  height  the  value  of  the  porosity  function  is  im¬ 
mediately  fixed,  and  with  the  porosity-function  value  thus 
given  the  average  diameter  signified  by  any  gage  height  is 
easily  obtained  by  reference  to  the  dm  curves. 

For  greater  convenience  in  practical  use  the  calculator  is  fur¬ 
ther  simplified.  The  sample  tube  and  the  upper  part  of  the  front 
manometer  arm  are  mounted  side  by  side  in  a  vertical  position  on 
the  panel  formed  by  the  front  wall  of  the  apparatus  housing.  The 
manometer  arm  mounting  is  permanent ;  the  sample  tube  is  held 
accurately  parallel  to  the  manometer  arm  by  two  spring  clips. 
The  calculator  graph  is  drawn  with  the  vertical  scale  actual  size, 
and  the  sample-height  (dotted)  curve  is  given  a  horizontal  shift 
equal  to  the  center-to-center  separation  of  the  sample  tube  from 
the  manometer  arm.  All  mathematical  notations  are  eliminated, 
except  the  average-diameter  values,  with  which  the  solid  curves 
are  labeled,  and  the  porosity-function  axis  is  designated  simply 
as  the  “base  line”.  The  graph  is  attached  to  a  slide  mounted  on 
the  instrument  panel  and  just  back  of  the  sample  tube  and  gage 
indicator.  The  base  line  serves  as  a  zero  line  for  the  gage. 

When  a  determination  is  to  be  made,  the  required  amount  of 
material  (mass  in  grams  numerically  equal  to  density  in  grams 
per  cc.)  is  loaded  into  the  sample  tube  by  pouring  in  a  fine  stream, 
and  then  examined  for  uniformity  and  compacted,  if  necessary, 
according  to  directions  given  in  the  last  part  of  the  section 
“Mechanical  System”.  The  tube  containing  the  sample  is  in¬ 
serted  in  the  air  line  by  rubber-tube  connections,  and  is  then 
placed  behind  the  spring  clips,  with  the  bottom  of  the  sample  ad¬ 
justed  to  the  level  of  the  base  line  on  the  calculator.  The  slide  is 
shifted  in  its  track  to  such  a  position  that  the  dotted  line  marks 


Figure  3.  Air-Permeation  Ap¬ 
paratus 

the  top  of  the  sample;  the  air  supply  is  turned  on  and  adjusted 
to  give  gentle  bubbling;  the  gage  rises  slowly  for  a  few  minutes 
and  then  comes  to  rest  in  a  position  to  indicate  directly  the 
average  particle  diameter  of  the  sample. 

Photograph  of  Apparatus 

A  front  view  of  the  apparatus  is  given  in  Figure  3.  Here  are 
shown  the  gage  indicator  or  front  manometer  arm,  F,  filled  with 
colored  water;  a  sample,  S,  supported  within  the  sample  tube  by 
the  porous  plug,  P;  the  spring  clips,  C\,  C2,  holding  the  sample 
tube  in  place;  the  calculator  graph,  G,  consisting  of  the  base  line, 
B,  and  an  ample  set  of  curves;  the  knob,  A,  of  the  air-control 
screw;  the  windows,  Wi,  W2l  through  which  the  bubbles  in  the 
pressure  regulator  are  observed;  the  water-level  mark,  L,  seen 
through  the  upper  window;  the  protruding  vibrator  head,  V, 
which  is  activated  by  an  electric  mechanism  concealed  behind  the 
panel;  a  one-hole  rubber  stopper,  R,  which  holds  the  sample  tube 
in  place  while  the  vibrator  is  being  used;  and  the  handle,  H,  by 
which  the  apparatus  is  carried. 

In  the  picture  the  gage  is  indicating  an  average  diameter 
of  approximately  12  microns.  While  there  is  considerable 
latitude  in  the  dimensions  allowable  for  various  parts  of  the 
apparatus,  a  general  idea  of  the  orders  of  magnitude  may  be 
obtained  from  the  fact  that  the  over-all  height  of  the  instru¬ 
ment  here  pictured  is  approximately  90  cm.  (3  feet). 

Quality  of  Performance 

With  regard  to  operation  and  performance,  three  of  the 
best  features  of  this  device  are  convenience,  simplicity,  and 
speed.  The  total  time  required  for  a  determination,  including 
weighing  out  the  sample  (the  density  being  known  in  ad¬ 
vance),  is  only  a  few  minutes  for  coarse  or  free-flowing  fine 
samples;  some  extremely  fine  samples  may  take  an  hour  be¬ 
cause  of  the  difficulty  of  compacting  to  uniformity.  Results 
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are  reproducible  within  5  per  cent  over  the  range  1  to  50 
microns. 

For  a  practical  check  on  the  accuracy  of  this  method,  a 
series  of  tests  was  run  on  size  fractions  of  a  silica  powder,  the 
results  by  the  air-permeation  apparatus  being  compared  with 
microscopic  measurements.  In  microscopic  work  for  this 
purpose  it  is  essential  to  account  for  the  third  (vertical)  dimen¬ 
sion,  which  is  often  neglected  in  microscopic  observations. 
When  this  dimension  is  the  smallest  of  the  three,  as  it  is  likely 
to  be,  it  has  the  greatest  influence  on  the  surface-weighted 
average.  For  example,  in  the  case  of  a  rectangular  parallele¬ 
piped  with  its  three  dimensions  in  geometric  proportion,  the 
surface-weighted  average  of  the  three  dimensions  is  smaller  than 
the  intermediate  dimension  (Figure  4). 


I 


Figure  4.  Rectangular  Parallele¬ 
piped  with  Dimensions  in  Geometric 
Proportion 

Average  of  two  dimensions  by  microscope 
greater  than  W.  Surface-weighted  average 
of  three  dimensions,  equal  to  diameter  of 
sphere  equivalent  in  specific  surface,  less 
than  W 


When  the  equivalent  spherical  diameter  (with  regard  to 
specific  surface)  of  an  irregular  granular  material  is  to  be  de¬ 
termined  microscopically,  a  first  approximation  can  be  ob¬ 
tained  by  considering  the  particles  as  spheres,  each  with  a 
diameter  equal  to  the  minor  projected  axis  (probably  the  inter¬ 
mediate  axis)  of  the  corresponding  irregular  particle.  This 
first  approximation,  however,  is  subject  to  a  correction  factor 
dependent  on  the  shape  habit  of  the  material,  and  in  the 
absence  of  a  general  tendency  toward  a  rodlike  shape  the  cor¬ 
rection  factor  is  likely  to  be  less  than  unity.  The  correction 
factor  used  for  the  silica  powder  was  derived  from  manual 
measurments  on  natural  rough  specimens  of  massive  silica 
having  apparently  the  same  general  shape  habit  as  the  silica 
powder.  The  value  thus  obtained  was  V3,  and  was  used  in 
calculating  the  values  obtained  by  the  microscopic  method 
(Table  I).  This  factor  does  not  apply  for  other  systems  of 
microscopic  estimation,  but  it  should  apply  approximately 
when  sieve  tests  are  used,  since  the  intermediate  axis  is  the 
one  that  determines  whether  a  particle  can  go  through  a  given 
sieve. 

Calculation  of  the  corresponding  factor  based  on  the  screen- 
test  and  air-permeation  data  of  Lea  and  Nurse  (5)  for  a  sand 
of  undescribed  type,  120-150  B.  S.  sieve,  gives  a  value  of  0.82. 
Similar  calculations  on  the  screening  and  silver-coating  data 
of  Gross  and  Zimmerley  (4)  for  several  fractions  of  smooth 
sand  give  values  from  0.72  to  0.76;  for  crushed  or  sharp  sand 
the  figures  would  have  been  lower.  It  may  be  accidental  that 
the  check  between  the  microscopic  and  the  air-permeation 


Table  I.  Diameter  Measurements  on  Separate  Fractions 
of  Silica  Powder 


Microscope  Method  (Original  Values 


Adjusted  for  Third  Dimension) 

Surface-weighted 

Air-Permeation  Method 
(Original  Readings),  Sur¬ 

Range 

average 

face-Weighted  Average 

Microns 

Microns 

Microns 

33-97 

59 

52 

27-59 

43 

40 

7-27 

15 

14 

5-12 

8 

7 

3-9 

5 

5 

0.3-3 

1.2 

1.9 

Table  II.  Diameter  Measurements  on  Mixtures  of 
Fractions  of  Silica  Powder 


(Equal  parts  by  weight) 

Diameter  of  Component  Fractions  Average  Diameter  of  Mixture 
Microscope  Air  permeation  by  Air  Permeation  Method 
(range)  (average)  Calculated  Observed 

Microns  Microns  Microns  Microns 


7-27 

3-9 

27-59 

0.3-3 


13.6) 

4.8) 

40 

1.9 


7.1 

3.6 


6.9 

3.7 


All  fractions  combined 


4.8  4.7 


methods  is  as  close  as  it  appears  in  Table  I,  for  the  correction 
factor  is  subject  to  considerable  error.  Regardless  of  correc¬ 
tion  factor,  the  proportionality  of  results  by  the  two  methods 
is  very  good. 

No  suitable  means  has  yet  been  found  for  testing  the  ac¬ 
curacy  of  the  air-permeation  apparatus  for  particles  of  ex¬ 
treme  shape  habits,  such  as  needles  and  leaves.  It  has  been 
observed,  however,  that  averages  indicated  for  leafy  material 
are  many  times  as  small  as  the  prevalent  projected  diameters, 
as  would  be  expected  since  the  surface-weighted  average 
dimension  of  a  leaf  can  never  be  more  than  three  times  the 
thickness. 

Another  series  of  determinations  was  made  to  test  the  be¬ 
havior  of  the  apparatus  toward  mixtures.  The  results,  which 
are  presented  in  Table  II,  show  a  close  agreement  between 
the  observed  values  for  mixtures  and  the  values  calculated 
from  the  observations  on  the  component  fractions. 
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TWO  modifications  of  an  apparatus  for  controlling  the 
level  of  liquid  in  a  bath  or  other  vessel  are  described 
here.  One  form  was  employed  in  a  metal  bath  for  small 
serological  test  tubes,  in  which  distilled  water  was  used  to 
avoid  excessive  corrosion  and  deposition  of  scale,  and  in 
which  it  was  desirable  to  maintain  the  level  within  narrow 
limits.  In  this  case  the  operation  of  the  apparatus  so  far  ex¬ 
ceeded  expectation  in  constancy  and  sensitivity  to  minute 
changes  in  level  that  it  can  be  recommended  for  more  ex¬ 


acting  requirements.  The  other  form,  which  has  been  used 
for  more  than  a  year  for  the  preparation  of  redistilled  water, 
makes  it  possible  to  use  a  small  distilling  flask  in  the  con¬ 
tinuous  distillation  of  a  large  quantity  of  material  from  a  res¬ 
ervoir. 

Column  for  Water  Bath 

The  general  setup  of  the  apparatus  is  shown  in  Figure  1,  and 
the  details  of  the  bottom  of  the  column  are  shown  in  Figure  2. 
The  outer  tube  forming  the  glass  column  is  of  25-mm.  tubing 
and  of  a  length  to  reach  the  top  of  the  reservoir  (75  cm.  in  the  ones 
tested) .  The  lower  end  of  this  tube  is  drawn  do wn  to  a  strong  tip 
having  an  inside  diameter  of  between  1.2  and  1.8  mm.  The  air 
inlet,  of  4-mm.  tubing  about  45  mm.  long  is  fused  into  the  end  of 
the  middle  tube,  which  is  of  17-mm.  tubing  and  about  60  mm. 
long  and  extends  at  least  20  mm.  below  the  lower  end  of  the  air 
inlet.  The  three  supporting  vent  tubes  are  formed  by  blowing 
blebs  in  the  proper  places  just  below  the  junction  of  the  two 
tubes,  and  then  blowing  out  or  grinding  off  the  closed  tops  of  the 
blebs.  The  assembled  air  inlet  and  middle  tube  is  then  slid  into 
place  and  fused  to  the  walls  of  the  outer  tube,  and  the  closed  cen¬ 
ters  of  the  vents  are  opened  by  blowing  out,  grinding,  and  fusing 
to  a  smooth  joint,  or  by  any  other  suitable  method. 


The  only  reason  for  making  three  tubes  venting  the  middle 
tube  to  the  outside  is  to  give  support  to  the  inner  parts.  This 
type  of  joint  is  strong  if  well  annealed;  otherwise  it  is  fragile, 
usually  cracking  spontaneously  on  cooling.  For  this  reason  the 
entire  end  of  the  column  is  rotated  frequently  in  a  bushy  flame 
during  this  fusing;  and  as  soon  as  the  job  is  finished,  the  whole 
thing  is  immediately  placed  in  a  hot  annealing  oven.  If  a  large 
annealing  oven  is  not  available,  the  lower  25  cm.  of  the  column 
may  be  made  separately,  annealed  in  a  small  furnace,  and  joined 
later  to  the  rest  of  the  column  (which  does  not  require  such  careful 
treatment)  by  fusing  butt  to  butt  or  by  using  a  piece  of  large 
rubber  tubing. 

The  finished  column  is  supported  in  the  position  shown  in 
Figure  1,  with  the  lower  tip  of  the  air  inlet  about  1  cm.  above  the 
desired  bath  level.  A  full  19-liter  (5-gallon)  bottle  of  water  is  set 
on  the  shelf  above  the  bath,  the  top  of  the  column  is  connected 
with  the  air  space  in  the  top  of  the  bottle,  and  the  siphon  is 
started  and  connected  to  the  column.  If  the  bottle  is  nearly  full, 
only  a  small  volume  of  water  will  be  delivered  to  the  bath  before 
equilibrium  is  reached.  If  even  this  small  change  of  volume  is 
undesirable,  it  may  be  prevented  during  subsequent  changing  of 
bottles  by  clamping  off  both  tubes  and  drawing  a  slight  vacuum 
in  the  top  of  the  fresh  bottle  before  removing  the  clamps.  (Some 
such  device  as  a  short  piece  of  glass  tubing  in  the  upper  tube  for 
breaking  this  connection  and  a  clamp  between  it  and  the  bottle 
will  be  required.)  Otherwise  bottles  are  quickly  changed  without 
interrupting  operation  merely  by  clamping  the  siphon,  transfer¬ 
ring  the  rubber  stopper,  air  tube,  and  siphon  to  the  fresh  bottle, 
and  removing  the  clamp. 


This  apparatus  maintains  the  level  of  water  in  a  large  bath 
(area  50  X  50  cm.)  within  less  than  1  mm.  The  only  attention 
required  is  the  replacement  of  the  empty  bottle  by  a  full  one 
as  required.  This  form  could  also  be  used,  as  similar  de¬ 
vices  ( 1 ,  2,  8 )  have  been,  in  controlling  the  flow  of  a  large 
amount  of  liquid  to  a  filter,  or  in  concentrating  large  amounts 
of  dilute  solutions  by  evaporation  from  an  open  dish.  j 
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Column  for  Distilling  Flask 


The  lower  part  of  the  column  (of  22-mm.  tubing)  projects 
below  a  standard-taper  joint  to  within  about  5  mm.  of  the  bottom 
of  the  flask  (Figure  3),  and  above  the  joint  to  a  height  of  about  80 
mm.  The  male  part  of  the  joint  is  an  integral  fused-in  part  of 
the  column,  and  the  female  part  forms  the  top  of  the  neck  of  the 
flask.  In  the  center  is  a  tube,  the  air  inlet  (of  4-mm.  tubing),  con¬ 
necting  through  an  inner  seal  with  a  side  tube  (of  7-mm.  tubing) 
above  the  glass  joint,  and  extending  down  to 
within  about  35  mm.  of  the  bottom  tip  of  the 
column.  Air  must  be  taken  in  above  the  top 
of  the  flask  because  the  atmosphere  within  the 
flask  is  mostly  vapor  which  would  condense  in 
the  column  and  fail  to  displace  any  liquid  from 
the  reservoir.  The  bottom  of  the  column  is  con¬ 
stricted  to  a  narrow  outlet  (about  1.5  mm.  in 
inside  diameter)  to  minimize  surge  into  the  flask. 

To  the  top  of  the  lower  part  and  the  bottom  of 
the  upper  part  of  the  column  are  fused  short 
pieces  of  8-mm.  tubing  which  are  connected 
closely  by  heavy  rubber  tubing.  The  constric¬ 
tion  thus  formed  serves  to  restrict  the  convec¬ 
tion  of  hot  liquid  in  the  column.  The  inlet  for 
liquid  from  the  reservoir  is  placed  below  the 
constriction  to  aid  in  forcing  the  large  bubbles 
of  air  through  the  constriction. 

To  start  operation,  a  bottle  of  liquid  is  put  in 
place,  the  top  of  the  column  is  connected  with 
the  air  space  in  the  top  of  the  bottle,  and  the 
siphon  is  started  and  then  clamped.  The  siphon 
is  connected  to  the  water  inlet  tube  on  the 
column  without  removing  the  clamp.  At  this 
time,  and  whenever  a  fresh  bottle  of  liquid  is 
put  in  place,  it  is  necessary  to  evacuate  partially 
the  top  of  the  reservoir  before  starting,  to  avoid 
delivery  of  too  much  liquid.  This  is  done  by 
plugging  the  delivery  tube  of  the  distilling  flask 
with  a  stopper  and  connecting  the  air  inlet  tube 
with  a  water-suction  pump.  The  rubber  tube  to 
the  pump  is  then  clamped  off  and  the  pump 
disconnected.  By  careful  manipulation  of  the 
two  clamps  air  and  liquid  are  alternately  admitted  until  the 
system  is  in  equilibrium,  the  stopper  and  clamps  are  removed, 
and  the  apparatus  is  ready  for  distillation. 

During  this  evacuation,  most  of  the  residue  of  the  previous 
distillation  is  automatically  removed.  The  remainder  may  be 
flushed  out  by  interrupting  the  removal  of  air  and  allowing  some 
liquid  from  the  reservoir  to  flow  into  the  flask  before  continuing 
the  evacuation.  If  a  valuable  liquid  were  being  distilled,  it 
would  be  preferable,  instead,  to  provide  a  third  opening  with 
a  clamp  in  the  stopper  of  the  large  bottle  and  to  evacuate  directly 
through  this  until  air  started  to  flow  in  through  the  inlet  into  the 
column. 

The  rubber  tubing  delivering  liquid  from  the  reservoir  to  the 
column  may  be  clamped  when  the  still  is  not  in  operation,  to 
avoid  flooding  due  to  great  change  in  room  temperature  or  to  any 
slow  leak  in  the  rubber  connections. 


Figure  3 


With  this  apparatus,  the  distillation  of  water  has  been 
allowed  to  proceed  without  attention  for  as  long  as  15  hours. 
Unless  it  is  necessary  to  clean  out  the  flask,  the  distillation 
can  be  started  again  the  next  day  by  merely  lighting  the 
burner  and  turning  on  the  water  to  the  condenser.  Ad¬ 
vantages  which  were  not  anticipated  are  given  by  the  pres¬ 
ence  of  the  lower  end  of  the  column  in  the  distilling  flask. 
It  acts  as  an  effective  preheater  for  the  liquid,  and  at  the  same 
time  increases  the  reflux.  It  also  acts  as  a  baffle  to  prevent 
drops  of  liquid  from  splashing  into  the  delivery  tube.  The 
control  is  amply  close  for  the  purpose  of  distillation,  the 
change  in  level  in  a  250-ml.  distilling  flask  being  held  within 
the  range  of  about  5  mm. 

Experience  has  shown  that  it  is  a  mistake  to  use  a  small 
orifice  in  the  air  inlet  to  restrict  the  flow  of  air.  The  range  of 
change  in  level  is  increased  instead  of  being  decreased. 


Discussion  of  Operation 

The  principle  involved  in  the  operation  of  both  forms  of  ap¬ 
paratus  is  that  of  some  of  the  oldest  and  most  familiar  of 


constant-level  devices  (of  which  the  best  known  is  probably 
the  Mariotte  bottle,  8),  in  which  the  main  supply  of  fluid  in  a 
reservoir  is  held  back  by  the  partial  vacuum  in  the  closed 
top  of  the  reservoir.  For  example,  in  the  “drinking  fountain” 
used  to  supply  water  for  small  animals,  lowering  the  level  of 
water  in  a  lower  vessel  or  cup  admits  air  to  the  reservoir. 
This  displaces  water  which  flows  into  the  small  cup  and 
quickly  seals  the  reservoir  against  further  entry  of  air. 

The  application  of  this  principle  to  a  large  closed  bottle 
equipped  with  an  ordinary  siphon  necessitates,  for  ingress  of 
air,  a  second  tube,  touching  the  surface  of  liquid  in  the  lower 
vessel.  If  this  tube  is  of  the  size  ordinarily  used  for  connec¬ 
tions  in  the  laboratory,  the  air  entering  it  will  lift  the  entire 
column  of  water  ahead  of  it  and  rush  into  the  bottle,  and  a 
volume  of  water  far  in  excess  of  that  required  to  restore  the 
former  level  in  the  lower  vessel  will  flow  out.  The  flow  of 
liquid  through  the  small  siphon  is  too  slow  to  close  the  air 
inlet  before  this  occurs.  To  overcome  this  difficulty  in  the 
larger  apparatus,  the  conditions  of  the  smaller  drinking  foun¬ 
tain  have  been  reproduced  outside  the  bottle  in  the  glass 
column.  In  this  column  the  air  rises  freely  through  the  water 
without  lifting  it  much  and  without  pushing  it  over  into  the 
bottle  or  reducing  the  total  head  of  water  against  which  more 
air  must  enter.  The  base  of  the  column  imitates  the  small 
cup  in  which  quick  surge  of  a  small  volume  of  liquid  quickly 
closes  the  air  inlet. 

Static  conditions  in  the  apparatus  shown  in  Figures  1  and 
2  imply  that  the  pressure  due  to  the  height  of  the  column  of 
water  in  the  glass  column  and  bottle,  plus  the  pressure  of  air  in 
the  spaces  above  the  water,  exactly  balance  the  atmospheric 
pressure.  Capillary  resistance  opposed  to  atmospheric  pres¬ 
sure  at  the  lower  tip  of  the  air  inlet  compensates  for  the  lesser 
height  of  water  above  this  point  as  compared  with  that  above 
the  surface  in  the  middle  tube.  As  the  level  of  water  in  the 
bath  falls,  the  entire  water  column  in  the  glass  column  and 
bottle  must  drop,  but  not  so  far,  since  increase  in  the  volume 
of  air  results  in  decrease  of  pressure  in  the  closed  air  spaces 
and  lessens  this  drop.  The  difference  between  atmospheric 
pressure  and  the  sum  of  the  pressures  of  the  air  in  the  closed 
spaces  and  of  the  water  above  the  bottom  of  the  air  inlet 
(which  is  reflected  in  the  increasing  gap  between  the  surface 
in  the  middle  tube  and  the  lower  end  of  the  inlet)  continues  to 
increase  until  it  is  greater  than  the  capillary  resistance. 
When  this  point  is  reached,  air  moves  up  the  inlet.  The 
water  displaced  surges  down  around  the  middle  tube  much 
faster  than  it  can  escape  through  the  constricted  tip  of  the 
column,  and  therefore  up  into  the  middle  tube,  quickly  closing 
the  air  inlet.  This  surge  checks  the  flow  of  air  before  equilib¬ 
rium  is  reached,  so  that  equilibrium  at  the  desired  level  of 
the  bath  is  approached  by  small  steps  and  is  not  overreached. 

In  the  apparatus  for  use  with  the  distilling  flask,  the  changes 
in  pressure  and  the  movements  of  air  and  liquid  are  too  com¬ 
plex  for  brief  exposition.  Therefore,  a  bare  outline  of  the 
cycle  must  suffice.  The  major  pressure  relationships  are 
similar  to  those  of  the  apparatus  for  the  bath.  The  vertical 
distance  of  the  lower  end  of  the  air  inlet  tube  above  the  level 
in  the  flask  is  analogous  to  the  gap  between  the  air  inlet  and 
the  water  in  the  middle  tube  of  the  other  apparatus.  As  air 
enters  the  lower  part  of  the  column,  water  can  escape  through 
the  constriction  above,  back  into  the  siphon,  down  into  the 
flask,  or  up  into  the  air  inlet,  momentarily  blocking  the  in¬ 
flow  of  air.  The  bubble  of  air  rises  to  the  constriction,  where 
it  is  temporarily  checked.  Water  flows  into  the  column  from 
the  siphon,  part  going  down  into  the  flask,  and  part  going  up 
into  the  top  of  the  column,  apparently  aiding  in  carrying  the 
bubble  through  the  constriction.  After  several  bubbles  have 
entered,  and  the  water  level  has  been  restored  in  the  flask,  the 
system  comes  to  rest  and  remains  in  equilibrium  until  the 
level  is  again  lowered  by  the  distillation. 
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Universal  pH  Meter  and  Simplified  Vacuum 

Tube  Electrometer 
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WHEN  confronted  with  the  problem  of  using  standard 
equipment  for  determining  the  pH  of  solutions  with 
the  glass  electrode,  one  of  the  authors  discovered  a  new 
method  of  standardization  which  greatly  facilitated  the  task 
of  converting  a  student-type  potentiometer  into  a  direct-read¬ 
ing  pH  meter.  The  development  of  this  method  resulted  in 
the  construction  of  two  very  useful  instruments  which  can  be 
made  with  a  minimum  of  equipment,  and  which  are  capable  of 
measuring  the  e.  m.  f.  of  the  usual  electrode  systems  directly 
in  pH  units  with  an  accuracy  limited  in  most  cases  by  the  elec¬ 
trode  systems  themselves.  The  assemblies  can  also  be  used 
as  ordinary  potentiometers,  being  particularly  useful  in  the 
study  of  high-resistance  circuits,  but  by  no  means  limited  to 
these. 

Hitchcock  and  Taylor  (4)  use  the  equation 

pH  =  (E  -  E°)/k  (1) 

to  define  pH  in  terms  of  the  e.  m.  f.  of  suitable  electrode  sys¬ 
tems,  where  k  represents  the  usual  quantity,  2.3026  RT/F. 
By  substituting  accepted  numerical  values  ( 6 )  for  R  and  F 
and  writing  for  T  its  equivalent,  (273.15  +  t),  where  t  stands 
for  the  centigrade  temperature,  we  may  write 

k  =  fc0  +  at  =  0.05418  +  0.0001983  t  (2) 

where  k0  is  2.3026  X  273.15  X  R/F  and  a  is  2.3026  R/F. 

Any  direct-reading  pH  meter  must  be  so  standardized  that 
a  change  of  1  unit  represents  a  change  of  k  volts.  Heming¬ 
way  (3)  accomplishes  this  in  a  conventional  manner  and  Wynd 
and  Varney  (10)  resort  to  the  expedient  of  inserting  a  cali¬ 
brated  resistor  into  the  working  battery  circuit  after  first 
standardizing  the  potentiometer  in  volts.  The  authors  em¬ 
ploy  a  different  principle  of  standardization  which  eliminates 
the  need  for  any  precision  electrical  equipment  except  the 
potentiometer  and  standard  cell. 

Potentiometer  Circuit 

The  circuit  shown  in  Figure  1  accomplishes  the  purpose  out¬ 
lined  above.  The  fixed  resistor,  Fh  is  designed  to  extend  the 
range  of  the  potentiometer  so  that  when  /Si  is  in  position  ST'D 
and  S2  is  in  position  pH,  the  same  effect  is  produced  as  if  the 
potentiometer  range  were  extended  to  the  value  of  the  standard 
cell  in  pH  units — i.  e.,  1.018/fc.  When  reading  the  potentiometer 
in  pH  units  the  decimal  point  is  shifted  mentally,  so  that  0.1  volt 
is  read  “one  pH  unit”.  By  this  simple  expedient  it  is  possible  to 
standardize  a  potentiometer  in  pH  units  by  the  method  commonly 
used  for  standardizing  in  volts. 

Since  the  magnitude  of  the  pH  unit  changes  with  temperature, 
it  is  necessary  to  construct  a  chart  or  table  showing  the  temperature 
of  the  electrode  system  as  a  function  of  the  slide-wire  setting  to 
be  employed  when  standardizing  against  the  standard  cell.  The 


principle  of  this  calibration  is  simple  and  does  not  depend  upon 
direct  measurement  of  temperature.  From  the  results  of  two 
measurements  of  the  same  potential,  one  in  volts  and  one  in  pH 
units,  and  the  relation  expressed  in  Equation  2,  it  is  possible  to 
calculate  the  working  temperature  corresponding  to  any  selected 
slide-wire  setting.  The  work  is  repeated  for  several  different 
positions  of  the  slide-wire  and  the  results  are  plotted. 


5i  Si 

f  EMF  f  VOLTS 


Figure  1.  Potentiometer  Circuit 

Batteries.  Bi,  3  volts;  Bi.  1.5  volts  (long  line  +) 
Binding  posts.  E+,  E~,  1,  and  BA*  connected 
to  corresponding  terminals  on  potentiometer 
Fixed  resistors.  Fi,  17  ohms  (depending  on  tem¬ 
perature  range) ;  Fz,  250  ohms;  Ft,  2500  ohms; 
Ft,  ten  fixed  resistors  ranging  from  100  to  150 
ohms  with  a  total  resistance  of  1200  ohms; 
Fa  is  equipped  with  a  rotary  tap  switch 
Leads.  EMF~  (well  insulated)  to  negative  elec¬ 
trode.  To  K,  see  Figure  2.  EMF*  to  posi¬ 
tive  electrode 

Potentiometer.  Leeds  &  Northrup  student-type 
potentiometer  having  a  total  resistance  of  160 
ohms 

Resistors  (variable).  All  resistors  should  be 
straight-line  wire-wound.  Ri,  150  ohms;  Rt, 
6  ohms;  Rz,  150  ohms 

Standard  cell.  ST,  Weston  standard  cell  having 
a  potential  of  1.018  volts 
Switches.  Si,  Sz,  double-pole  double-throw  (good 
insulation  required);  St,  St,  single-pole  single¬ 
throw 
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Table  I.  Circuit  Arrangements 


Arrangement 

Si 

S2 

S3 

Use 

No.  1 

Down 

Up 

Closed 

Standardizing  for  volts 

(ST'D) 

(VOLTS) 

(VOLTS) 

No.  2 

Up 

Up 

Closed 

Reading  in  volts 

(EMF) 

(VOLTS) 

(VOLTS) 

No.  3 

Down 

Down 

Open 

Standardizing  for  pH  units 

(ST'D) 

(pH) 

(pH) 

No.  4 

Up 

Down 

Open 

Reading  in  pH  units 

(EMF) 

(pH) 

(pH) 

No.  5 

Up 

Down 

Closed 

Calibrating  set 

(EMF) 

(pH) 

(VOLTS) 

The  variable  resistors,  i?2  and  Ri,  the  fixed  resistor,  F2,  and 
switch  S3  permit  necessary  adjustment  of  the  working  battery  cur¬ 
rent  supplied  from  B\.  Resistors  F3,  F 4,  and  R3  so  divide  the 
potential  of  the  battery,  B2,  as  exactly  to  compensate  for  the  E° 
portion  of  the  e.  m.  f.  when  reading  in  pH  units.  F4  consists  of 
a  number  of  fixed  resistors  in  series.  A  rotary  tap  switch  serves 
to  change  the  number  of  resistors  in  the  circuit.  It  is  important 
that  the  resistance  between  taps  shall  not  exceed  the  resistance 
of  i?3.  The  two  double-pole  double-throw  switches,  Si  and  S2, 
permit  changing  the  circuit  into  different  arrangements  as  shown 
in  Table  I. 

Operation  of  Circuit.  When  measuring  the  e.  m.  f.  of  an 
electrode  system  in  volts  the  conventional  operations  are  per¬ 
formed,  arrangements  1  and  2  of  Table  I  being  required. 

If  the  instrument  is  to  be  used  as  a  direct-reading  pH  meter, 
arrangements  3  and  4  are  employed  and  the  calibration  chart  is 
used  to  determine  the  proper  slide-wire  setting  in  connection  with 
standardization.  The  glass,  hydrogen,  or  quinhydrone  electrode 
is  always  connected  to  EMF~  and  a  standard  buffer  of  known  pH 
is  introduced  into  the  electrode  chamber.  The  potentiometer  dial 
and  slide-wire  are  set  to  read  the  pH  of  the  standard  buffer  and 
balance  is  achieved  by  adjusting  Ft  and  R3  and  reversing  the 
polarity  of  B2  if  necessary.  The  solutions  to  be  measured  are 
then  introduced  one  after  the  other  and  the  pH  of  each  is  deter¬ 
mined  by  reading  the  potentiometer  at  the  null  point. 

Precautions.  The  precautions  to  be  taken  will  depend 
upon  the  accuracy  required  and  the  internal  resistance  of  the 
electrode  system.  When  high-resistance  glass  electrodes  are 
used  it  is  essential  that  the  lead  to  EMF~  be  very  well  insu¬ 
lated  and  that  the  whole  system  be  protected  from  electro¬ 
static  charges  either  by  shielding  or  by  operating  in  a  suitable 
location.  If  a  water-jacketed  cell  is  used  the  thermostat  must 
be  grounded  and  the  possibility  of  pinhole  leaks  to  the  thermo¬ 
stat  water  must  be  eliminated.  This  may  be  done  by  using 
standard  vacuum  technique  or  by  showing  that  the  introduc¬ 
tion  of  a  dry  cell  into  the  ground  lead  from  the  thermostat 
produces  no  variation  in  reading. 

If  a  sufficiently  sensitive  electrometer  is  used  it  is  possible  to 
read  the  potentiometer  to  ±0.001  pH  unit,  but,  of  course,  the 
absolute  accuracy  of  the  results  is  subject  to  the  usual  errors 
associated  with  electrodes  and  bridge.  When  dry  cells  are 
used  for  the  working  battery  and  resistors  having  a  high  tem¬ 
perature  coefficient  are  employed,  it  is  necessary  to  wait  a  few 
minutes  after  turning  the  set  on  before  making  final  adjust¬ 
ments.  An  initial  drift  of  2  or  3  millivolts  may  be  expected, 
but  after  the  set  has  been  on  for  awhile  it  is  possible  to  estab¬ 
lish  constancy  within  0.1  or  0.2  millivolt  over  a  reasonable 
period  of  time. 

Electrometer  Circuit 

Figure  2  shows  the  electrical  diagram  of  the  electrometer 
which  was  developed  by  modifying  Goodhue’s  design  (2)  in 
accordance  with  some  of  the  basic  principles  of  thermionic 
amplification  of  direct  currents  discussed  by  Macdonald  (7). 
The  result  is  an  electrometer  that  has  given  satisfactory  service 
and  can  readily  be  adapted  to  portable  instruments. 

Several  of  the  parts  shown  in  the  diagram  may  be  omitted  as 
nonessential.  The  leads  to  galvanometer  G  and  the  switch,  S7, 
are  unnecessary  if  a  fairly  sensitive  milliammeter  is  used  in  position 
M.  Fa  and  Si  are  designed  to  protect  the  milliammeter  or  galva¬ 


nometer  against  sudden  surges  when  the  set  is  turned  on.  With  a 
milliammeter  of  the  range  specified  this  protection  is  not  essential. 
It  was  found  empirically  that  the  set  could  be  stabilized  for  sev¬ 
eral  hours,  so  that  it  behaved  as  quietly  as  a  galvanometer,  by 
merely  momentarily  grounding  the  grid  lead  of  the  first  tube. 
The  contact  point,  P,  represents  a  convenient,  well-insulated  ex¬ 
tension  of  the  grid  lead  which  is  designed  to  facilitate  this  opera¬ 
tion.  However,  the  set  behaves  satisfactorily  without  this  addi¬ 
tion  and  without  touching  the  grid  lead. 

The  other  parts  are  essential.  A  conventional  treatment  of  the 
grid  circuit  of  the  first  tube  was  tried  but  it  was  found  that  the 
switch,  K,  and  condenser,  Cu  which  are  described  by  Goodhue  {2) 
gave  much  better  results.  Condenser  C2  was  suggested  by  Hem¬ 
ingway  (3). 

Use  of  Electrometer.  The  electrometer  is  turned  on  by 
closing  the  filament  switch,  S5,  with  S6  open.  When  the  milli¬ 
ammeter  needle  is  steady  it  is  brought  to  about  0.02  ma.  by  adjust¬ 
ing  R,;  S 6  is  closed  and  the  needle  brought  to  any  convenient  posi¬ 
tion  for  observation.  Wlien  the  set  is  first  constructed  it  may  be 
necessary  to  change  the  value  of  the  resistor,  F7,  to  accommodate 
the  individual  tube. 


Figure  2.  Diagram  of  Electrometer 

Batteries.  Be,  45  volts;  Bt,  1.5  volts  (long 
line  +) 

Condensers.  Ci,  0.001-mfd.  highest  quality 
mica;  C2,  0.1-mfd.  paper 

Fixed  resistors.  Ft,  2.5  megohms;  Fe,  5 
megohms;  F 7,  500  ohms  (depending  on 
particular  tube  in  use);  Fe,  20,000  ohms; 
F 9,  25  megohms  (exact  value  not  important) 

Key  (Tap).  K,  slightly  modified  form  of 
highly  insulated,  rapid-action,  platinum- 
contact,  single-pole,  double-throw  switch 
designed  by  Goodhue  (5) .  Central  element 
normally  contacts  grounded  element,  but  is 
brought  into  momentary  contact  with 
upper  element  by  depressing  key 

Milliammeter.  M,  direct  current  milliammeter 
range  0  to  1.0  milliampere 

P.  Special  contact  point  for  momentarily 
discharging  grid 

Resistor  (variable).  “Straight-line”  wire- 
wound,  Rt  500  ohms 

Switches.  St,  Se,  single-pole  single-throw 
switches;  S 7  optional 

Tubes.  T30,  two  30  type  tubes  having  a  rated 
filament  voltage  of  2  volts.  Reduction  of 
this  value  to  1.5  volts  does  not  decrease 
efficiency  of  these  tubes  in  this  circuit 


The  electrometer  operates  as  a  null  instrument  by  tapping 
the  key  connected  with  the  switch,  K,  of  Figure  2.  Fluctua¬ 
tions  in  thermionic  emission  or  battery  potential  may  cause  a 
momentary  shift  of  the  milliammeter  needle  or  an  occasional 
spurious  effect  on  tapping  the  key.  These  results  never  prove 
troublesome  because  subsequent  trials  always  show  a  definite 
balance  point. 
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Experiments  with  a  dry  cell  connected  in  series  with  resis¬ 
tors  ranging  from  0  up  to  80  megohms  showed  that  the  read¬ 
ing  was  essentially  unaffected  by  increasing  the  resistance  in 
series,  provided  that  the  cell  was  insulated  from  the  table  with 
glass,  or  the  high-resistance  portion  of  the  circuit  was  con¬ 
nected  to  switch  K  through  EMF~.  However,  with  the  cell 
resting  on  the  table  and  the  80-megohm  resistance  connected 
to  EMF+  (Figure  1),  an  error  of  0.27  volt  resulted. 


Details  of  Construction 

The  cost  of  the  equipment,  exclusive  of  cabinet,  potenti¬ 
ometer,  standard  cell,  and  electrode  assembly  should  not  ex¬ 
ceed  $20,  although  set  2  exceeded  this  estimate  because  the 
best  available  parts  were  purchased.  However,  set  1  was 
produced  for  less  and  has  been  giving  continuously  satisfac¬ 
tory  service  under  general  laboratory  conditions  for  almost  2 
years. 

When  selecting  parts,  special  attention  should  be  given  to 
the  excellence  of  insulation  in  switches  <Si  and  S2.  It  is  im¬ 
portant,  of  course,  that  all  resistors  be  free  from  the  possi¬ 
bility  of  faulty  contact  and  that  the  variable  resistors  be  wire- 
wound  and  smooth  in  operation,  both  mechanically  and  elec¬ 
trically.  In  general,  with  the  exception  of  condenser  Ci, 
which  must  be  of  highest  quality  (but  not  necessarily  designed 
for  high  voltage),  and  switches  Si  and  S2,  moderately  priced 
equipment  may  be  used.  A  “Triplet”  milliammeter  (Model 
221)  has  been  giving  satisfactory  service  in  set  1. 

The  essential  features  of  switch  K  are  rapid  action,  excellent 
insulation,  and  positive  contact.  Goodhue  ( 2 )  obtains  the 
first  by  using  a  long  mechanical  lever  attached  to  the  key,  the 
second  by  mounting  the  switch  elements  at  the  ends  of  glass 
rods,  and  the  third  by  constructing  the  elements  of  platinum 
wire.  The  central  element  is  soldered  to  the  end  of  a  length 
of  No.  18  steel  wire  which  is  attached  to  the  lever  by  means  of 
silk  fishline.  The  central  element  is  normally  grounded  and 
is  brought  into  momentary  contact  with  the  upper  element 
on  tapping  the  key.  Both  of  the  authors’  switches  were  made 
according  to  the  above  specifications  with  minor  variations 
in  mechanical  detail.  In  designing  a  switch  attention  should 
be  given  to  the  possibility  of  electrical  leakage  along  glass  sur¬ 
faces  and  the  possibility  that  moving  parts  may  generate 
electrostatic  charge. 

Both  of  the  authors’  sets  were  constructed  with  all  the  in¬ 
struments  mounted  on  shielded  Bakelite  panels.  The  tubes 
are  mounted  on  the  back  of  the  panels  in  an  inverted  position 
and  each  cabinet  is  shielded.  It  is  important  to  keep  the 
grid  lead  to  the  first  tube  as  short  as  possible,  and  to  make 
sure  that  condenser  C\  is  satisfactory.  Goodhue  (2)  specifies 
that  the  direct  current  leakage  through  this  condenser  shall 
not  exceed  0.01  microampere  at  200  volts.  A  condenser 
that  exceeds  this  leakage  by  a  factor  of  ten  should  be  dis¬ 
carded  but  a  certain  tolerance  is  permitted,  depending  upon 
the  precision  desired  and  the  resistance  of  the  glass  elec¬ 
trodes. 

The  required  resistance  of  Fj  will  depend  upon  the  tempera¬ 
ture  likely  to  be  encountered  in  use  and  may  be  calculated  by 
the  equation 

F  =  (lO  V  (fc0  +  at)  ~  0  R  (3) 

where  F  is  the  proper  resistance  in  ohms  of  the  fixed  resistor, 
Fi,  R  is  the  total  resistance  of  the  potentiometer,  V  is  the  total 
range  of  the  potentiometer  in  volts,  S  is  the  value  of  the  stand¬ 
ard  cell  in  volts,  and  t  is  the  lowest  Centigrade  temperature 
likely  to  be  encountered  in  use.  The  term  (ko  +  at)  is  defined 
by  Equation  2.  For  the  Leeds  &  Northrup  student-type  po¬ 
tentiometer  used  in  this  work,  R  is  160  ohms,  V  is  1.6  volts, 


and  S  was  taken  as  1.018  volts  for  the  purpose  of  these  calcula¬ 
tions. 

The  method  described  below  for  calibrating  the  complete 
circuit  eliminates  the  need  for  accurate  adjustment  of  the  re¬ 
sistance  of  Fi.  The  following  values  are  calculated  for  the 
equipment  listed  above. 


t 

Fi 

t 

Fi 

0  c. 

Ohms 

°  C. 

Ohms 

0-15 

28 

31-49 

9 

15-31 

18 

49-67 

0 

For  temperatures  above  67°  C.  the  circuit  diagramed  in 
Figure  1  may  still  be  used  for  direct  reading  in  pH  units,  pro¬ 
vided  S2  is  set  at  the  position  marked  VOLTS  and  the  po¬ 
tentiometer  is  set  to  the  value  S/k  ,when  balancing  against  the 
standard  cell. 

It  is  clear  that  it  will  be  necessary  to  insert  different  resis¬ 
tors  and  to  calibrate  each  one  separately  if  it  is  desired  to  cover 
a  wide  range  of  temperature.  An  alternative  method  is  to 
employ  a  variable  resistor  and  graduated  dial.  The  authors 
prepared  resistor  Fi  by  soldering  copper  leads  to  a  length  of 
resistance  wire.  Wire  having  a  minimum  temperature  coef¬ 
ficient  of  resistance  should  be  employed. 


Calibration  for  Use  at  Different  Temperatures 

The  calibration  requires  a  constant  potential  which  is  most 
conveniently  provided  from  the  E°  circuit  by  connecting 
EMF~  to  EMF+.  The  switching  arrangement  is  such  that 
the  leads  may  remain  shorted  during  the  entire  operation  be¬ 
cause  the  E°  circuit  is  automatically  disconnected  when  not 
needed.  Briefly,  the  calibration  consists  of  balancing  the  set 
to  read  directly  in  volts,  adjusting  the  E°  circuit  and  measur¬ 
ing  its  potential  in  volts,  balancing  the  set  to  read  in  whatever 
pH  units  happen  to  result  by  setting  the  slide-wire  at  some 
arbitrary  value,  and  finally  measuring  the  same  potential  in 
pH  units.  By  using  the  relation  expressed  in  Equation  2  it  is 
possible  to  derive  the  equation 

*  =  1  Q  _  fc0)  =  5042  -  0.05418)  (4) 


where  t  is  the  temperature  represented  by  the  slide-wire  set¬ 
ting  used  for  standardizing,  x  is  the  constant  potential  in 
volts,  and  y  is  the  same  potential  in  pH  units,  a  and  k0  are 
defined  by  Equation  2. 

The  following  operations  are  required  for  calibration: 


1.  Switch  to  arrangement  1  (Table  I)  and  adjust  R\  and  R-i 
after  setting  the  value  of  the  standard  cell  in  volts  on  the  potenti¬ 
ometer. 

2.  Switch  to  arrangement  5  (Table  I)  and  read  the  potential 
of  the  E°  circuit  in  volts.  It  is  best  to  choose  a  value  of  about 

0.45  volt.  . 

3.  Switch  to  arrangement  3  (Table  I)  and  set  the  slide-wire  at 
zero.  Balance  by  adjusting  R i  and  R2. 

4.  Switch  to  arrangement  4  and  read  the  same  potential  in  pH 
units.  Each  division  representing  0.1  volt  is  taken  as  one  pH 
unit. 

5.  Calculate  the  temperature  corresponding  to  the  slide-wire 
setting  used  in  operation  3  by  Equation  4. 

6.  Repeat  the  above  operations  for  several  different  slide-wire 
settings  and  plot  the  results. 


Experimental  Verification 

Two  sets  were  constructed  embodying  the  circuit  dia¬ 
gramed  in  Figure  1.  Both  sets  were  first  equipped  with  the 
electrometer  described  by  Goodhue  ( 2 ),  but  later  No.  1  was 
modified  to  operate  with  the  electrometer  diagramed  in  Fig¬ 
ure  2.  No.  2  was  not  changed  because  the  principal  advan¬ 
tage  of  the  modification  is  the  elimination  of  equipment  which 
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was  already  installed.  All  results  reported  below  for  No.  1 
were  obtained  while  using  the  modified  electrometer. 

The  electrode  system  diagramed  in  Figure  3  was  used  in  all  the 
work.  Water  from  a  thermostat  held  at  25°  ±  0.1°  C.  was 
pumped  through  jacket  J  and  the  solutions  studied  were  intro¬ 
duced  into  compartment  B.  The  calomel  electrode,  C,  is  of  the 
authors’  own  design  and  is  kept  covered  with  a  saturated  solution 
of  potassium  chloride  which  is  permitted  to  flow  around  the  stop¬ 
cock,  thus  maintaining  a  liquid  junction.  A  small  portion  of  this 
solution  was  discarded  after  each  determination  by  properly 
manipulating  the  stopcock.  Different  glass  electrodes  contain¬ 
ing  Brown’s  silver-silver  chloride  electrodes  ( 1 )  immersed  in  0.1  M 
hydrochloric  acid  were  used. 


Figure  3.  Electrode  System 

A.  Silver-silver  chloride  electrode 

B.  Buffer  compartment 

C.  Calomel  electrode  (saturated) 

G.  Glass  electrode 

J.  Water  jacket 

K.  Saturated  potassium  chloride  reservoir 

To  BMF~.  Always  true  when  reading  in  pH 
units,  but  electrodes  may  be  reversed  as  re¬ 
quired  when  reading  in  volts 


The  solutions  tested  were  prepared  according  to  the  specifica¬ 
tions  of  Hitchcock  and  Taylor  (4)  from  salts  that  had  been  re¬ 
crystallized  from  water  two  or  three  times  and  dried.  The 
potassium  dihydrogen  phosphate  was  freed  from  suspended  mat¬ 
ter  by  the  addition  of  purified  talc  to  the  hot  concentrated  solution 
just  before  filtration  and  subsequent  recrystallization.  The  phos¬ 
phates  were  analyzed  by  ignition  and  the  phthalate  by  titration. 
The  borax  was  dried  to  constant  weight  over  a  saturated  solution 
of  sodium  bromide  and  the  hydrochloric  acid  solution  was  pre¬ 
pared  from  constant-boiling  acid. 


Table  II.  Typical  Results  with  Set  1 


Solution 

pH 

Given  (4) 

Glass  Bulb 
124  Meg. 

Type" 

35  Meg. 

Hydrogen 
{Bi,  Figure  1 
Reversed) 

0.1  M  HC1 

1.085 

1.15 

1.11 

1.14 

0.025  M  KH2P04  + 
0.025  M  NazHPCb 

6.857 

6.83 

6.85 

6.85 

0.05  M  borax 

9.180 

9.10 

9.16 

9.19 

0.05  M  potassium 
acid  phthalate 

4.008 

Chosen  as  standard  buffer 

°  A  small  bulb  of  special  glass  (Corning  .015)  about  1  cm.  in  diameter 
was  blown  on  end  of  a  length  of  ordinary  soft-glass  tubing.  Resistance  was 
determined  on  instrument  itself  by  measuring  potential  drop  across  1- 
megohm  resistor  in  series  with  electrode  system  and  dry  cell. 


Table  III.  Typical  Results  with  Set  2 

Sign  of 


Solution 

pH 

Given  ( 4 ) 

pH 

Direct 

E.  M.  F. 
(Volts) 

Glass 

Electrode 

pH 

Calcd. 

0.1  M  HC1 

1.085 

1.10 

0.0436 

+ 

1.09 

0.025  M  KH2PO1  + 

0.025  M  Na2HP04 

6.857 

6.86 

0.2964 

— 

6.85 

0.05  M  borax 

9.180 

9.16 

0.4329 

— 

9.16 

0.05  M  potassium 

acid  phthalate 

4.008 

Standard 

0.1287 

Standard 

Table  II  gives  typical  results  of  direct  reading  in  pH  units 
with  set  1  at  25°  C. 

The  results  shown  in  Table  III  were  obtained  at  25°  C.  with 
set  2  using  a  Maclnnes  and  Dole  glass  electrode  ( 9 )  having  a 
resistance  of  70  megohms.  These  results  are  typical  of  sev¬ 
eral  independent  series  of  determinations  made  on  different 
days. 

The  circuit  has  been  further  tested  in  practical  use  for  al¬ 
most  2  years  and  has  been  found  entirely  satisfactory  for 
routine  control  and  investigation.  The  potential  of  the  E° 
circuit  can  be  measured  at  any  time  by  the  method  discussed 
in  connection  with  calibration,  thereby  eliminating  one  serious 
disadvantage  of  most  direct-reading  instruments. 

In  interpreting  the  results  recorded  above  it  should  be  noted 
that  Hitchcock  and  Taylor  (4)  recognize  the  arbitrary  nature 
of  any  pH  standard  in  the  very  acid  range.  The  intrinsic 
limitations  of  the  glass  electrode  and  the  saturated  potassium 
chloride  bridge  together  with  the  insidious  problem  of  elec¬ 
trical  leakage  should  also  be  considered.  The  later  work  of 
Hitchcock  and  Taylor  (5)  and  the  work  of  Maclnnes, 
Belcher,  and  Shedlovsky  ( 8 )  should  also  be  taken  into  ac¬ 
count  when  evaluating  the  accuracy  of  pH  measurements. 
However,  the  older  values  appearing  in  the  second  column  of 
Tables  II  and  III  have  not  been  changed  sufficiently  to  affect 
the  present  work  and  for  this  reason  the  tables  have  not  been 
recalculated. 

Summary 

A  circuit  capable  of  transforming  a  potentiometer  and 
standard  cell  into  a  direct-reading  pH  meter  is  described. 
This  circuit  is  self-calibrating  and  may  be  used  with  the  glass, 
hydrogen,  quinhydrone,  or  other  electrode  systems  in  connec¬ 
tion  with  a  suitable  electrometer.  The  design  of  a  simplified 
vacuum  tube  electrometer  is  also  given  and  some  typical  re¬ 
sults  with  various  electrodes  are  recorded. 
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Determination  of  Zinc  in  Plant  Materials 

Using  the  Dropping  Mercury  Electrode 

J.  FIELDING  REED  AND  RALPH  W.  CUMMINGS 
Department  of  Agronomy,  Cornell  University,  Ithaca,  N.  Y. 


THE  importance  of  zinc  in  plant  nutrition  has  received 
considerable  attention  in  recent  years,  and  this  has  led  to 
investigations  of  methods  of  determination  of  zinc  in  plant 
materials  and  in  soils.  The  most  promising  have  been  the 
colorimetric  method  suggested  by  Lott  (<5),  the  dithizone 
separation  as  used  by  Hibbard  (2),  spectrographic  methods 
as  outlined  by  Rogers  and  Gall  ( 6 ),  and  methods  involving 
the  use  of  the  dropping  mercury  electrode,  often  referred  to  as 
polarographic  methods.  Lott’s  colorimetric  method  involves 
a  hydrogen  sulfide  precipitation  and  complete  separation  of 
zinc  from  other  constituents.  The  dithizone  separation  is 
acknowledged  to  be  neither  as  precise  nor  as  easy  to  carry  out 
as  the  spectrographic  or  dropping  mercury  electrode  method 
(I).  The  apparatus  required  for  quantitative  measurement 
by  means  of  the  dropping  mercury  electrode  is  much  less 
expensive  than  for  the  spectrographic  method,  and  the 
method  should  be  comparatively  simple  in  the  case  of  zinc 
in  plant  materials  and  soils. 

Stout  and  his  co-workers  (7)  used  the  polarograph  in  con¬ 
junction  with  the  dithizone  chloroform  separation  in  the 
routine  estimation  of  zinc  in  plant  materials,  but  Stout  re¬ 
ported  neither  the  limits  of  zinc  that  may  be  determined  nor 
the  limits  of  substances  other  than  zinc  that  may  occur  in 
plants  without  interfering  with  the  use  of  the  method.  Some 
trouble  was  experienced  in  this  laboratory  with  the  method 
as  outlined,  particularly  where  comparatively  large  amounts 
of  zinc  or  of  cadmium,  lead,  copper,  nickel,  or  cobalt  were 
present.  In  either  case  it  was  necessary  to  extract  at  least  five 
or  six  times  instead  of  once  as  suggested  in  order  to  separate 
tire  zinc  quantitatively  from  iron,  aluminum,  and  alkali 
metals.  This  increase  in  number  of  manipulations,  besides 
being  troublesome,  increases  the  possibility  of  introducing 
contamination. 

Accordingly  a  more  satisfactory  method  has  been  devised 
in  this  laboratory  and  the  limitations  have  been  worked  out. 

Procedure 

The  sample  of  plant  material,  which  may  consist  of  0.5  to  2.0 
grams,  is  ashed  below  450°  C.  The  ash  is  taken  up  in  1  to  2  ml. 
of  concentrated  hydrochloric  acid,  evaporated  to  dryness,  taken 
up  in  a  few  milliliters  of  1  N  hydrochloric  acid,  and  transferred 
with  20  to  30  ml.  of  water  to  a  50-ml.  beaker.  The  reaction  is 
then  adjusted  by  means  of  dilute  ammonium  hydroxide  to  a  pH 
of  between  4  and  5  using  the  glass  electrode.  The  solution  is 
filtered  and  washed,  and  the  filtrate  carried  to  dryness  on  the 
steam  bath.  The  residue  is  taken  up  in  25  ml.  of  a  solution  of 


0.1  N  ammonium  acetate  of  pH  4.6,  0.025  N  with  respect  to 
potassium  thiocyanate.  The  zinc  is  then  determined  polaro- 
graphically.  Oxygen  is  removed  from  the  solution  prior  to  the 
determination  by  bubbling  in  pure  nitrogen. 

Adjustment  of  the  reaction  to  a  pH  of  4  to  5  removes  from 
solution  practically  all  the  aluminum  and  ferric  iron.  Al¬ 
though  the  alkali  metals  and  most  of  the  other  constituents 
are  not  removed,  zinc  may  be  determined  polarographically 
in  their  presence. 

Experimental  Investigations 

The  current  voltage  curves  were  all  obtained  by  use  of  the 
Heyrovsky  polarograph,  which  is  designed  for  automatic 
photographic  recording.  The  dropping  mercury  electrode  was 
constructed  like  that  recommended  by  Kolthoff  and  Lingane 
(4),  so  that  it  involved  no  rubber  connections.  Connection 
to  a  manometer  permitted  reproduction  of  a  constant  pres¬ 
sure  on  the  mercury  column  in  the  electrode  and  therefore 
reproduction  of  the  dropping  rate  of  the  electrode.  Occasion¬ 
ally  after  continued  use  the  electrode  became  clogged  and 
required  cleaning.  In  such  cases  the  method  of  cleaning 
suggested  by  Kolthoff  and  Lingane  was  followed. 

In  all  determinations  the  same  dropping  mercury  electrode 
was  used.  A  dropping  rate  of  2.0  to  2.6  seconds  per  drop  was 
found  most  satisfactory  for  the  range  of  galvanometer  sensi¬ 
tivities  used.  The  anode  potential  was  measured  against  the 
saturated  calomel  half-cell  so  as  to  correct  the  half-wave 
potential  for  it.  This  varied  so  little  that  in  routine  determi¬ 
nations  on  plant  ash  one  measurement  of  the  anode  potential 
would  probably  be  sufficient  for  correction.  The  corrected 
half-wave  potential  for  zinc  in  the  regulating  solution  used  was 
determined  as  1.01  volts. 

The  possibility  of  contamination  by  additions  of  zinc 
through  the  reagents  used  should  be  recognized,  and  it  is 
advisable  to  run  a  blank  for  correction  purposes.  The  small 
number  of  manipulations  involved  in  the  procedure  tends  to 
minimize  possibility  of  contamination.  In  the  experimental 
work  outlined  below,  where  synthetic  ash  extracts  were  made 
up  to  include  all  the  probable  constituents  of  plant  ash,  re¬ 
agent  grade  chemicals  were  used  in  every  case  and  particular 
precautions  taken  to  avoid  contamination.  A  synthetic  ex¬ 
tract  containing  all  of  these  except  zinc  was  put  through  the 
procedure  as  a  blank.  The  polarogram  showed  no  measurable 
zinc  at  the  highest  galvanometer  sensitivity  used  in  the 
investigations  and  therefore  no  correction  was  necessary. 
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Figure  1.  Comparison  of  Zinc  Alone  and  Zinc  Plus  All 
Foreign  Materials 


Presence  of  Interfering  Materials.  To  determine  the 
concentration  limits  of  materials  other  than  zinc  which  may 
appear  in  the  plant  ash  without  interfering  with  the  determi¬ 
nation  of  zinc  by  this  method,  solutions  were  made  up  con¬ 
taining  all  cations  and  anions  that  are  likely  to  appear  in  an 
extract  of  ashed  sample.  The  basic  synthetic  solution  which 
approximates  the  plant  ash  extract  is  listed  in  Table  I. 

Now  each  constituent  was  varied  in  concentration,  holding 
the  other  constituents  constant.  These  solutions  were  then 
carried  through  the  procedure  outlined  above  and  zinc  was 
determined. 

When  the  concentration  of  zinc  was  maintained  at  2  X  10~6 
gram  per  ml.  (assuming  1.0  gram  of  plant  material  ashed  and 
taken  up  in  25  ml.  of  regulating  solution,  this  is  equivalent  to 
0.005  per  cent  of  zinc)  there  was  no  interference  from  chloride, 
sulfate,  phosphate,  carbonate,  sodium,  potassium,  calcium, 
magnesium,  or  manganese  at  large  concentrations.  The 
cations  in  this  group  are  all  reduced  at  a  more  negative  poten¬ 
tial  than  zinc  and  no  interference  would  be  expected.  Iron 
and  aluminum  were  added  in  concentrations  much  larger  than 
would  be  expected  in  plant  materials.  Here  no  interference 
was  encountered,  as  they  are  largely  removed  by  pH  adjust¬ 
ment  and  filtration.  Lead,  cadmium,  and  nickel  offered  no 
interference  when  present  at  a  concentration  of  2  X  10 -5  gram 
per  ml.  (equivalent  to  0.05  per  cent  in  the  plant).  This 
indicates  that  there  is  no  interference  from  any  of  these  ele- 


Table  I.  Base  Mixture 


%  in  ^  %  in 


Material 

Element 

Mg. 

Plant" 

Material 

Element 

Mg. 

Plant" 

KC1 

10.0  K 

1.0 

MnSCb 

0.2  Mn 

0.02 

Na2C02 

0.5  Na 

0.05 

NiS04.7H20 

0.05  Ni 

0.005 

CaCl2 

10.0  Ca 

1.0 

CoCl2.6H20 

0.05  Co 

0.005 

MgS04.7H20 

4.0  Mg 

0.4 

PbCl2 

0.05  Pb 

0.005 

H3P04 

2.0  P 

0.2 

CdCl2.2H20 

0.05  Cd 

0.005 

FeCb.  6H20 

1.0  Fe 

0.10 

CuS04.5H20 

0.05  Cu 

0.005 

Al2Cb.  12H20 

0.2  A1 

0.02 

ZnS04.7H20 

0 . 05  Zn 

0.005 

“  Assuming  1.0-gram  plant  sample  represented  in  25  ml.  of  solution. 
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ments  at  concentrations  that  greatly  exceed  their  normal 
concentrations  in  plant  material. 

Copper  and  cobalt  if  present  in  abnormally  high  concentra¬ 
tions  interfered  if  the  concentration  of  zinc  was  low.  With 
the  zinc  concentration  2  X  10  ~6  gram  per  ml.,  copper  inter- 
ferred  if  present  to  the  extent  of  2  X  10 ~5  gram  per  ml.  or  more. 
However,  if  the  copper  content  was  1.6  X  10  ~6  or  the  zinc 
concentration  was  2.5  X  10-6  there  was  no  interference. 

In  the  case  of  relatively  high  concentrations  of  copper  or 
any  other  materials  reduced  at  a  lower  potential  than  zinc, 
interference  would  be  due  to  a  relatively  large  reduction  cur¬ 
rent  produced  before  the  reduction  potential  of  zinc  is  reached. 
With  such  materials  the  interference  is  determined  not  by  the 
actual  concentration  but  by  ratio  of  concentrations  of  these 
materials  to  that  of  zinc.  Zinc  could  be  determined  in  the 
presence  of  any  amount  of  copper,  lead,  cadmium,  nickel,  etc., 
provided  the  ratio  of  the  total  concentrations  of  these  ma¬ 
terials  to  that  of  zinc  does  not  exceed  10  to  1. 

Although  cobalt  is  reduced  at  a  more  negative  potential 
than  zinc,  the  zinc  and  cobalt  inflections  tend  to  coalesce  when 
relatively  high  concentrations  of  cobalt  are  present.  With 
the  zinc  concentration  2  X  10-6  gram  per  ml.,  cobalt  inter¬ 
fered  if  its  concentration  was  1  X  10-5  gram  per  ml.  or 
greater.  Further  experimentation  showed,  however,  that 
when  cobalt  occurs  in  concentrations  greater  than  1  X  10-5 
gram  per  ml.,  it  interferes  with  the  zinc  determination  only 
when  the  ratio  of  cobalt  to  zinc  exceeds  2  to  1. 


Figure  2.  Comparison  of  Zinc  Alone  and  Zinc 
Plus  All  Foreign  Materials 


The  above-mentioned  possibilities  are  not  likely  to  be  en¬ 
countered  in  practice  in  plant  materials  and  therefore  should 
not  prove  a  serious  limitation  in  the  use  of  the  method. 

Limits  of  Method.  In  order  to  determine  the  limits  of 
zinc  concentration  for  which  the  method  is  applicable,  syn¬ 
thetic  solutions  of  the  composition  indicated  in  Table  I  were 
again  made  up,  which  approximated  plant  ash  extracts  and 
contained  all  the  cations  and  anions  likely  to  occur  or  interfere. 
In  this  case  the  zinc  content  was  varied  and  the  solutions  were 
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Figuhe  3.  Comparison  of  Zinc  Alone  and  Zinc  Plus  All 
Foreign  Materials 

analyzed  for  zinc  by  the  procedure  suggested.  The  polaro- 
grams  obtained  were  compared  with  others  obtained  at  the 
same  time  by  taking  similar  concentrations  of  zinc  alone, 
evaporating  to  dryness,  taking  up  in  the  ammonium  acetate- 
potassium  thiocyanate  solution,  and  determining  polarographi- 
cally.  The  results  of  these  determinations  are  indicated 
in  Figures  1  to  5,  data  for  which  are  given  in  Table  II.  The 
synthetic  ash  extracts  of  Figure  5  involving  concentrations  of 
1  X  10 ~6  to  2  X  10 _7  gram  of  zinc  per  ml.,  where  a  high 
galvanometer  sensitivity  (1/5)  was  used,  contained  only  half 
as  much  nickel,  cobalt,  cadmium,  lead,  and  copper  as  the 
other  synthetic  extracts.  It  was  evident  that  reduction  of 
these  concentrations  was  necessary  for  determination  of  con¬ 
centrations  of  zinc  less  than  5  X  10 _7  gram  per  ml.  With  the 
possible  exception  of  copper,  this  still  represents  a  greater 
content  of  these  interfering  materials  than  normally  occurs 
in  plant  materials. 

The  range  of  determinations  varies  from  2  X  10 _4  to  2  X 
10-7  gram  of  zinc  per  ml.  Expressed  on  a  plant  basis,  if  the 
procedure  were  carried  out  as  outlined  using  as  a  sample  1 
gram  of  plant  material  and  taking  up  the  residue  from 
evaporation  in  25  ml.  of  regulating  solution,  this  would  amount 
to  a  range  of  from  0.5  to  0.0005  per  cent  of  zinc  in  the  plant. 
Higher  concentrations  than  those  listed  could  have  been  de¬ 
termined  by  using  a  lower  galvanometer  sensitivity  or  by 
diluting  the  solution,  but  this  probably  represents  the  upper 
limit  likely  to  be  encountered  in  plant  material.  With  the 
lowest  concentrations  the  measurements  become  more  diffi¬ 
cult  and  less  accurate,  owing  to  the  appreciable  “condenser” 
current  registered  at  high  galvanometer  sensitivities.  It  is 
possible  that  still  smaller  amounts  could  be  determined  in 
plant  materials  by  compensation  of  the  condenser  current  as 
suggested  by  Ilkovic  and  Semerano  (3). 

Wave  heights  were  evaluated  by  measuring  at  the  half -wave 
potential  the  vertical  distance  between  straight-line  extensions 
of  the  principal  slopes  before  and  after  the  current  step, 
placing  the  slope  lines  through  the  centers  of  the  oscillation 
amplitudes.  Several  measurements  were  made  of  each  wave 


Table  II.  Data  for  Figures  1  to  5 

(Distance  between  abscissas,  0.20  volt) 

Zinc  Difference  in  Zn  Wave 

Curve  Concentrations  Heights  between  A  and  B 

G./ml.  Mm. 


1 

2 

3 

4 

5 


Figure  1,  Sensitivity  1/200,  Drop  Rate  2.7  Seconds 


2  X  10-‘ 
1.6  X  10-“ 
1.2  X  10-> 
8  X  10 -6 
4  X  10“6 


0.0 

1.0 

1.0 

0.2 

0.0 


1 

2 

3 

4 

5 


Figure  2,  Sensitivity  1/40,  Drop  Rate  2.6  Seconds 


4  X  10-6 
3  X  10-6 
2  X  10-5 
1.2  X  10-6 
8  X  IQ’6 


0.0 

0.5 

0.0 

1.5 

1.0 


1 

2 

3 

4 


Figure  3,  Sensitivity  1/15,  Drop  Rate  2.6  Seconds 


8  X  10-6 
4  X  lO-6 
3  X  lO’6 
2  X  lO"6 


0.0 

0.5 

0.5 

0.3 


1 

2 

3 


Figure  4,  Sensitivity  1/10,  Drop  Rate  2.6  Seconds 

2  X  10-6  0.7 

1  X  lO"8  0.5 

5  X  lO”7  0.2 


1 

2 

3 


Figure  5,  Sensitivity  1/5,  Drop  Rate  2.3  Seconds 


1  X  10-» 
5  X  lO-? 

2  X  10-7 


0.8 

0.0 

1.0 


height.  The  average  of  these  was  used  in  arriving  at  the  differ¬ 
ence  in  wave  height  between  zinc  alone  and  zinc  plus  inter¬ 
fering  materials  and  treatment.  The  accuracy  of  the  method 
may  be  judged  from  the  difference  in  measurements.  It  is 
probably  governed  largely  by  the  linear  measurement  of 
wave  height,  since  the  wave  height  can  be  measured  with  pre¬ 
cision  only  to  within  1  mm.  This  obviously  means  a  greater 
relative  error  in  the  linear  measurements  involving  small 
wave  heights  (2  to  10  mm.).  Where  possible  a  sensitivity 
should  be  chosen  which  results  in  a  wave  height  of  20  mm.  or 
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Figure  5.  Comparison  of  Zinc  Alone  and  Zinc 
Plus  All  Foreign  Materials 


more.  This  reduces  the  experimental  error  and  assures  an 
accuracy  of  within  =*=  5  per  cent. 

Figure  6  illustrates  typical  curves  obtained  with  plant 
material  and  soils.  Curves  3  and  4  show  the  zinc  content  of 
two  peat  soils,  while  curves  1  and  2  show  the  zinc  content  of 
lettuce  and  spinach,  respectively,  grown  on  soil  whose  analy¬ 
sis  is  indicated  by  curve  3.  The  procedure  followed  in  the 
case  of  these  organic  soils  was  the  same  as  that  for  the  plant 
materials. 

In  the  soils  and  plant  materials  cited  in  Figure  6  it  is  ap¬ 
parent  that  any  metals  reduced  previous  to  zinc  were  either 
not  present  or  present  in  concentrations  so  small  that  they 
produced  no  measurable  diffusion  current  at  the  sensitivities 
employed.  In  practice  the  authors  have  found  this  type  of 
•curve  more  typical  than  those  shown  for  the  synthetic  solu¬ 
tions.  The  synthetic  solutions  were  made  up  to  contain 
higher  amounts  of  the  possible  interfering  elements  than  have 
been  encountered  here  or  reported  elsewhere,  in  order  to  de¬ 
termine  the  possibilities  of  the  method  under  extremely  ad¬ 
verse  conditions. 

Summary 

A  proposed  method  for  the  determination  of  zinc  in  plant 
materials  involves  the  use  of  the  dropping  mercury  electrode. 
Zinc  is  determined  in  the  presence  of  all  the  constituents  or¬ 
dinarily  present  in  the  plant  ash  except  those  that  are  removed 
by  an  adjustment  of  the  reaction  of  the  ash  extract  to  a  pH  of 
between  4  and  5. 

No  interference  is  offered  by  any  of  the  anions  or  cations 
likely  to  be  found  in  plant  ash,  even  when  present  to  an  ex¬ 
tent  much  larger  than  commonly  found. 

Limits  of  the  method  using  a  1.0-gram  sample  of  plant  ma¬ 
terial  are  from  0.5  per  cent  or  greater  to  0.0005  per  cent  of  zinc 
in  the  plant. 

The  accuracy  of  the  method  is  limited  largely  by  the 
measurement  of  wave  height.  If  a  galvanometer  sensitivity 


Figure  6.  Zinc  in  Soils  and  Plant  Materials 

Drop  rate,  2.4  seconds.  Distance  between  abscissas,  0.20  volt 
1  and  2.  Zinc  in  lettuce  and  spinach  on  soils  whose  zinc  content  is 
shown  by  curve  3.  Sensitivity  1/15 
3  and  4.  Zinc  in  two  peat  soils.  Sensitivity  1/50 

can  be  selected  to  give  a  zinc  wave  height  of  20  mm.  or  more, 
the  accuracy  is  within  =*=  5  per  cent. 
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Microscopic  Method  for 
Portland  Cement  in 
Dust  Samples 

IRWIN  A.  PEARL 

University  of  Washington,  Seattle,  Wash. 

IN  SUITS  involving  alleged  damages  due  to  portland  cement, 
the  chemist  is  frequently  called  to  analyze  samples  of 
dusts  taken  in  the  vicinity  of  the  plant.  Because  the  presence 
or  the  absence  of  cement  cannot  be  determined  with  certainty 
by  chemical  methods,  an  application  of  the  polarizing  micro¬ 
scope  has  been  devised. 

In  the  vicinity  of  a  cement  plant  the  dust  is  composed  of 
particles  from  the  kiln  stacks  and  from  various  outside  sources. 
The  dust  from  the  kiln  stacks  may  contain  unburned  lime¬ 
stone,  clay,  calcium  carbonate,  calcium  oxide,  calcium  hy¬ 
droxide,  monocalcium  silicate,  fly  ash  from  the  combustion 
of  coal,  and  the  components  of  portland  cement:  di calcium 
silicate,  tricalcium  silicate,  tricalcium  aluminate,  and  tetracal- 
cium  aluminoferrite.  The  dust  from  other  sources  is  mainly 
road  and  earth  dust  and,  if  the  roads  are  covered  with 
crushed  lime  rock,  it  contains  an  appreciable  quantity  of 
calcite.  The  calculated  values  for  the  cementation  and  the 
hydraulic  ratios  derived  from  the  analytical  data  are  of  little 
use  for  the  determination  of  cement  in  dusts  because  syn¬ 
thetic  samples,  containing  no  cement,  might  easily  give  the 
same  ratios  as  portland  cement.  From  the  percentages  of 
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Figure  1.  Photomicrographs  of  Portland 
Cement,  Lime  Rock,  and  Dust  Samples 

Left,  plane  polarized  light;  right,  crossed 
Nicols  (X  80) 


calcium  oxide  and  carbon  dioxide  found  and 
from  the  known  calcium  content  of  port- 
land  cement,  a  maximum  value  for  the 
percentage  of  portland  cement  can  be  cal¬ 
culated.  This  value  would  be  correct  if  all 
the  calcium  were  in  the  forms  of  calcium 
carbonate  and  portland  cement.  Because 
this  is  not  the  case,  a  method  that  will 
enable  the  analyst  to  approximate  more 
closely  the  percentages  of  portland  cement 
in  the  dust  samples  was  devised. 

The  method  reported  here  is  based  on 
the  microscopic  examination  of  the  dust 
samples  with  a  polarizing  microscope.  Finely 
powdered  portland  cement  at  ordinary 
-magnifications  appears  to  be  composed  of 
isotropic  or  opaque  particles  having  no 
effect  on  transmitted  polarized  light.  This, 
together  with  the  fact  that  anisotropic  proper¬ 
ties  are  shown  by  the  other  possible  com¬ 
ponents  of  the  dusts  except  the  organic 
matter,  enables  the  analyst  to  determine 
the  presence  or  absence  of  portland  cement 
in  samples  of  dusts  by  both  visual  and 
photographic  microscopy. 

The  microscopic  slides  were  made  by  care¬ 
fully  dusting  well-mixed  dust  samples  onto 
melted  hard  balsam  and  covering  with  a  cover 
slide.  After  the  balsam  hardened  the  slides 
were  examined  with  a  polarizing  microscope 
with  a  visual  magnification  of  X  80.  Each 
slide  was  first  examined  with  transmitted 
plane  polarized  light  without  the  analyzer  in 
place.  Then  without  moving  the  slide  the 
analyzer  was  inserted  in  its  crossed  position  and 
the  slide  was  again  examined.  When  a  dust 
mixture  was  examined  between  crossed  Nicol 
prisms,  under  suitable  conditions  of  illumina¬ 
tion,  all  the  anisotropic  particles  except  those 
at  the  extinction  angle  appeared  as  brilliantly 
glistening  specks  which  could  readily  be  dis¬ 
tinguished  from  the  black  or  grayish  ag¬ 
gregates  of  the  isotropic  and  opaque  particles 
such  as  those  of  portland  cement.  By  count¬ 
ing  the  particles  between  crossed  Nicol  prisms 
and  comparing  with  the  number  of  particles  in 
the  same  field  as  observed  with  plane  polarized 
light,  the  number  of  isotropic  or  opaque  particles 
was  determined. 

For  approximate  analysis,  a  visual  count 
can  be  made  in  a  short  time  with  both  plane 
polarized  fight  and  crossed  Nicols.  For  more 
exact  analyses,  the  counting  may  be  performed 
according  to  the  method  of  Seaman  (1),  who 
quantitatively  determined  the  amount  of  anthra- 
quinone-l,8-disulfonic  acid  in  the  presence  of 
the  1,5-disulfonic  acid  and  sulfuric  acid  by 
precipitation  with  barium  chloride  and  sub¬ 
sequent  examination  of  the  barium  salts  with 
crossed  Nicols.  For  permanent  record,  photo¬ 
micrographs  are  easily  made. 


Figure  1  shows  at  the  top  a  sample  of  commercial  portland 
cement,  illustrating  an  isotropic  or  amorphous  substance;  the 
bright  specks  are  due  to  particles  of  gypsum  for  controlling 
the  time  of  set.  The  next  two  photographs,  illustrating  an 
.  anisotropic  or  birefringent  substance,  are  showings  of  a  sample 


of  powdered  limestone.  The  four  lower  photographs  show 
two  dust  samples. 
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Microdetermination  of  Carbon  and  Hydrogen 

Use  of  Abrahamczik  Absorption  Tubes 

RALPH  O.  CLARK  AND  GORDON  H.  STILLSON 
Gulf  Research  &  Development  Company,  Pittsburgh,  Penna. 


Under  routine  analytical  conditions  the 
Abrahamczik  type  of  absorption  tubes, 
with  minor  structural  modifications,  com¬ 
pared  favorably  with  those  of  Pregl  design 
in  accuracy,  ease  of  handling,  and  absorp¬ 
tion  capacity.  In  addition,  they  were  prac¬ 
tically  unaffected  by  high  or  low  humidity, 
changes  in  temperature,  or  standing  idle 


for  long  periods.  The  use  of  Abrahamczik 
tubes  brings  about  economies  of  time 
corresponding  to  two  to  three  carbon  and 
hydrogen  determinations  in  a  normal  work¬ 
ing  day.  Experiments  leading  to  these 
conclusions  are  described  and  illustrated, 
as  are  the  details  of  the  tubes  and  analyti¬ 
cal  procedures. 


THE  Pregl  type  of  absorption  tube  seems  to  be  used  most 
generally  in  the  combustion  of  organic  compounds  for 
the  microdetermination  of  carbon  and  hydrogen.  The  dis¬ 
advantages  of  this  type  of  tube  are  apparent  to  all  who  have 
used  them  extensively.  Unless  the  atmosphere  of  the  labora¬ 
tory  is  controlled  in  such  a  way  as  to  place  the  relative  humid¬ 
ity  within  certain  rather  close  limits,  difficulty  in  weighing 
the  tubes  accurately  will  be  encountered.  If  the  relative 
humidity  falls  below  45  per  cent  the  tubes  invariably  assume, 
as  a  result  of  wiping,  a  static  electrical  charge  which  tends  to 
give  erratic  results  (7,  9) ;  on  the  other  hand,  if  the  relative 
humidity  is  higher  than  average,  the  permissible  blank  value 
{12)  for  the  Dehydrite  tube  (0.05  mg.)  will  be  exceeded,  and 
a  correction  must  be  applied  to  the  apparent  weight  of  the 
water  absorbed.  While  this  in  itself  is  not  objectionable,  the 
blank  correction  varies  from  hour  to  hour,  and  from  day  to 
day,  with  changes  in  relative  humidity  and  becomes  a  source 
of  error  unless  determined  at  frequent  intervals. 

Finally,  since  the  Pregl  tubes  are  normally  weighed  and  con¬ 
ditioned  while  open  to  the  atmosphere,  it  is  necessary  to  sweep 
the  oxygen  out  of  the  combustion  train  with  air  after  the 
sample  has  been  vaporized  and  burned.  By  the  standard 
Pregl  procedure  air  is  passed  through  the  system  until  100  cc. 
of  water  have  been  displaced  from  the  Mariotte  bottle  at  the 
rate  of  4  cc.  per  minute,  an  operation  which  takes  25  minutes. 

It  is  obvious  that  these  faults  might  be  eliminated  by  the 
use  of  a  tube  which  could  be  successfully  closed  to  the  atmos¬ 
phere  directly  after  the  combustion  and  during  the  weighing 


period,  and  by  the  adoption  of  a  wiping  technique  less  vigor¬ 
ous  than  that  required  by  Pregl  {11). 

Tubes  which  can  be  closed  to  the  atmosphere  have  been  de¬ 
scribed  in  the  literature  {2,  4,  5,  6,  8)  and  have  found  some 
success.  One  of  the  most  recent  developments  was  made 
by  Abrahamczik  {1).  This  paper  describes  experiences  in  the 
use  of  the  Abrahamczik  absorption  tube;  no  attempt  will  be 
made  to  compare  it  with  others  of  the  sealed  type.  Except 
for  Abrahamczik’s  original  article  there  is  not,  to  the  authors’ 
knowledge,  any  published  report  of  experimental  work  on  his 
apparatus.  With  certain  minor  modifications  in  the  Abra¬ 
hamczik  design  and  procedure,  the  authors  are  able  to  get 
better  results  under  adverse  conditions  than  with  the  Pregl 
tube,  many  of  the  faults  of  the  latter  are  eliminated  without 
sacrificing  its  virtues,  and  an  appreciable  time-saving  in  rou¬ 
tine  carbon  and  hydrogen  analyses  is  effected. 

The  Abrahamczik  absorption  tubes  were  developed  from  those 
of  Friedrich  {4,  5,  6),  which  are  shown  in  Figure  1  with  the 
Abrahamczik  tube  for  comparison.  The  grooves  {A,  Figure  1) 
encircling  the  upper  and  lower  edges  of  the  male  ground  surface 
of  the  Abrahamczik  version  are  intended  to  keep  the  lubricant 
from  leaking  out  of  the  joint  onto  the  exposed  part  of  the  ap¬ 
paratus  (S).  When  the  dots  {B,  Figure  1)  fused  into  the  tube  and 
barrel  are  aligned,  it  is  possible  to  pass  the  gases  leaving  the  com¬ 
bustion  tube  into  the  bottom  of  the  absorption  chamber  through 
one  of  the  capillary  side  arms,  upward  through  the  absorbing 
medium,  and  out  through  the  other  capillary.  The  system  may 
be  closed  to  the  atmosphere  by  merely  turning  the  tube  90°  in  the 
barrel. 


FRIEDRICH 


FRIEDRICH -STERNBERG 


ABRAHAMCZIK 


Figure  1.  Absorption  Tubes 


Structural  Modifications  in 
Abrahamczik  Tube 

The  first  Abrahamczik  tubes  used  by  the 
authors  were  purchased  from  a  microchemical 
supply  house  and  were  essentially  identical  in 
construction  and  dimensions  (Figure  2)  with 
those  described  by  their  designer  {1).  These 
tubes  were  used  in  routine  carbon  and  hy¬ 
drogen  analyses  and  gave  excellent  results. 

After  thoroughly  testing  the  tubes  as  origi¬ 
nally  designed,  certain  modifications  seemed 
justified.  According  to  Abrahamczik,  the  De¬ 
hydrite  tube  should  absorb  approximately  100 
mg.  of  water  and  the  Ascarite  tube  about  150 
mg.  of  carbon  dioxide.  Since  this  was  consid¬ 
ered  inadequate  for  routine  industrial  deter¬ 
minations,  involving  considerable  loss  of  time 
due  to  frequent  renewing  of  the  tube  filling,  the 
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Figure  2.  Abrahamczik  Absorption  Tube 

Original  at  left,  modification  at  right 

length  of  the  tube  was  increased  from  85  to  115  mm.  and  the 
diameter  of  the  ground-glass  section  was  increased  slightly. 
The  calculated  increase  in  volume  indicates  that  the  life  of 
the  tubes  was  approximately  doubled.  In  actual  use  the 
modified  type  absorbed  330  to  400  mg.  of  water  and  500  to 
600  mg.  of  carbon  dioxide,  with  a  liberal  margin  of  safety. 
Although  Abrahamczik’s  figures  were  not  checked  by  experi¬ 
ment,  they  appear  to  be  much  too  conservative.  The  increase 
in  volume  added  less  than  2  grams  to  the  weight  of  the  im- 


to  add  the  reagent  in  small  portions, 
tapping  gently  against  the  hand  after 
each  addition.  The  Dehydrite  tube  is 
packed  rather  firmly  to  prevent  ex¬ 
cessive  settling.  Commercial  Dehy¬ 
drite  (Arthur  H.  Thomas  &  Company) 
is  ground  in  a  mortar  until  fine  enough 
for  easy  filling  of  the  tubes  (10-  to  30- 
mesh). 

In  assembling  the  tubes  and  barrels, 
sufficient  grease  is  applied  to  ensure  a 
gas-tight  seal  without  filling  the  grease- 
retaining  grooves  or  the  inlet  and  outlet 
openings.  “Lef coseal”  stopcock  grease 
was  found  very  satisfactory  for  this 
purpose.  After  the  tubes  are  filled 
and  assembled,  they  are  wiped  with 
a  cloth  moistened  slightly  with  a  good 
grade  of  benzene,  and  then  with  a 
clean,  dry  chamois  skin  to  remove 
grease,  finger  marks,  and  dust.  There¬ 
after  they  are  stored  in  the  balance 
case  when  not  in  actual  use  and  are 
handled  only  with  chamois  skin  or 
with  the  specially  constructed  wire  fork 
(Figure  4)  used  for  putting  the  tubes  on 
the  balance. 

The  freshly  filled  tubes  are  condi¬ 
tioned  for  use  by  connecting  them  into 
the  standard  Pregl  carbon  and  hydrogen 
outfit  (10)  and  passing  oxygen  through 
the  system  at  the  rate  of  4  cc.  per  minute  for  1  hour.  They  are 
connected  into  the  system  in  such  a  way  that  the  gas  from  the 
combustion  tube  enters  the  absorbent  from  the  bottom  and  passes 
upward  to  the  exit  tube.  The  tubes  are  conditioned  further  by 
passing  through  them  the  combustion  products  of  an  unweighed 
sample  of  a  pure  organic  compound,  maintaining  the  flow  of 
oxygen  at  4  cc.  per  minute.  They  are  now  ready  for  use  in  an 
analysis  and  need  not  be  conditioned  again  unless  the  analyst 
deems  it  necessary  because  of  unusual  circumstances. 


proved  tubes.  A  typical  modified  Ascarite  tube  weighed  8.2 
grams  empty  and  11.0  grams  when  filled,  ready  for  use.  Be¬ 
sides  providing  more  adequate  absorption  capacity,  lengthen¬ 
ing  the  tubes  allows  them  to  be  placed  on  the  hooks  of  the 
balance-pan  suspension  for  weighing,  instead  of  on  the  pan 
itself,  as  is  necessary  when  the  regulation  Abrahamczik  tubes 
are  used. 

In  charging  the  unmodified  Abrahamczik  tubes  it  was  found 
that  the  space  at  the  center  of  the  apparatus  was  too  limited  to 
permit  easy  filling.  This  difficulty  was  completely  eliminated 
by  increasing  the  bore  approximately  1  to  1.5  mm.  at  this 
point.  Moreover,  the  slightly  larger  female  joint  necessitated 
by  this  change  allows  the  male  joint  and  tube  to  be  com¬ 
pletely  removed  while  the  closure  cap  is  in  place. 

The  standard  Abrahamczik  tube  has  capillary  side  arms 
sealed  to  the  barrel,  or  female  member,  of  the  ground  joint. 
In  practice,  these  side  arms  are  very  difficult  to  clean,  an 
operation  which  must  be  performed  before  the  tubes  are 
placed  in  the  balance  case  preparatory  to  weighing.  On  the 
modified  type  of  apparatus  these  side  arms  are  replaced  by 
tubes  of  2-mm.  bore,  as  compared  with  1  mm.  for  the  standard 
design.  The  large-bore  side  arms  are  constricted  to  0.5  mm. 
approximately  3  mm.  from  the  ground  joint  to  prevent  the 
cotton  used  for  cleaning  from  coming  into  contact  with  grease 
at  the  ground  joint.  Changing  the  side  arms  greatly  facilitates 
•cleaning  and  increases  the  blank  value  for  the  Dehydrite  tube 
only  0.010  mg.  at  a  relative  humidity  of  50  per  cent. 


Figure  3.  Ascarite  Tube  (Left)  and  De¬ 
hydrite  Tube  (Right) 


Figure  4.  Wire  Fork  for  Handling 
Absorption  Tubes 


Preparing  Tubes  for  Use 

The  tubes  are  filled  with  Ascarite  and  Dehydrite  as  directed  by 
Abrahamczik  ( 1 ).  The  details  of  the  procedure  are  apparent  from 
Figure  3.  . 

The  Ascarite  (12-  to  20-mesh)  must  not  be  packed  tightly,  since 
this  will  cause  the  tube  to  become  plugged  when  approximately 
200  mg.  of  carbon  dioxide  have  been  absorbed.  It  is  advisable 


Weighing.  After  the  absorption  tubes  have  been  dusted  and 
wiped  as  directed  below,  they  are  opened  momentarily  to  the 
atmosphere  (Ascarite  tube  first)  and  are  placed  in  the  balance 
case  by  means  of  the  wire  fork.  A  small  metal  rack  (Figure  5) 
placed  inside  the  balance  case  is  convenient  for  storing  the  tubes 
while  not  in  use  or  while  waiting  for  them  to  come  to  equilibrium. 
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Figure  5.  Aluminum  Race  for  Storing  Abrahamczik  Ab¬ 
sorption  Tubes 


When  the  Ascarite  tube  has  been  at  the  balance  for  10  minutes 
it  may  be  weighed.  At  15  minutes  it  is  permissible  to  weigh  the 
Dehydrite  tube. 

The  procedure  just  outlined,  in  which  the  pressure  is  equalized 
immediately  after  the  tubes  are  wiped,  assumes  that  the  tem¬ 
peratures  at  the  absorbing  train  and  at  the  balance  differ  by  less 
than  1°  C.  If  the  difference  is  1°  C.  or  more  it  will  be  necessary 
to  equalize  the  pressure  by  opening  the  tubes  again  for  about  1 
second  just  before  they  are  placed  on  the  balance  for  weighing. 
This  method  has  been  found  to  give  reproducible  weights. 

Combustion.  In  carrying  out  a  combustion  the  absorption 
tubes  are  weighed,  inserted  in  the  combustion  train,  and  opened 
to  the  system  by  aligning  the  reference  dots  on  the  tube  and  bar¬ 
rel;  there  is  no  preference  as  to  the  order  in  which  the  two  tubes 
are  opened.  The  regular  Pregl  combustion  procedure  {10)  is  then 
followed.  If  the  sample  is  vaporized  too  rapidly,  water  will  con¬ 
dense  in  the  Dehydrite  tube  at  the  constriction  in  the  inlet  side 
arm.  It  is  extremely  difficult  to  drive  this  condensate  into  the 
absorbent. 

When  the  second  heating  of  the  combustion  tube  with  the  mov¬ 
able  burner  is  begun,  the  beaker  beneath  the  outlet  of  the  Mariotte 
bottle  is  replaced  by  a  graduated  cylinder,  as  directed  by  Pregl, 
but  the  flow  of  oxygen  is  allowed  to  continue  and  the  system  is 
not  flushed  out  with  air.  Ten  to  20  cc.  of  water  should  be  col¬ 
lected  in  the  graduate  during  the  reheating  process.  The  flow 
of  oxygen  is  continued  until  a  total  of  50  cc.  of  water  has  been  al¬ 
lowed  here.  During  this  period  the  analyst  is  free  to  weigh  a 
sample  for  the  next  analysis.  When  the  required  volume  of  water 
has  been  collected,  the  absorption  tubes  and  the  stopcock  on  the 
Mariotte  bottle  are  closed;  it  is  customary  to  close  the  Ascarite 
tube  first,  so  that  the  pressure  within  both  tubes  is  slightly  above 
atmospheric.  The  tubes  are  removed  from  the  system  with  a 
chamois  skin  and  the  side  arms  are  wiped  out  carefully  with  cot¬ 
ton  to  remove  glycerol,  paraffin,  or  particles  of  rubber  from  the 
connecting  tubing;  the  outer  surfaces  of  the  side  arms  are  wiped 
thoroughly  with  a  chamois.  After  the  tubes  have  been  dusted 
lightly  over  their  full  length  with  a  chamois  or  a  camel’s-hair  brush, 
they  are  opened  to  the  atmosphere  for  a  moment,  transferred  to 


the  wire  fork,  and  placed  on  the  rack  in  the  balance  case  prepara¬ 
tory  to  weighing.  At  no  time  should  they  be  handled  directly 
with  the  fingers. 

If  the  dusting  and  wiping  of  the  tubes  does  not  exceed  that  just 
described,  no  trouble  from  static  charges  will  be  experienced; 
relative  humidities  as  low  as  30  per  cent  have  given  no  difficulty. 

Cleaning  Spent  Tubes.  The  cleaning  out  of  spent  tubes, 
preparatory  to  renewing  the  absorbents,  presents  no  difficulties. 
The  ground  joint  is  disassembled  and  wiped  free  of  grease.  The 
cemented  closure  cap  is  removed  and  the  entire  tube  is  immersed 
in  hydrochloric  acid  ( 10  per  cent)  for  30  minutes.  This  treatment 
effectively  removes  the  spent  reagents.  The  cotton  plugs  are 
extracted  with  a  piece  of  wire,  and  the  tube  is  rinsed  thoroughly 
with  distilled  water  and  acetone  and  dried.  The  barrel  is  rinsed 
with  benzene  or  carbon  tetrachloride  and  allowed  to  stand  for  a 
time  in  chromic  acid  cleaning  solution  to  remove  the  last  traces 
of  stopcock  grease.  If  grease  remains  in  the  side-arm  constric¬ 
tion  of  the  Dehydrite  tube,  droplets  of  water  will  collect  there 
during  a  combustion  and  can  be  driven  into  the  tube  only  with 
extreme  difficulty. 
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WEIGHT  IN  MILLIGRAMS 


Figure  6.  Optimum  Time  Interval  between 
Wiping  and  Weighing  Ascarite  Tube 

Temperature  Effects 

When  the  closed  Abrahamczik  tubes  were  tested  for  con¬ 
stancy  in  weight  there  was  a  steady  gain  throughout  the  day, 
with  a  loss  the  next  morning.  The  temperature  of  the 
microanalytical  laboratory,  since  it  was  not  thermostatically 
controlled,  rose  slowly  to  reach  a  maximum  at  the  end  of 
the  working  day.  It  was  suspected,  therefore,  that  the  rising 
temperature  was  responsible  for  the  gain  in  weight.  This  was 


Table  I.  Effect  of  Temperature  on  Weight  of  Abrahamczik  Absorption  Tubes 


Weight  against  Lead  Shot - — .  . - Weight  against  Similar  Absorption  Tube- 


Tempera- 

Ascarite 

Change  of 

Dehydrite 

Change  of 

Ascarite 

Change  of 

Dehydrite 

Change  of 

ture 

tube 

weight 

tube 

weight 

tube 

weight 

tube 

weight 

°  c. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

25.8 

3.142 

5.132 

2.396 

7.200 

26.2 

3.165 

+0.023 

5.153 

+  0.021 

2.394 

-0.002 

7.194 

-0.006 

27.2 

3.171 

+  0.006 

5.167 

+0.014 

2.382 

-0.012 

7.195 

+  0.001 

27.5 

3.191 

+  0.020 

5.189 

+  0.022 

2.378 

-0.004 

7.197 

+  0.002 

28.1 

3.198 

+  0.007 

5.198 

+  0.009 

2.378 

0.000 

7.197 

0.000 

28.7 

3.204 

+  0.006 

5.206 

+  0.008 

2.379 

+  0.001 

7.193 

-0.004 

Table  II.  Effect  of  Opening  Tubes  to  Atmosphere  to  Equalize  Pressure 


Tempera- 

Ascarite 

— Weight,  Tubes  Closed- 
Change  of  Dehydrite 

Change  of 

✓ - Weight,  Tubes  Opened  Momentarily - 

Ascarite  Change  of  Dehydrite  Change  of 

ture 

tube 

weight 

tube 

weight 

tube 

weight 

tube 

weight 

°  c. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

25.5 

1.155 

0.491 

1.155 

0.491 

26.1 

1.184 

+  0.029 

0.499 

+  0.008 

1.146 

-0.009 

0.485 

-0.006 

26.6 

1.190 

+  0.006 

0.521 

+0.022 

1.153 

+0.007 

0.487 

+  0.002 

27.5 

1.201 

+  0.011 

0.531 

+  0.010 

1.154 

+  0.001 

0.489 

+  0.002 

28.0 

1.210 

+0.009 

0.540 

+0.009 

1.154 

0.000 

0.487 

-0.002 
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Figure  7.  Optimum  Time  Interval  between  Wiping  and 
Weighing  Dehtdrite  Tube 


one  type  of  absorption  tube  for  two  consecutive  analyses, 
the  Pregl  and  Abrahamczik  tubes  were  alternated  and  both  re¬ 
sults  reported  as  checks.  The  results  are  shown  in  Table  IV. 

It  is  apparent  from  these  two  tests  run  under  routine  con¬ 
ditions  that  the  Abrahamczik  absorption  tubes  are  capable 
of  accurate  and  reproducible  results  when  judged  alone  or  by 
comparison  with  standard  Pregl  tubes.  The  hydrogen  values 
obtained  with  the  Pregl  tube  have  been  corrected  by  blank 
determinations.  This  correction  varies  from  0.100  mg.  under 
dry  conditions  to  as  high  as  0.250  mg.  when  the  humidity  is 
high.  A  series  of  blank  determinations  on  the  Abrahamczik 
dehydrite  tubes  showed  the  blank  value  to  be  approximately 
0.020  mg.  at  various  temperatures  and  at  relative  humidities, 
as  high  as  70  per  cent.  A  blank  value  of  this  magnitude  is  in¬ 
significant,  since  it  need  not  be  applied  unless  it  exceeds  0.050 
mg.  (12). 


Table  III.  Determination  of  Carbon  and  Hydrogen  in 
Pure  Salicylic  Acid,  Using  Modified  Abrahamczik 
Tubes 


Found 


Carbon 

Hydrogen 

% 

% 

60.85 

4.43 

60.85 

4.31 

60.80 

4.32 

Calculated 

Carbon  Hydrogen 

%  % 

60.78  4.35 


confirmed  by  experiment.  Conclusive  proof  was  obtained  by 
weighing  the  tubes  with  similar  tubes  for  counterpoises.  It 
was  found  that  the  maximum  deviation  between  successive 
readings  was  0.006  mg.  for  the  Dehydrite  tube  and  0.012  mg. 
for  the  Ascarite  tube  (Table  I).  Tubes  weighed  against  a 
lead-shot  counterpoise  on  different  days,  but  at  identical 
temperatures,  gave  results  which  agreed  to  within  0.005  mg. 

The  effect  of  temperature  may  be  eliminated,  as  recom¬ 
mended  by  Friedrich  (4),  by  opening  the  tubes  to  the  atmos¬ 
phere  for  a  moment  before  weighing,  in  order  to  equalize 
their  pressure  with  that  of  the  atmosphere.  At  varying  tem¬ 
peratures  this  procedure  gave  consistently  uniform  values 

(Table  II).  , 

Like  the  Pregl  tubes,  the  Abrahamczik  type  must  be  allowed 
to  stand  for  a  specified  time  at  the  balance  after  removal  from 
the  combustion  train  before  they  will  come  to  constant  weight. 
Experiment  showed  that  the  optimum  time  in  the  case  of  the 
Ascarite  tubes  was  10  minutes  (Figure  6)  and  for  the  Dehy¬ 
drite  tubes,  15  minutes  (Figure  7). 

Accuracy  of  Results 

The  final  and  most  important  test  in  the  evaluation  of  any 
absorption  tube  is  that  of  accuracy  and  reproducibility.  It 
seemed  that  this  test  could  be  accomplished  best  (1)  by  the 
use  of  the  Abrahamczik  tubes  in  the  determination  of  carbon 
and  hydrogen  in  a  pure  compound  of  known  composition, 
and  (2)  by  comparison,  under  routine  analytical  conditions, 
with  the  Pregl  tubes,  since  the  latter  have  been  used  ex¬ 
tensively  by  microanalysts  for  many  years  and  have  gi\  en 
very  satisfactory  results  when  handled  correctly  under  suit¬ 
able  atmospheric  conditions. 

The  first  test  was  carried  out  by  making  three  consecutive 
analyses  of  salicylic  acid.  The  results,  shown  in  Table  III, 
were  excellent. 

Next,  three  pure  compounds  were  analyzed,  first  with  the 
Abrahamczik  and  then  with  the  Pregl  absorption  tubes.  All 
determinations  were  made  under  approximately  the  same  con¬ 
ditions  over  a  short  time  period.  The  compounds  were  not 
chosen  for  the  test  alone  but  were  submitted  to  the  micro 
laboratory  for  analysis  by  research  workers.  Instead  of  using 


Table  IV.  Comparison  of  Pregl  and  Abrahamczik  Tubes 
in  Routine  Analysis  of  Pure  Organic  Compounds 


Com¬ 

pound 

Type  of  Tube 
Used 

Found 

Carbon  Hydrogen 

Calculated 
Carbon  Hydrogen 

% 

% 

% 

Vo 

A 

Pregl 

Abrahamczik 

80.71 

80.89 

10.31° 

10.14 

80.90 

10.15 

B 

Pregl 

Abrahamczik 

80.38 

80.36 

9.91“ 

9.99 

80.43 

9.84 

C 

Pregl 

Abrahamczik 

82.40 

82.46 

9.34° 

9.44 

82.58 

9.27 

°  Blank  correction  applied. 


Effect  of  Tubes  Standing  Idle 

When  the  Pregl  tubes  were  used  in  the  authors’  laboratory 
it  was  customary  to  recondition  them  after  they  had  stood 
overnight,  or  longer,  by  burning  an  unweighed  sample  and 
passing  the  products  of  combustion  through  the  combustion 
and  absorption  tubes.  Failure  to  do  this  generally  resulted  in 
a  low  hydrogen  value  for  the  first  analysis  after  the  shutdown. 
The  operation  took  approximately  an  hour. 

The  Abrahamczik  type  of  absorption  tube  gave  satisfactory 
results  on  the,  first  analysis  of  the  day  without  any  recondi¬ 
tioning.  Overnight  the  tubes  were  stored,  closed  to  the 
atmosphere,  in  the  balance  case.  To  avoid  partial  dehydra¬ 
tion  of  the  lead  peroxide  in  the  combustion  tube  filling,  the 
stream  of  oxygen  flowing  through  the  system  was  stopped 
after  the  last  analysis  of  the  day  by  closing  off  the  open  end 
of  the  combustion  tube.  The  next  morning  the  flow  of  oxygen 
was  resumed  and  the  combustion  furnace  was  brought  up  to 
operating  temperature.  The  absorption  tubes  were  dusted, 
opened  to  the  atmosphere  momentarily,  weighed-  after  the 
usual  time  interval,  and  the  first  analysis  was  started.  The 
results  obtained  by  following  such  a  procedure  are  shown  in 
Table  V. 

Moreover,  tubes  wdiich  had  stood  for  as  long  as  96  hours 
gave  consecutive  results  in  close  agreement  with  each  other 
and  with  the  calculated  values,  wdthout  reconditioning 
(Table  VI). 
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Table  V.  Results  with  Abrahamczik  Tubes  Which  Had 


Trial 

Stood  Idle  for  12  Hours 

Found 

Calculated 

No. 

When  Analyzed 

Carbon 

% 

Hydrogen 

% 

Carbon 

% 

Hydrogen 

% 

17 

End  of  day 

Next  morning 

81.15 

81.01 

10.55 

10.45 

81.15 

10.50 

26 

End  of  day 

Next  morning 

82.90 

82.99 

12.13 

12.21 

82.94 

12.03 

34 

End  of  day 

Next  morning 

80.94 

80.98 

10.14 

10.10 

81.00 

10.11 

40 

End  of  day 

Next  morning 

60.82 

60.80 

4.40 

4.50 

60.78 

4.35 

Table  VI. 

Performance  of  Abrahamczik  Tubes  After 

Standing  96  Hours 

Trial 

Found 

Calculated 

No. 

Carbon 

Hydrogen 

Carbon 

Hydrogen 

% 

% 

% 

% 

22 

80.86 

80.77 

10.16 

10.30 

80.85 

10.17 

30 

82.26 

82.16 

9.93 

9.78 

82.21 

9.90 

52 

80.94 

80.98 

10.19 

10.29 

80.85 

10.17 

Conclusions 

This  investigation  shows  that  the  Abrahamczik  absorption 
tubes,  with  minor  structural  changes,  compare  favorably  with 
those  of  the  Pregl  type  in  accuracy  and  reproducibility  of  re¬ 
sults,  ease  of  handling  and  filling,  and  capacity  for  the  absorp¬ 
tion  of  carbon  dioxide  and  water.  In  addition,  they  have  the 
following  advantages  over  the  Pregl  tubes: 

High  atmospheric  humidity  has  no  effect  upon  the  results 
obtained  and  corrections  for  humidity  need  not  be  applied. 

Since  the  Abrahamczik  tubes  are  not  vigorously  wiped  prior 
to  weighing,  the  effect  of  static  charges  due  to  low  humidity 
is  entirely  eliminated.  While  this  advantage  does  not  come 


from  the  design  of  the  tube,  it  is  brought  about  by  Abra- 
hamczik’s  procedure.  The  Pregl  tubes  could  probably  be 
wiped  in  a  similar  manner  with  equally  good  results. 

Because  the  Abrahamczik  tubes  are  weighed  while  filled 
with  oxygen,  it  is  not  necessary  to  flush  the  system  with  air, 
as  in  the  Pregl  procedure.  This  not  only  effects  a  saving  of 
12.5  minutes  for  each  combustion,  but  eliminates  any  possi¬ 
bility  of  error  due  to  contaminated  air. 

By  not  having  to  condition  the  tubes  at  the  beginning  of 
each  day,  the  analyst  saves  approximately  1  hour.  When  this 
hour  is  added  to  the  time  saved  by  not  having  to  flush  the 
system  with  air  after  each  combustion,  two  or  three  more 
analyses  can  be  performed  in  an  8-hour  day  than  are  possible 
with  the  Pregl  absorption  tubes. 
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Qualitative  Identification  of  Ferrocyanide  Ion 

W.  C.  OELKE 

Grinnell  College,  Grinnell,  Iowa 


THE  identification  of  ferri-  and  ferrocyanides  in  the 
presence  of  each  other  by  means  of  the  colored  precipi¬ 
tates  obtained  with  ferrous  and  ferric  ions  has  always  pre¬ 
sented  difficulty  in  qualitative  analysis.  Prussian  blue  and 
Turnbull’s  blue  appear  alike  to  most  chemists.  A  solution 
of  this  problem  is  the  use  of  titanium  tetrachloride  solution 
for  the  precipitation  of  ferrocyanide  ions.  The  slightly  yellow 
solution  of  titanium  tetrachloride  in  dilute  hydrochloric  acid 
gives  a  reddish-brown,  flocculent  precipitate  with  ferrocyanide 
ions  which  is  insoluble  in  6  M  hydrochloric  acid.  Ferri- 
cyanides  give  no  precipitate  over  a  wide  range  of  acidity. 
The  only  interference  is  from  strongly  oxidizing  anions  such 
as  chromate  and  nitrite,  which  oxidize  the  ferrocyanide 
ions. 

The  only  mention  of  this  or  a  similar  reaction  to  be  found 
in  the  literature  is  that  of  von  der  Pfordten  (I,  8),  who  indi¬ 
cates  that  both  ferri-  and  ferrocyanides  give  precipitates  with 
a  solution  of  titanium  tetrachloride  in  alcohol  and  water. 
This  has  not  been  confirmed.  An  investigation  of  the  nature 
and  constitution  of  the  brown  ferrocyanide  precipitate  is  being 
undertaken. 


The  following  method  for  the  identification  of  ferrocyanide 
ions  has  been  used  successfully  by  students  at  Grinnell 
College  (8). 

Titanium  Tetrachloride  Reagent.  Add  10  ml.  of  liquid 
titanium  tetrachloride  to  90  ml.  of  1  to  1  hydrochloric  acid. 
Caution,  use  hood. 

Test.  Place  1  drop  of  the  solution  to  be  tested  on  a  white 
spot  plate.  Acidify  slightly  with  dilute  hydrochloric  acid  and  add 
1  drop  of  titanium  tetrachloride  reagent.  A  slow-forming 
yellowish  or  reddish-brown  precipitate  indicates  the  presence  of 
ferrocyanide  ions.  Nitrite,  arsenate,  chromate,  and  other 
strongly  oxidizing  ions  interfere.  The  limit  of  sensitivity  is  about 
0.05  mg.  of  ferrocyanide  ion. 
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Photocolorimetric  Determination  of  Furfural 

R.  A.  STILLINGS  AND  B.  L.  BROWNING 
The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


THE  red  color  produced  with  aniline  or  xylidine  salts  has 
been  used  frequently  for  the  determination  of  furfural 
(1  4,  5,  9,  10).  The  colorimetric  method  possesses  distinct 
advantage’s  in  analysis  of  the  furfural  distillates  from  plant 
tissues  because  of  the  presence  of  methyl-  and  hydroxymethyl- 
furfural.  These  react  as  furfural  with  precipitants  used  m 
gravimetric  methods  or  with  reagents  used  in  volumetric 
procedures,  but  they  do  not  interfere  in  the  colorimetric 
method.  The  work  described  in  this  paper  attempts  to  define, 
more  exactly  than  has  been  done  previously,  the  conditions 
necessary  for  precise  determination  of  furfural  by  the  colori¬ 
metric  method. 


Apparatus  and  Materials 

Spectral  transmission  measurements  were  made  with  a  General 
Electric  recording  spectrophotometer.  Photometric  measure¬ 
ments  were  made  with  an  absorption  meter  which  employs  a  Wes¬ 
ton  photronic  cell  connected  through  a  potentiometer  to  a  micro¬ 
ammeter.  A  Jena  BG18  glass  filter  was  fitted  to  the  opening  of 
the  photronic  cell.  Glass  absorption  cells  providing  a  liquid 
thickness  of  5  mm.  were  used. 

The  aniline  and  xylidines  were  purified  by  redistillation  shortly 
before  use.  Furfural  was  purified  by  redistillation.  Methyl- 
furfural  was  prepared  by  the  method  of  Rinkes  (7)  and  purified 
bv  steam  distillation,  and  the  concentration  in  the  distillate  was 
determined  by  precipitation  with  2,4-dmitrophenylhydraziiie 
according  to  Iddles  and  French  ( 3 ).  Hydroxymethylfurfural 
was  prepared  by  the  method  of  Erdmann  (2)  from  chloroniethyl- 
furfural  (7)  and  a  standard  solution  was  prepared  by  the  method 
used  for  methylfurfural. 


Reaction  of  Furfural  with  Xylidine 

It  has  been  stated  that  xylidine  and  furfural  produce  a  color 
which  is  1.8  times  stronger  than  the  aniline-furfural  color  and 
at  the  same  time  more  stable  (8).  Spectrophotometric 
studies  under  the  conditions  specified  (except  that  a  tempera¬ 
ture  of  20°  instead  of  15°  C.  was  used)  showed  that  neither 
technical  xylidine  nor  any  of  the  four  xylidine  isomers  tested 
with  furfural  gave  as  low  a  minimum  transmittance  as  did 
aniline  (Figure  1).  The  spectral  transmittances  were  cor¬ 
rected  for  the  color  of  the  reagent  if  present. 

The  color  produced  by  the  xylidine  isomers  developed  more 
rapidly  than  that  produced  by  aniline.  In  each  case,  spectro¬ 
photometric  transmittances  were  determined  at  intervals 
until  the  minimum  transmittance  value  had  been  passed. 
The  typical  curves  given  in  Figure  1  represent  the  minimum 
transmittance  observed.  In  view  of  the  difficulty  ^of  obtain¬ 
ing  pure  isomers  or  definite  mixtures  of  them  in  xylidine  , 
and  of  the  widely  divergent  color  reactions  of  the  isomers 
with  furfural,  the  xylidine  method  appears  less  satisfactory 
than  the  aniline  method  for  photometric  work. 


Reaction  of  Furfural  with  Aniline 

The  reaction  has  been  applied  with  aniline  hydrochloride 
in  alcohol  solution  (5,  9),  with  aniline  acetate  in  aqueous  ace¬ 
tic  acid  solution  (10),  and  with  aniline  acetate  in  alcoholic 
acetic  acid  solution  (1). 

The  determination  of  furfural  by  direct  application  of  the 
aniline  color  reaction  to  the  12  per  cent  hydrochloric  acid 
distillate  obtained  in  analysis  of  plant  tissues  would  be  most 
convenient.  This  is  not  possible  because  of  the  low  color 
intensity  produced  under  these  conditions.  The  reaction 
applied  in  alcoholic  solution  provides  satisfactory  sensitivity, 
but  the  relatively  large  effect  of  acid  concentration  on  color 
intensity  requires  standardization  of  this  factor. 


Furfural  2  mg.  per  liter,  acetic  acid  525  grams  per  liter,  sodium  chloride 
20  grams  per  liter 

(1)  Xylidine  (technical) ;  (2)  2-amino-l,3-dimethylbenzene;  (3)  5-ammo- 
1  3-dimethy lbenzene ;  (4)  2-amino-l,4-dimethy  benzene;  and  (5)  4-amino- 
M-dimethylbenzene,  10  per  cent  by volume;  (6)  nihne  50  grams  per  liter 
Times  of  standing,  minutes:  (1)  38,  (2)  120,  (3)  9,  (4)  18,  (5)  30,  (b)  bo 
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Figure  2.  Spectral  Transmittance  of  Methyl- 
furfural,  Hydroxymethylfurfural,  and  Furfural 
with  Aniline 

Aniline  50,  acetic  acid  525,  and  sodium  chloride  20  grams  per  liter; 
time  59  minutes 

(1)  Methylfurfural,  9.8,  (2)  hydroxymethylfurfural,  11.1,  and  (3) 
furfural,  approximately  2  mg.  per  liter 


The  use  of  aniline  acetate  in  aqueous  acetic  acid  solutions 
has  been  found  most  satisfactory.  Adequate  sensitivity  is 
obtained  without  the  presence  of  alcohol,  while  the  effective 
acid  concentration  is  readily  controlled  by  neutralization  and 
addition  of  measured  quantities  of  glacial  acetic  acid. 


Figure  3.  Effect  of  Acetic  Acid  Concentration 
on  Transmittance 

Concentration,  grams  per  liter:  (1)  21,  (2)  52.5,  (3)  105,  (4) 
262,  (5)  525,  (G)  787 


Procedure.  The  conditions  of  test  used  for  study  of  the 
method  were  chosen  to  meet  the  requirements  of  dealing  with 
hydrochloric  acid  distillates  by  the  aniline  acetate-aqueous  acetic 
acid  procedure.  These  include  a  final  furfural  concentration  of  1 
to  5  mg.  per  liter  and  the  presence  of  sodium  chloride.  The  fur¬ 
fural  solution,  water,  sodium  chloride  solution  if  used,  and  aniline- 
acetic  acid  were  successively  transferred  to  a  volumetric  flask. 
Nearly  all  of  the  dilution  water  was  added  before  the  addition  of 
acetic  acid  and  aniline  to  prevent  exposure  of  the  furfural  to  ab¬ 
normally  high  concentrations  of  these  reagents  while  preparing 
the  solution.  Dilution  to  the  mark  changed  the  concentrations 
only  slightly.  Except  in  the  study  of  temperature  effect,  the 
solutions  were  stored  at  20°  =*=  1  °  C.  for  development  of  the  color. 

Because  of  statements  that  the  intensity  of  the  color  is  affected 
by  exposure  to  light  (especially  sunlight),  the  various  tests  were 
allowed  to  stand  in  total  darkness  until  the  transmission  measure¬ 
ment  was  made.  Later  tests  confirmed  the  necessity  for  this 
procedure.  The  percentage  error  due  to  standing  in  the  diffused 
daylight  of  the  laboratory  until  minimum  transmittance  was  at¬ 
tained  varied  from  zero  for  a  furfural  concentration  of  1.77  mg. 
per  liter  to  1.8  for  a  concentration  of  4.42  mg.  per  liter. 

Spectral  Transmittance  of  Furfural-Aniline.  Char¬ 
acteristic  spectrophotomctric  transmittance  curves  for  fur¬ 
fural,  methylfurfural,  and  hydroxymethylfurfural  are  shown 
in  Figure  2.  In  the  case  of  furfural,  the  wave  length  of  mini¬ 
mum  transmittance  lies  between  500  and  518  millimicrons 
for  a  wide  variety  of  experimental  conditions.  For  photo¬ 
metric  work,  Wratten  filter  65,  the  maximum  transmittance 
of  which  is  at  500  mmu,  is  entirely  suitable  and  was  used 
in  this  work.  The  maximum  transmittance  of  this  filter 
in  combination  with  the  Jena  BG18  filter  used  is  also  at 
500  mmu. 

Effect  of  Acettc  Acid  Concentration.  Increase  of 
acetic  acid  concentration  markedly  increases  the  stability  of 
the  color  (Figure  3).  The  minimum  transmittance  at  first 


decreases  rapidly  and  then  reaches  a  region  of  constancy 
(Figures  3  and  4).  These  data  are  derived  from  spectro- 
photometric  transmittance  curves,  using  20  grams  of  aniline 


per  liter,  h  rom  these  curves 
length  of  minimum 
transmittance  increases 
from  506  mmu  at  21 
grams  of  acetic  acid  per 
liter  to  512  mmu  at  787 
grams  of  acetic  acid 
per  liter. 

The  use  of  acetic  acid 
concentrations  of  200 
to  500  grams  per  liter  is 
satisfactory  in  sensitiv¬ 
ity  and  color  stability 
and  is  desirable  because 
small  changes  do  not 
affect  the  minimum 
transmittance.  The 
use  of  40  per  cent  ace¬ 
tic  acid  (10)  falls 
within  the  optimum 
range. 

Effect  of  Aniline 
Concentration.  The 
effect  of  aniline  con¬ 
centration  on  the  in¬ 
tensity  and  stability  of 
color  is  shown  in  Fig¬ 
ure  5.  The  data  are 


it  is  observed  that  the  wave 


CONCENTRATION  OF  ACETIC  ACID  -  G./L. 

Figure  4.  Effect  of  Acetic 
Acid  Concentration  on  Mini¬ 
mum  Transmittance 
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Figure  5.  Effect  of  Aniline  Concentration  on 
Transmittance 


Furfural  2  mg.  per  liter,  acetic  acid  525  grams  per  liter 
Concentration,  grams  per  liter:  (1)  20,  (2)  30,  (3)  40,  (4)  50 
(5)  60,  (6)  80,  (7)  110 


Figure  7.  Effect  of  Sodium  Chloride  on 
Transmittance 


Furfural  1.85  mg.  per  liter,  aniline  50  grams  per  liter, 
acetic  acid  525  grams  per  liter 
Concentration  of  sodium  chloride,  grams  per  liter:  (1)  0, 
(2)  20,  (3)  25,  (4)  30 


based  upon  photometric  observations,  using  a  furfural  con¬ 
centration  of  2  mg.  per  liter.  The  stability  of  the  color  is 
markedly  decreased  and  the  intensity  increased  with  increas¬ 
ing  concentration  of  aniline,  while,  as  shown  in  Figure  6, 
the  intensity  of  color  increases  rapidly  up  to  an  aniline  con¬ 
centration  of  50  grams  per  liter  and  the  change  with  further 
increase  in  concentration  is  much  less  marked.  A  concen¬ 
tration  of  50  grams  per  liter  was  selected  as  most  suitable 
since  it  provides  high  sensitivity  and  reasonable  stability  of 
color,  and  in  this  region  the  effect  of  change  in  aniline  con¬ 
centration  is  relatively  slight. 

Effect  of  Sodium  Chloride.  The  analysis  of  furfural  in 
distillates  containing  approximately  12  per  cent  hydrochloric 
acid  requires  neutralization  of  the  acid  before  treatment  with 
aniline  acetate.  After  neutralization  with  sodium  hydroxide, 

the  solution  may  con¬ 
tain  up  to  200  grams 
per  liter  of  sodium 
chloride.  The  final 
concentration  after 
addition  of  other  re¬ 
agents  is  about  20 
grams  per  liter.  The 
presence  of  sodium 
•chloride  markedly  in¬ 
creases  the  stability  of 
the  color  and  slightly 
increases  the  time  re¬ 
quired  to  reach  mini¬ 
mum  transmittance 
(Figure  7).  The  mini¬ 
mum  transmittance  is 
slightly  decreased,  but 
no  appreciable  error 
is  introduced  by  slight 
changes  in  concentra¬ 
tion.  The  maximum 
deviation  in  transmit¬ 


tance  between  20  and 
30  per  cent  sodium 
chloride  is  0.6  per  cent. 

Because  of  the  favor¬ 
able  effect  of  sodium 
chloride  in  increasing 
stability  of  the  color, 
and  because  in  any  case 
it  must  be  present  in 
analysis  of  hydrochloric 
acid  distillates,  it  is  rec¬ 
ommended  that  a  con¬ 
centration  of  20  grams 
per  liter  be  maintained 
in  photometric  meas¬ 
urements. 

Effect  of  Furfural 
Concentration.  The 
statement  of  other  in¬ 
vestigators  (1 , 6 , 9)  that 
Beer’s  law  is  valid  for 
the  furfural-aniline 
color  was  found  to  be 
true  for  furfural  con¬ 
centrations  of  0.5  to 
4.5  mg.  per  liter  (Fig¬ 
ure  8).  Deviations 
occur  at  higher  and 
lower  concentrations  under  the  conditions  of  analysis  used. 
Measurements  were  made  photometrically  on  solutions  con¬ 
taining  20  grams  of  sodium  chloride  per  liter. 

Effect  of  Temperature.  Increasing  temperature  de¬ 
creases  the  stability  of  the  color  and  the  time  required  to  reach 
minimum  transmittance  as  shown  in  Figure  9.  The  trans¬ 
mittance  at  the  minimum  is  not  affected  over  the  range  from 
15°  to  30°  C.  For  precise  work  the  temperature  should  be 
controlled,  preferably  at  20°  ±  0.5°  C.,  at  which  temperature 
minimum  transmittance  is  reached  in  55  minutes. 


Figure  6.  Effect  of  Aniline 
Concentration  on  Minimum 
Transmittance 
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Figure  8.  Relation  of  Fur¬ 
fural  Concentration  to  Trans¬ 
mittance 

Aniline  50,  acetic  acid  525,  sodium 
chloride  20  grams  per  liter 
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Figure  9.  Effect  of  Temperature  on  Trans¬ 
mittance 

Furfural  2.3  mg.  per  liter,  aniline  50,  acetic  acid  525,  and 
sodium  chloride  20  grams  per  liter 
(1)  15°  C.,  (2)  20°,  (3)  25°,  (4)  30°.  (5)  Relation  of 

temperature  to  time  required  to  reach  minimum  trans¬ 
mittance 

Methylfurfural,  Hydroxymethylfurfural,  and 
F  or  maldehy  de 

Methylfurfural  produces  a  yellow  and  hydroxymethylfur- 
fural  an  orange  color  with  aniline  acetate,  spectral  transmit- 
tances  of  which  are  given  in  Figure  2.  The  error  introduced 
by  these  substances  in  the  photometric  determination  of  fur¬ 
fural  is  shown  in  Figure  10.  Any  error  introduced  by  methyl- 
or  hydroxymethylfurfural  is  less  than  1  per  cent  if  the  con¬ 
centration  is  less  than  that  of  the  furfural.  In  the  usual 
pentosan  distillate,  their  concentrations  are  relatively  much 
less.  Formaldehyde  in  a  concentration  of  10  mg.  per  liter 
(the  only  concentration  at  which  a  test  was  made)  has  no 
effect. 

Method  of  Analysis 

Pipet  into  a  100-ml.  volumetric  flask  an  amount  of  the  furfural 
solution  which  contains  0.05  to  0.45  mg.  of  furfural.  Add  one 
drop  of  phenolphthalein  indicator  and  exactly  neutralize  with  10 
per  cent  sodium  hydroxide  solution.  Dilute  to  approximately  40 
ml.  with  water,  including,  if  necessary,  sufficient  sodium  chloride 
solution  (200  grams  per  liter)  to  produce  a  final  concentration  of 
20  grams  per  liter.  To  50  cc.  of  glacial  acetic  acid  add  from  a 
pipet  (specially  calibrated)  5  grams  of  freshly  redistilled  aniline, 
and  after  adjustment  of  temperatures  to  20°  add  to  the  volu¬ 
metric  flask  and  dilute  to  the  mark.  Store  in  the  dark  at  20°  ± 
0.5°  C.  and  measure  the  transmittance  photometrically  with 
suitable  filter  after  55  minutes.  The  transmittance  should  be 
measured  in  comparison  to  that  of  the  same  reagents  without  the 


Figure  10.  Percentage  of  Error  in 
Furfural  Determination  Caused  by 
Methyl-  and  Hydroxymethylfur¬ 
fural 

Furfural  2.2  mg.  per  liter,  aniline  50,  acetic 
acid  525,  and  sodium  chloride  20  grams  per 
liter,  time  55  minutes 

(1)  Methylfurfural,  (2)  hydroxymethylfurfural 


presence  of  furfural  as  100  per  cent.  Determine  the  quantity  of 
furfural  present  by  reference  to  a  calibration  chart  obtained  by 
treatment  of  pure  furfural  under  the  same  conditions  of  treatment. 

Accuracy 

The  conditions  of  the  proposed  method  are  so  chosen  that 
reasonable  variations  produce  minimum  error.  If  the  condi¬ 
tions  are  exactly  maintained,  the  accuracy  of  the  method  is 
limited  by  the  accuracy  of  the  calibration  chart  and  hence  by 
the  reproducibility  of  the  photometric  measurement.  This  is 
in  the  neighborhood  of  1  per  cent  for  the  instrument  used. 
In  the  analysis  of  pentosan  distillates,  the  accuracy  exceeds 
that  of  the  production  of  furfural  by  the  distillation  procedure 
since,  according  to  customary  methods,  a  correction  factor 
must  be  applied  to  compensate  for  the  incomplete  and  some¬ 
what  variable  yield  of  furfural. 
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Determination  of  Rhenium  in  Molybdenite 

Minerals 

C.  F.  HISKEY1  AND  V.  W.  MELOCHE 
University  of  Wisconsin,  Madison,  Wis. 


A  method  for  the  quantitative  determina¬ 
tion  of  5-microgram  amounts  of  rhenium 
in  the  presence  of  millionfold  excesses  of 
molybdenum  has  been  developed,  which 
combines  a  modified  distillation  and  modi¬ 
fied  colorimetric  technique.  It  has  been 
applied  to  the  analysis  of  28  molybdenite 
samples. 


A  COMPLETELY  satisfactory  method  for  the  quantita¬ 
tive  determination  of  rhenium  in  molybdenite  minerals 
has  never  been  developed,  because  of  a  combination  of  several 
analytical  difficulties.  In  the  first  place  there  is  enough  chemi¬ 
cal  similarity  between  rhenium  and  molybdenum  to  make 
clear-cut  separations  somewhat  difficult.  Secondly ,  althoug 
molybdenites  contain  the  highest  natural  concentrations  of 
rhenium  that  have  been  found,  these  concentrations  are  of  the 
order  of  0.0001  to  0.001  per  cent.  In  addition,  no  colori¬ 
metric  reaction  for  the  determination  of  rhenium  has  yet  been 
developed  in  which  molybdenum  does  not  interfere.  Conse¬ 
quently,  it  becomes  necessary  to  eliminate  molybdenum  be¬ 
fore  any  rhenium  estimation  can  be  made,  and  it  is  in  this 
operation  that  most  of  the  difficulties  arise. 

Invariably,  it  happens  that  the  small  amounts  of  rhenium 
are  either  coextracted  or  coprecipitated  with  the  molybdenum 
to  such  a  degree  as  to  make  the  procedure,  useless  for  the 
quantitative  determination  of  rhenium.  This  has  been  the 
authors’  experience  as  well  as  that  of  other  writers. 


was  satisfactory  for  qualitative  work,  it  could  not  be  used  ior 
quantitative  determinations  without  additional  refinements. 

During  the  past  year,  Willard  and  Smith  (D)  have  developed 
a  method  whereby  the  perrhenate  may  be  precipitated  from  solu¬ 
tions  with  tetraphenyl  arsonium  chloride.  From  the  work  of 
these  authors,  it  is  apparent  that  the  molybdate  does  not  inter¬ 
fere  greatly  but,  unfortunately,  it  is  not  possible  to  precipitate 
the  minute  amounts  of  rhenium  which  are  usually  present  in 

thHoffman  and  Lundell  (4)  have  used  a  differential  reduction 
with  mercurv  to  effect  the  required  separation.  Under  certain 
conditions  only  the  molybdate  is  reduced  and  this  may  be  ex¬ 
tracted  with  ether  after  treatment  with  a  thiocyanate.  Separa¬ 
tions  of  as  much  as  10  mg.  of  molybdenum  from  0.001  mg.  of 
rhenium  have  been  claimed.  This  method  would  be  satisfactory 
if  it  were  not  so  detailed  and  if  the  order  of  separation  were 

W  Hurd  and  Hiskey  ( 6 )  had  previously  announced  a  method 
which  was  capable  of  determining  as  little  as  one  “ 

rhenium  in  twenty  million  of  pyrolusite.  In  this  method  the 
rhenium  was  isolated  by  an  extraction  of  the  thiocyanate  com¬ 
plex,  followed  by  a  modified  distillation  procedure.  Since  there 
was  scarcely  any  molybdenum  in  these  minerals,  the  difficulty 
of  separation  was  not  particularly  great,  and  thus  the  method, 
nlt.hniieffi  somewhat  cumbersome,  was  satisfactory. 


In  developing  a  method  for  molybdenite  ores  two  possi¬ 
bilities  presented  themselves  for  effecting  the  separation. 
From  concurrent  studies  of  the  properties  of  quinquevalent 
molybdenum  solutions  it  seemed  reasonable  to  expect  extrac¬ 
tion  of  this  compound  under  conditions  which  would  not 
favor  the  removal  of  the  rhenium.  If  this  would  not  work  it 
seemed  likely  that  a  modified  distillation  technique,  extended 
from  the  pyrolusite  method,  might  give  the  desired  results. 
Accordingly,  the  investigation  was  carried  out  along  these 
two  lines. 


In  the  past,  a  variety  of  separations  has  been  developed  on; a 
micro  as  well  as  a  macro  scale.  Among  these  may  be  listed  the 
distillation  method  of  Geilmann  and  Weibke  (2),  which  utilized 
the  technique  of  passing  a  stream  of  moist  hydrogen  chloride  di¬ 
luted  with  carbon  dioxide  through  a  hot  concentrated  sulluri 
acid  solution  of  the  perrhenate,  followed  by  a  gravimetric  deter¬ 
mination  of  the  rhenium  which  collected  in  the  distillate.  In 
another  method  advanced  by  these  authors  (S)  the  molybdenum 
was  separated  by  precipitation  from  nearly  neutral  solutions 
with  8-hydroxyquinoline.  Both  methods  work  satisfactorily  tor 
the  ranges  in  which  they  were  intended,  but  when  applied  to  the 
problem  of  separating  5-gram  lots  of  molybdic  anhydride  from 
0.1  mg.  or  less  of  rhenium  are  not  at  all  satisfactory. 

Much  the  same  may  be  said  of  the  methods  of  Kronman  and 
his  students  (7-9),  as  well  as  of  the  work  of  Mikhailova,  Pevsner, 
and  Archipova  (10)  who  used  a  combination  of  the  distillation 
method  with  the  8-hydroxy  quinoline  method  to  effect  the  deter¬ 
mination.  The  rhenium  was  generally  determined  by  a  nitron 
acetate  precipitation.  In  all  these  variations  on  fundamental 
methods,  none  of  the  authors  obtained  the  high  degree  of  separa¬ 
tion  needed  to  make  a  simple  and  effective  method  lor  tne 
determination  of  rhenium  in  a  molybdenite  mineral,  thus,  tne 
best  that  Mikhailova,  Pevsner,  and  Archipova  were  able  to  do 
was  to  determine  milligram  amounts  of  rhenium  with  an  ac¬ 
curacy  of  0.4  to  3.0  per  cent  in  the  presence  of  not  more  than 

twice  that  amount  of  molybdenum. 

In  an  early  paper  by  Hurd  (5),  a  method  was  described  whereby 
the  molybdenum  was  extracted  from  solutions  containing 
rhenium  by  first  treating  with  ethyl  xanthate,  followed  bv 
chloroform  extraction  of  the  molybdenum  complex  thus  formed. 
The  rhenium  was  then  determined  by  reaction  with  stannous 
chloride  and  potassium  thiocyanate  (1).  Although  the  method 

1  Present  address,  Chemistry  Department,  University  of  Tennessee, 
Knoxville,  Tenn. 


Attempted  Separation  by  Extraction 

Quinquevalent  molybdenum  formed  by  the  reduction  of 
molybdate  with  stannous  chloride  is  amber  in  color  in  2  M 
hydrochloric  acid  solutions  and  emerald  green  in  8  M  hydro¬ 
chloric  acid.  At  intermediate  points  between  these  two  con¬ 
centrations  the  color  varies  from  a  dark  amber,  through  a 
brown,  an  olive  green,  and  a  chrome  green.  It  was  observed 
in  a  qualitative  way  that  at  the  higher  acid  concentrations 
the  molybdenum  developed  such  a  solubility  in  butyl  acetate 
as  to  suggest  extraction  under  these  conditions. 


Accordingly,  separation  of  the  molybdenum  from  the  rhenium 
,vas  attempted  by  reducing  a  mixed  solution  of  mob’bdate  and 
Derrhenate  with  an  excess  of  stannous  chloride  in  2  Y.hydro- 
jhloric  acid.  The  excess  stannous  chloride  was  then  oxidized  by 
adding  small  amounts  of  concentrated  bromine  water  until  it 
was  apparent  that  more  than  that  required  for  the  excess  stan¬ 
nous  chloride  had  been  added.  It  was  necessary  to  destroy  the 
excess  stannous  chloride  before  the  acid  concentration  was  in¬ 
creased;  otherwise  the  molybdenum  would  be  reduced  to  the 
pink  trivalent  form  which  is  not  soluble  in  the  butyl  acetate. 

To  this  solution,  which  was  formed  in  a  separatory  funnel,  a 
calculated  amount  of  concentrated  hydrochloric  acid  was  added 
to  bring  the  concentration  to  8  N.  The  8  N  solution  thus  formed 
was  extracted  with  butyl  acetate  until  all  the  molybdenum  seemed 
to  be  removed.  The  solution  remaining  was  then  analyzed  tor 


rhormim 


It  was  found,  however,  that  despite  the  fact  that  large 
amounts  of  molybdenum  could  be  removed  from  the  rhenium, 
it  was  impossible  to  prevent  some  of  the  rhenium  from  being 
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extracted  along  with  the  molybdenum.  In  view  of  these  re¬ 
sults  a  number  of  additional  experiments  were  performed 
with  the  purpose  of  elucidating  the  cause  of  the  difficulties 
encountered.  Experiments  were  designed  to  test  the  effect 
of  repeated  extraction  on  the  recovery  of  the  rhenium  as  well 
as  the  effect  of  the  hydrochloric  acid  concentration  on  the 
distribution  of  the  rhenium  between  the  two  solvents. 


the  rhenium  occur.  This  fact  has  been  demonstrated  for 
macro  amounts  of  rhenium  by  Hurd  (6)  and  for  micro  amounts 
by  Hurd  and  Hiskey  ( 6 ).  Thus  with  a  millionfold  excess  of 
manganese,  the  apparent  recoveries  of  the  rhenium  were  of 
the  same  order  as  the  precision  of  the  colorimetric  method  of 
analysis. 


For  Table  I  the  data  were  obtained  by  taking  100  micrograms 
of  rhenium  measured  from  a  stock  solution  containing  50  micro¬ 
grams  per  ml.,  diluting  with  2  N  hydrochloric  acid,  adding  3  ml. 
of  20  per  cent  stannous  chloride  solution,  and  after  reduction 
adding  3  ml.  of  a  concentrated  bromine  water  solution.  The 
solution  thus  formed  was  diluted  to  100  ml.  with  concentrated 
hydrochloric  acid  in  such  a  way  that  the  samples  were  8  N  when 
the  dilution  was  complete.  The  solution  was  then  extracted  with 
25  ml.  of  butyl  acetate  a  varying  number  of  times.  The  solution 
remaining  was  cautiously  evaporated  to  near  dryness,  the 
rhenium  oxidized  with  a  few  drops  of  Super-oxol,  and  the  rhenium 
determined  in  the  usual  way. 


Table  III.  Distillation  of  Rhenium 


Rhenium  Taken 
Micrograms 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


H2SO4  in  Solution 
% 

0.0 

7.0 

13.0 

19.0 

25.0 

30.0 

35.0 

40.0 

44.0 

48.0 

52.0 


Rhenium  Found 
Micrograms 

100 

100 

100 

102 

101 

103 

101 

107 

106 

66 

47 


Table  I.  Effect  of  Repeated  Extraction 


No.  of 

No.  of 

Extrac¬ 

Extractions 

Re  Taken 

Re  Found 

tions 

Re  Taken 

Re  Found 

Micrograms  Micrograms 

Micro  grams  Micrograms 

1 

100 

105 

4 

100 

58 

100 

100 

100 

55 

100 

98 

100 

53 

100 

97 

100 

50 

2 

100 

97 

2 

250 

236 

100 

96 

250 

236 

100 

89 

250 

216 

3 

100 

87 

4 

250 

165 

100 

73 

250 

160 

250 

140 

Much  the  same  procedure  was  followed  in  studying  the  ef¬ 
fect  of  the  hydrochloric  acid  concentration  on  the  extraction 
of  the  rhenium.  The  procedure  was  modified  so  that  when 
the  solutions  were  finally  diluted  to  100  ml.  the  normalities 
of  the  hydrochloric  acid  would  have  different  values.  Extrac¬ 
tion  was  then  made  with  three  25-ml.  portions.  Data  ob¬ 
tained  in  this  way  are  listed  in  Table  II. 

Table  II.  Effect  of  Hydrochloric  Aero  Concentration 


Normality 
of  HC1 

Rhenium  Taken 

Rhenium  Found 

Micrograms 

Micrograms 

5 

100 

96 

100 

92 

100 

86 

6 

100 

98 

100 

80 

100 

77 

7 

100 

60 

100 

58 

100 

45 

In  view  of  the  unpromising  tenor  of  these  results,  it  seemed 
clear  that  no  approach  to  the  separation  of  these  two  elements 
could  be  satisfactorily  based  on  this  type  of  extraction. 

Recourse  was  then  had  to  a  modified  Geilmann  method  of 
distilling  in  an  attempt  to  effect  separation.  Although  it  was 
known  that  the  molybdenum  did  distill  in  the  method  pro¬ 
posed  by  Hurd  and  Hiskey  ( 6 ),  this  was  not  especially 
troublesome  in  pyrolusite  analysis  because  these  samples 
seldom  contained  more  than  traces  of  the  interfering  ele¬ 
ment.  In  the  case  of  the  molybdenite  minerals,  the  diffi¬ 
culty  becomes  of  paramount  importance,  but  by  a  series  of 
changes  in  manipulative  technique  it  became  possible  to  de¬ 
velop  an  effective  separation  of  the  elements  as  well  as  a 
method  for  determining  the  rhenium  content 

Experimental 

Solution  of  Sample.  When  pyrolusite  samples  are  dis¬ 
solved  or  digested  with  hydrochloric  acid  in  the  presence  of 
small  amounts  of  hydrochloric  acid,  no  appreciable  losses  of 


For  the  molybdenite  samples,  solution  was  first  effected  with 
concentrated  nitric  acid  fortified  with  a  small  amount  of  fuming 
nitric.  At  no  time  during  the  solution  process  was  the  tempera¬ 
ture  permitted  to  go  above  80°  C.  After  all  the  molybdenite 
had  been  oxidized  to  the  trioxide,  the  excess  nitric  acid  was  re¬ 
moved  by  repeated  evaporation  with  small  amounts  of  hydro¬ 
chloric  acid.  It  was  found  necessary  to  remove  all  the  nitric 
acid,  because  otherwise  it  would  interfere  later  in  the  colorimetric 
determination  of  the  rhenium.  Following  complete  removal  of 
the  nitric  acid,  the  hydrochloric  acid  solution  was  permitted  to 
evaporate  to  a  small  volume  but  not  to  incipient  dryness.  Con¬ 
centrated  sulfuric  acid  was  now  added  to  the  concentrated 
molybdenum  solution  and  the  sample  was  ready  for  distillation. 

Distillation.  The  distillation  of  rhenium  in  100-microgram 
quantities  has  been  made  a  quantitative  procedure  by  heating 
the  sulfuric  acid  to  260°  to  270°  C.,  while  passing  a  mixture  of 
steam  and  air  through  the  solution  at  such  a  rate  that  in  the 
course  of  2  hours  250  ml.  of  distillate  are  recovered.  This  distil¬ 
late  contains,  in  addition  to  the  rhenium,  varying  amounts  of 
sulfuric  and  molybdic  acids. 

In  the  past,  it  had  been  customary  to  determine  the  specific 
gravity  of  the  distillate  in  order  to  estimate  the  amount  of  sul¬ 
furic  acid  needed  in  preparing  the  standard  solution  for  compari¬ 
son.  Because  this  is  a  very  bothersome  procedure,  a  series  of 
studies  was  made  in  which  the  amount  of  sulfuric  acid  in  the 
distillate  was  varied  while  the  rhenium  concentration  was  held 
constant.  To  the  sulfuric  acid  solutions  of  varying  concentra¬ 
tions,  100  micrograms  of  rhenium  as  perrhenate  were  added.  The 
total  volumes  were  125  ml.  To  each  of  these  solutions  50  ml. 
of  concentrated  hydrochloric  acid,  5  ml.  of  potassium  thiocyanate 
solution  (20  per  cent),  and  5  ml.  of  stannous  chloride  solution 
(20  per  cent)  were  added  in  the  above-named  order.  The  solu¬ 
tions  were  permitted  to  stand  for  about  7  minutes  and  then 
compared  in  long  Nessler  tubes.  With  the  solution  containing 
no  sulfuric  acid  being  taken  as  a  standard,  the  results  listed  in 
Table  III  were  obtained. 

From  this  it  is  evident  that  so  long  as  not  more  than  35 
per  cent  of  sulfuric  acid  is  present  in  the  distillate,  its  effect 
can  be  ignored.  Inasmuch  as  such  high  sulfuric  acid  con¬ 
centrations  as  those  listed  in  Table  II  were  never  obtained, 
the  authors  have  generally  tended  to  stop  taking  specific 
gravity  determinations  of  the  distillate. 

Their  next  concern  was  with  the  interference  of  the  molybdic 
acid.  A  series  of  distillations  was  made  in  which  varying 
amounts  of  molybdenum  as  molybdic  oxide  were  placed  in 
the  distilling  flask  and  the  distillation  was  performed  in  the 
usual  way.  The  amount  of  the  oxide  in  the  flask  was  varied 
from  500  micrograms  to  10  grams.  As  the  concentration  in 
the  distilling  flask  increased,  so  also  did  the  concentration  of 
the  molybdenum  in  the  distillate  increase.  It  can  be  said  in 
general  that  the  amount  varied  from  a  few  micrograms  where 
the  distilling  flask  contained  a  few  milligrams  to  a  few  milli¬ 
grams  when  the  flask  had  several  grams  of  the  molybdic 
oxide  in  it. 

What  seems  to  be  happening  here  is  that  the  molybdenum 
is  carried  over  mechanically  by  the  fine  spray  formed  when 
the  steam  comes  in  contact  with  the  hot  concentrated  sul- 
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furic  acid.  This  was  strikingly  demonstrated  by  filtering 
the  gases,  as  they  left  the  flask,  through  a  tube  packed  with 
glass  thread.  In  this  way  the  misty  appearance  of  the  gas 
was  overcome  and,  at  the  same  time,  the  amount  of  molyb¬ 
denum  distilling  was  reduced  to  a  very  small  amount.  Un¬ 
fortunately  this  device  altered  the  distillation  rate  of  the 
rhenium  as  well  as  the  conditions  under  which  it  was  obtained, 
in  such  o>  way  as  to  be  unsatisfactory. 

After  trying  a  large  number  of  different  experiments  m 
which  most  of  the  variables  were  studied,  it  was  observed 
that  the  molybdenum  carry-over  could  be  minimized  if 
certain  empirical  conditions  were  maintained.  Of  these  con¬ 
ditions  the  most  important  were: 


1  The  volume  should  be  kept  at  a  minimum  in  the  distilling 
flask.  For  the  300-ml.  flask  used,  it  was  not  desirable  to  have 

more  than  100  ml.  of  acid.  . 

2  The  temperature  of  the  solution  in  the  distilling  flask 
should  be  held  near  260°  to  270°  C.  without  going  above  in 
order  to  avoid  mist  formation  attendant  on  the  decomposition 

of  the  sulfuric  acid.  ,  ,  -ui~ 

3  The  steam  used  should  be  kept  as  dry  as  possible,  and 
especially  should  one  avoid  the  explosions  due  to  drops  oi  con¬ 
densed  steam  coming  in  contact  with  the  hot  acid. 


Mo  Taken 
Mg. 


0.0 

0.1 

0.1 

0.2 

0.2 

0.5 

0.5 

1.0 

1.0 

2.0 

2.0 

5.0 

10.0 

10.0 


Table  IV.  Effect  of  Molybdenum 


, - Micrograms  of  Rhenium 

20  min.  40  min.  60  min. 


Found  after: - > 

75  min.  90  min. 


100 

100 

117 

115 

116 

114 

130 

121 

129 

117 

127 

120 

127 

123 

137 

122 

134 

125 

152 

122 

150 

127 

153 

124 

167 

119 

170 

127 

100 

109 

110 
107 
107 
105 
107 

107 

108 

109 
108 

110 
112 
112 


100 

100 

106 

101 

106 

100 

106 

102 

105 

102 

102 

103 

103 

102 

104 

100 

105 

102 

105 

100 

106 

102 

107 

104 

109 

101 

107 

105 

Estimation.  Since  it  was  impossible  to  effect  a  complete 
separation  even  with  these  modifications  of  the  distillation 
method,  it  became  necessary  to  alter  the  colorimetric  tech¬ 
nique  so  that  the  small  amounts  of  molybdenum  coming  over 
would  not  interfere  as  they  had  done  heretofore.  As  it  had 
been  shown  previously  that  high  concentrations  of  hydro¬ 
chloric  acid  had  an  appreciable  fading  effect  on  the  thiocyanate 
complex  of  the  molybdenum,  whereas  its  effect  on  the  rhenium 
complex  was  insignificant,  it  was  decided  to  see  whether  the 
interference  of  the  molybdenum  could  be  eliminated  by 
allowing  a  longer  time  interval  for  the  fading  effect  of  the 
hydrochloric  acid  to  operate  before  the  comparisons  were 

made.  , 

In  order  to  do  this,  a  series  of  samples  was  prepared  con¬ 
taining  a  fixed  amount  of  rhenium  (100  micrograms),  a  fixed 
amount  of  all  the  other  reagents  necessary  for  this  process, 
but  various  amounts  of  added  molybdenum.  These  were 
permitted  to  react  and  the  color  intensity  was  determined  by 
comparing  them  with  one  of  the  samples  that  contained  no 
molybdenum.  In  Table  IV  are  fisted  the  data  obtained. 

It  thus  becomes  apparent  that  the  small  amounts  of  molyb¬ 
denum,  always  less  than  1  to  2  mg.,  which  are  carried  over 
in  the  distillation  process  can  be  prevented  from  interfering, 
if  the  solutions  stand  sufficiently  long  to  permit  bleaching 
of  the  molybdenum  complex  to  take  place. 

When  little  or  no  rhenium  is  present  but  one  observes  the 
presence  of  molybdenum,  it  is  advisable  to  extract  the  thio¬ 
cyanate  complex  with  a  few  milliliters  of  ether  in  order  to 
concentrate  the  color  and  then  to  add  a  few  milliliters  of 
concentrated  hydrochloric  acid  to  the  extract.  This  serves 
to  bleach  the  molybdenum  complex  in  the  ether  layer  but 


leaves  the  rhenium  thiocyanate  complex  relatively  unaf¬ 
fected.  In  this  way  one  can  establish  with  certainty  that 
the  faint  color  observed  is  due  to  rhenium  and  not  to  traces 
of  unbleached  molybdenum  thiocyanate. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


Table  V.  Determination  of  Rhenium 


(4-gram  sample  of  M0O3) 
Rhenium  Added  Rhenium  Found 
P.  p.  m.  P •  V .  m- 


Error 
P.  p.  m. 


1.0 

1.5 

0.0 

1.25 

0.25 

1.25 
0.0 

1.5 
1.0 

2.5 
3.0 
0.0 

6.25 
8.75 

4.5 


1.5 
2.0 
0.0 
1.25. 
0.75 

1.75 
0.0 

1.25 
0.75 

3.25 

2.5 
0.0 

5.25 
9.0 

3.75 


+0.5 
+0.5 
0.0 
0.0 
+0.5 
+0.5 
0.0 
-0.25 
-0.25 
+0.75 
-0.5 
0.0 
-1.0 
+  0.25 
-0.75 


11.25 
4.5 

7.75 
5.25 

31.25 

31.25 
25.0 
37.5 

13.75 
15.0 
25.0 
13.75 

26.25 
27.50 


11.75 
3.5 
7.0 
5.25 

31.75 

30.50 
24.5 

36.25 

13.25 

14.75 

24.25 
15.00 
26.00 

27.50 


+0.5 
-1.0 
-0.75 
0.0 
+0.5 
-0.75 
-0.5 
-1.25 
-0.5 
-0.25 
-0.75 
+  1.25 
-0.25 
0.0 


Procedure.  The  complete  procedure  as  finally  developed 
was  as  follows : 

Four  grams  of  the  finely  pulverized  molybdenite  are  trans¬ 
ferred  to  a  250-ml.  Erlenmeyer  flask  and  thoroughly  mixed  into 
20  ml.  of  concentrated  nitric  acid.  After  any  initial  frothing 
ceases,  about  5  ml.  of  fuming  nitric  acid  are  added,  the  re¬ 
action  is  allowed  to  proceed  with  occasional  stirring.  Alter  the 
main  reaction  subsides,  the  flask  is  placed  on  a  hot  plate  and 
heated  to  just  below  the  boiling  temperature.  When  all  the  red 
fumes  have  cleared  from  the  flask,  about  50  ml.  of  concentrated 
hydrochloric  acid  are  added  with  sufficient  care  to  prevent  the 

hot  solution  from  foaming  out.  ,  ,  . 

The  solution  is  slowly  evaporated  with  occasional  replacement 
of  the  hydrochloric  acid  until  there  is  no  trace  of  chlorine  being 
evolved.  This  usually  requires  a  total  of  about  125  to  150  mL 
of  the  hydrochloric  acid.  The  volume  is  then  reduced  to  about 
25  ml.,  but  never  to  dryness  or  even  incipient  dryness,  and  75 
ml.  of  concentrated  sulfuric  acid  are  carefully  added,  care  being 
taken  to  avoid  excessive  frothing  due  to  escape  of  the  hydrogen 
chloride  gas.  The  solution  as  well  as  any  precipitated  molybdic 
oxide  is  now  transferred  to  a  distilling  flask  similar  to  that  de¬ 
scribed  in  a  previous  communication  ( 6 ),  and  separation  is 
effected  by  distilling  with  a  mixture  of  two  parts  of  steam  and  one 
nart  of  carbon  dioxide  or  air,  meanwhile  keeping  the  suit  uric 
acid  solution  at  about  260°  to  270°  C.  Distillation  is  continued 
for  about  2.5  hours  at  such  a  rate  that  in  that  tune  2oU  ml.  oi 
distillate  are  collected.  The  distillate  is  collected  in  a  receiver 

immersed  in  an  ice  bath.  .  .  ,  , 

The  250-ml.  distillate  is  now  treated  with  a  few  drops  of  a 
concentrated  solution  of  bromine  dissolved  in  an  aqueous  bro¬ 
mide  solution,  in  order  to  destroy  any  sulfur  dioxide  which  may 
have  formed  during  the  distillation  process  Only  enough 
bromine  should  be  added  to  produce  a  faint  yellow  color  in  the 

^  Aperies  of  standards  is  now  prepared  containing  10,  50,  and 
100  micrograms  of  rhenium.  Then  to  each  of  these,  as  well  a,s  the 
unknown  100  ml.  of  concentrated  hydrochloric  acid  are  added. 
After  cooling,  10  ml.  of  20  per  cent  sodium  thiocyanate  are 
added,  followed  by  10  ml.  of  a  20  per  cent  stannous  chloride 
solution.  The  solutions  are  permitted  to  stand  until  the  color 
due  to  the  molybdenum  complex  has  faded  out,  usually  about 
half  an  hour,  although  occasionally  more  time  must  be  allowed, 
and  then  comparisons  of  the  unknowns  with  the  proper  standards 
are  made  in  100-ml.  Nessler  tubes.  It  is  advisable  to  check  the 
solutions  a  second  time  after  a  lapse  of  some  20  minutes,  to  be 
sure  that  the  molybdenum  has  faded  completely,  from  the 
ratio  of  the  height  of  the  column  of  the  liquids  in  the  unknown 
and  in  the  standard  tube,  the  amount  of  rhenium  in  the  original 
sample  can  be  estimated. 


506 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


YOL.  12,  NO.  9 


This  method  was  tested  using  rhenium-free  molybdenum 
trioxide  to  which  various  amounts  of  rhenium  were  added. 
In  Table  V  the  results  are  listed  as  obtained  in  the  analysis 
of  a  series  of  samples  whose  composition  was  unknown  to  the 
operator.  ' 

Examination  of  Table  V  reveals  that  while  the  general 
percentage  accuracy  is  not  very  high,  especially  on  the  smaller 
amounts,  at  no  time  was  rhenium  reported  when  none  was 
present.  Thus,  while  the  accuracy  of  the  rhenium  determina¬ 
tion  is  low,  it  is  nevertheless  possible  to  estimate  the  order  of 
the  rhenium  content  to  a  degree  which  has  not  hitherto  been 
possible. 


Interference  from  Selenium 

In  the  application  of  this  method  to  naturally  occurring 
molybdenum  minerals,  no  difficulty  was  encountered  except 
in  a  few  cases  where  the  minerals  contained  selenium.  In 
these  instances  a  pronounced  red  coloration  due  to  precipi¬ 
tated  selenium  was  obtained,  making  colorimetric  estimation 
impossible. 

The  course  taken  by  the  selenium  in  this  method  seems 
relatively  clear.  During  the  solution  process  the  selenium 
is  oxidized  to  the  selenate,  but  during  distillation  the  sample 
is  partially  reduced,  forming  selenite  and  elemental  selenium, 
both  of  which  distill  into  the  receiver.  While  it  is  possible 
to  remove  all  the  elemental  selenium  by  filtration,  this  does 
not  eliminate  the  selenite.  Consequently  on  addition  of  the 
stannous  chloride  solution,  the  selenite  is  reduced  to  ele¬ 
mental  selenium  under  such  conditions  that  some  sol  forma¬ 
tion  takes  place. 


Table  VI.  Determination  of  Rhenium  in  Presence  of 
Molybdenum  and  Selenium 

(4  grams  of  ammonium  molybdate  in  each  sample) 


0.1  M 

EhSeOa 

Rhenium  Taken 

Rhenium  Found 

Ml. 

Micrograms 

Micrograms 

0.1 

12 

13 

0.3 

23 

26 

0.4 

21 

20 

0.5 

71 

77 

0.6 

35 

32 

0.8 

9 

5 

1.0 

40 

47 

1.2 

123 

120 

Table  VII.  Distribution  of  Rhenium  in  Molybdenite 

Minerals 


No. 

Arizona,  Copper  Creek  Region 

1  Sample  1 

2  Sample  2 

3  Sample  3 

Colorado,  Climax  Region 

1  Powdered  molybdenite  sample 

2  Solid  molybdenite  sample 

3  Cottrell  dust  sample  from  rich  gas  dry  precipitator 

4  Sludge  sample  from  the  lead  Cottrell 


Rhenium 
P.  p.  m. 


40. 

27.5 

None 


1.2 

6.2 

65. 


New  Mexico,  Hurley  Region 

1  Finished  molybdenite  concentrates  recovered  by  flotation 


from  copper  flotation  concentrates  17.5 

Questo  Region 

1  Sample  1  7.5 

2  Sample  2  7.5 

3  Sample  3  7.5 

4  Sample  4  9 . 

5  Sample  5  12.5 

6  Flue  dust  sample  20. 


Utah,  Bingham  Region 

1  Fissure  specimen  31 . 

2  Fissure  specimen  44 . 

3  Typical  monazite  porphyry  with  finely  disseminated  molyb¬ 

denite  7 . 5 


Utah,  Garfield  Region 


1  Sample  1  None 

2  Sample  2  None 

3  Sample  3  3.5 

4  Sample  4  6. 

5  Sample  5  7 . 

6  Sample  6  37 . 


Brazil® 

1  Molibdeno 

2  Manganese 


12.5 

None 


Norway,  Knaben  Molybdaengruber,  Knaben  Gruvor,  Flekkefjord 

1  Sample  containing  approximately  95%  molybdenite,  0.8% 

copper  pyrite,  3.0%  quartz,  and  traces  of  pyrite  and  mica  5 . 

2  Sample  of  dust  from  drying  furnace  containing  approxi¬ 

mately  90.0%  molybdenite,  1.80%  copper  pyrite,  the 
balance  quartz,  pyrites,  iron,  and  organic  substances 


a  Legacio'n  de  la  Republica  Dominica. 


Significant  among  these  results  are  the  high  rhenium  con¬ 
centrations  found  in  the  fissure  specimens.  Several  concen¬ 
trates  showed  analyses  of  70,  325,  and  597  parts  of  rhenium 
per  million  of  ore,  although  for  the  two  higher  values  it  was 
necessary  to  reduce  the  size  of  the  sample  to  0.1  gram  in 
order  to  get  reproducible  results.  These  three  samples  repre¬ 
sent  the  highest  natural  concentrations  of  rhenium  ever  re¬ 
corded. 


Since  the  selenium  formed  under  these  conditions  cannot  be 
removed  by  filtration,  it  becomes  impossible  to  make  any 
quantitative  colorimetric  estimation  of  the  rhenium. 

To  eliminate  this  difficulty  the  selenium  should  be  removed 
immediately  following  the  solution  of  the  sample:  The  solution 
is  made  at  least  8  or  10  N  with  hydrochloric  acid,  about  1  gram 
of  sodium  sulfite  is  added,  and  after  it  is  thoroughly  dissolved 
the  solution  is  allowed  to  stand  for  about  10  minutes.  It  should 
then  be  filtered,  followed  by  a  thorough  washing  of  the  residue. 
The  volume  of  the  filtrate  is  reduced  to  about  25  ml.  by  slow 
evaporation  on  the  hot  plate,  and  the  determination  may  be 
continued  in  the  regular  way. 

In  Table  VI  are  listed  some  typical  determinations  where 
various  amounts  of  selenium  dioxide  were  added.  From  an 
examination  of  these  data  it  is  apparent  that  the  effect  of  the 
selenium  has  been  eliminated,  although  the  accuracy  of  the 
determinations  is  less  than  when  the  selenium  separation  is 
not  included. 

Application 

The  method,  as  developed,  was  applied  to  approximately 
28  samples  of  molybdenite  ores  obtained  from  mines  in 
Arizona,  Colorado,  New  Mexico,  Utah,  Brazil,  and  Norway. 
The  analyses  of  25  of  these  samples  are  listed  in  Table  VII. 
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Determination  of  Hydroxyl  Groups  with 

Grignard  Reagent 

WALTER  FUCHS,  NORMAN  H.  ISHLER,  AND  ALLAN  G.  SANDHOFF 
School  of  Mineral  Industries,  The  Pennsylvania  State  College,  State  College,  Penna. 


A  METHOD  for  the  determination  of  active  hydrogen  was 
developed  in  1907  by  Zerewitinoff  (3),  who  based  his 
procedure  on  the  evolution  of  methane  from  a  Grignard  re¬ 
agent  of  methyl  magnesium  iodide  upon  reaction  with  a  com¬ 
pound  containing  active  hydrogen : 

CH3MgI  +  ROH  — CH4  +  ROMgl 

Early  apparatus  consisted  of  a  reaction  vessel  with  a  side  arm 
connected  to  a  gas  buret  by  a  glass  tube  through  the  stopper. 
The  Grignard  reagent  was  placed  in  the  side  arm  and  the  sample 
in  the  vessel:  the  stopper  and  tube  were  inserted,  and  the  vessel 
was  tipped  so  as  to  bring  the  Grignard  in  contact  with  the  sample. 
The  methane  evolved  was  measured  directly  in  the  gas  buret. 

Isoamyl  ether  was  used  in  place  of  ethyl  ether  as  a  solvent  lor 
the  Grignard  reagent  because  of  its  low  vapor  pressure  and,  lur- 
ther,  because  at  that  time  it  was  one  of  the  few  ethers  avadable  in 

qUAn  accuracy  of  about  5  per  cent  was  obtained  with  many  sub¬ 
stances.  In  cases  where  the  sample  was  insoluble  in  the  solvent  o 
the  Grignard  reagent,  it  was  dissolved  in  pyridine  (3).  Xylene, 
mesitylene,  or  anisole  (1)  were  sometimes  used  as  solvents  for  the 
methyl  magnesium  iodide.  A  ,  ,  , 

Kohler  (2)  developed  a  highly  refined  apparatus  for  determine 
tion  of  active  hydrogen  with  which  he  attained  accurate  results. 
This  apparatus  is  hardly  suitable  for  work  where  few  determina¬ 
tions  are  to  be  run,  because  its  operation  is  involved  and  it  is  not 
readily  adapted  to  an  occasional  determination.  This  apparatus 
permits  standardization  of  the  Grignard  solution,  addition  of  a 
measured  amount,  free  from  air  and  moisture,  and  addition  ol 
water  after  the  reaction  is  complete.  Thus,  he  is  able  to  measure 
not  only  methane  evolved  by  active  hydrogen  and  other  groups, 
but  also  the  amount  of  reagent  used  by  addition  reactions  such  as 
the  addition  to  a  carbonyl  group. 
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Figure  1.  Diagram  of  Apparatus 


Kohler  experienced  difficulties  with  various  substances,  some  of 
which  gave  more  than  the  theoretical  amount  of  methane,  no 
matter  how  carefully  they  were  dried.  Insolubility  of  the  original 
substance  and  of  intermediate  addition  products  also  gave  trouble 
He  states  that  these  rarely  interfered  with  the  determination  of 
active  hydrogen.  Difficulties  were  encountered  in  reactions  in¬ 
volving  oxidation-reduction.  Successive  reactions  revealed  by  a 
slowly  diminishing  evolution  of  gas,  also  gave  trouble. 

Apparatus 

In  view  of  the  fact  that  the  Zerewitinoff  procedure  is  in¬ 
accurate  and  the  Kohler  apparatus  is  too  intricate  and  in¬ 
volved  for  occasional  use,  it  was  thought  desirable  to  develop 
a  simplified  device  which  would  give  quick  and  precise  results. 

The  apparatus  shown  in  Figure  1  offers  a  fast,  accurate 
determination  of  active  hydrogen  by  the  Zerewitinoff  method. 
In  designing  this,  the  authors  desired  to  retain  the  speed  and 
simplicity  of  the  Zerewitinoff  device,  and  to  make  its  accuracy 
comparable  to  that  of  the  usual  carbon,  methoxyl,  and  hydro¬ 
gen  determinations. 

The  apparatus  differs  from  conventional  design  chiefly  in  that 
the  samples  are  weighed  out  in  steel  cups,  which  are  hung  from 
nubs  on  the  capillary  tube  above  the  Grignard  reagent,  they 
are  introduced  into  the  reagent  by  means  of  an  electromagnet, 
which  was  constructed  by  winding  several  hundred  turns  of  JN  o.  2b 
enameled  copper  wire  on  one  end  of  a  laminaded  core  of  trans¬ 
former  iron.  The  core  is  17.5  cm.  (7  inches)  in  length  and  1.25 
cm.  (0.5  inch)  square,  which  makes  it  very  convenient  for  delicate 
manipulation.  It  may  be  connected  in  series  with  a  variable  re¬ 
sistance  to  a  110-volt  alternating  current  line.  Pure  dry  nitro¬ 
gen  is  introduced  through 
the  capillary  directly 
above  the  solution.  Thus 
the  entire  system  can 
be  flushed  free  of  air  and 
moisture  before  the  samples 
are  dropped.  By  heating 
during  flushing,  the 
Grignard  solution  can  be 
made  completely  stable  in 
its  atmosphere  of  nitrogen. 

The  system  is  rigid,  so 
that  no  volume  change 
occurs  with  manipulation. 
The  dibutyl  phthalate 
manometer  makes  pressure 
adjustments  quick  and 
accurate. 

The  results  obtained 
vindicate  the  precautions 
taken  to  ensure  their 
accuracy. 

Procedure 

After  drying  in  an  Ab- 
derhalden  vacuum-drying 
apparatus  at  100°  C.  and 
2-mm.  vacuum,  or  in  case 
of  volatile  compounds  at  a 
suitable  lower  temperature 
and  higher  pressure,  a  sam¬ 
ple  is  weighed  into  a  steel 
cup,  care  being  taken  to 
avoid  getting  moisture  on 
the  cup  and  sample.  Traces 
of  moisture  which  may  be 
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absorbed  in  spite  of  quick  weighing  and  proper  transfer  to  the 
apparatus  are  removed  during  the  flushing  operation  at  70°  C.,  as 
shown  by  experience.  The  cups  are  hung  facing  each  other  on  the 
glass  nubs  located  on  the  capillary  tube. 

The  reaction  vessel  containing  15  to  20  cc.  of  Grignard  solution, 
and  with  the  ground-glass  joint  properly  sealed,  is  quickly  fas¬ 
tened  in  place  with  brass  springs.  Stopcocks  1  and  4  are  closed 
to  the  atmosphere,  2  is  opened  to  the  reaction  vessel,  and  3  is 
opened  to  the  atmosphere  and  the  eudiometer.  Nitrogen  is 
passed  through  a  drying  tube,  bubbled  through  the  same  dry 
ether  which  is  used  as  Grignard  solvent,  and  passed  through  the 
capillary  tube.  After  flushing  for  5  minutes  at  a  rate  of  2  or  3 
bubbles  per  second,  the  reaction  vessel  is  immersed  in  a  water 


TEnPElWllREX 


Figure  2 


bath  at  70°  while  the  flushing  continues  for  15  minutes.  Stop¬ 
cock  4  is  then  opened  to  the  reaction  vessel,  stopcock  3  is  closed 
to  the  atmosphere  but  opened  to  the  eudiometer,  and  the  gas  buret 
is  filled  with  nitrogen.  Stopcock  3  is  again  opened  to  the  atmos¬ 
phere  and  the  buret  is  emptied.  This  is  repeated  two  or  three 
times.  The  last  time  the  eudiometer  is  emptied  to  not  less  than 
20  cc.,  stopcock  4  is  opened  to  the  reaction  vessel,  and  stopcock  3 
is  closed  to  the  atmosphere  at  the  same  time  that  stopcock  2  is 
closed.  The  70°  bath  is  replaced  by  one  at  room  temperature, 
and  the  contraction  due  to  cooling  is  taken  up  by  raising  the  mer¬ 
cury  level  in  the  eudiometer. 

After  half  an  hour,  the  pressure  can  be  adjusted  to  atmospheric 
by  raising  or  lowering  the  leveling  bulb,  so  that  the  mercury  level 
in  it  and  in  the  eudiometer  are  approximately  the  same.  Stop¬ 
cock  1  is  carefully  opened  to  the  manometer  and  the  final  leveling 
adjustment  is  made  by  a  screw  clamp  on  the  mercury  tube  accord¬ 
ing  to  the  common  gas  analysis  technique.  When,  after  5  or  10 
minutes,  there  is  no  further  contraction  or  expansion  of  the  gas 
within  the  system,  the  apparatus  is  ready  to  use. 

Stopcock  1  is  closed,  4  is  opened  to  the  atmosphere,  and  the 
mercury  is  raised  in  the  eudiometer  to  expel  all  the  enclosed  gas. 
The  mercury  is  allowed  to  rise  5  mm.  in  the  cup  at  the  top  to 
form  a  safety  seal.  Stopcock  4  is  opened  to  the  reaction  vessel 
and  the  mercury  level  in  the  eudiometer  is  lowered  to  about  10 
cc.  more  than  the  amount  of  gas  expected  from  the  reaction.  The 
screw  clamp  is  left  open. 

The  bath  is  removed  from  the  reaction  vessel,  and  the  lower 
cup  is  dropped  into  the  Grignard  solution  by  means  of  the  electro¬ 
magnet. 

The  reaction  is  usually  vigorous,  expansion  taking  place  into 
the  eudiometer.  After  the  reaction  has  ceased,  the  mercury  levels 
are  adjusted  to  equality  in  the  eudiometer  and  leveling  bulb, 
stopcock  1  is  again  opened  carefully,  and  adjustments  are  made 
as  described  above. 

Heat  effects  due  to  the  heat  of  reaction,  as  well  as  incomplete 
reaction,  cause  the  rise  or  fall  of  the  manometer  level.  An  equilib¬ 
rium  must  be  reached  before  a  reading  is  taken.  Temperature, 
volume,  and  barometric  pressure  are  noted. 

The  temperature  must  not  vary  more  than  1°  from  beginning 
to  end  of  a  run;  eudiometer  and  bath  must  be  adjusted  to  the 
same_temperature. 


The  second  sample  can  be  introduced  immediately  after  the 
first  has  been  run,  without  further  flushing,  but  merely  by  empty¬ 
ing  the  eudiometer  and  using  the  same  procedure. 

In  the  interests  of  accuracy,  calculations  were  based  strictly 
on  the  density  of  methane  at  the  temperature  at  which  the 
system  was  held  during  the  reaction.  These  calculations  were 
based  on  the  formula 


where  t  =  degrees  centigrade,  a  =  0.003683,  and  v  =  molecu¬ 
lar  volume  at  t.  From  Equation  1,  Equation  2  is  easily 
derived 

a  “  s (1 + ■*>  <2> 

where  do  is  given  as  0.000716. 

Values  for  the  density  of  methane  at  various  temperatures 
were  calculated  in  this  way  and  consolidated  in  Table  I  for 
convenience.  Vapor  pressures  of  n-butyl  ether  were  taken 
from  the  curve  in  Figure  2,  which  was  furnished  by  the  cour¬ 
tesy  of  the  Carbide  and  Carbon  Chemicals  Corporation. 

Experimental 

Grignard  reagent  prepared  with  n-butyl  ether  as  a  solvent 
reacted  more  quickly  than  the  reagent  in  isoamyl  ether. 
Equally  precise  results  were  obtained  with  either  solvent. 
In  many  cases  in  which  n-butyl  ether  was  used,  a  reading 
could  be  taken  within  15  minutes  after  the  sample  had  been 
dropped.  Duplicate  determinations  are  made  without  taking 
the  apparatus  apart.  Stirring  is  accomplished  by  agitating 
the  cup  with  the  electromagnet  instead  of  shaking  the  ma¬ 
chine.  Checks  were  obtained  within  0.1  per  cent  of  the  aver¬ 
age  values  given  in  Table  II. 


Table  I.  Density  of  Methane 

Density  of 

Density  of 

Methane  X 

Methane  X 

Temperature 

10 -> 

Temperature 

10  -« 

°  C, 

°  C. 

20 

0.607 

28 

0.649 

21 

0.665 

29 

0  047 

22 

0 . 062 

30 

0  645 

23 

0  600 

31 

0  643 

24 

0.658 

32 

0  040 

25 

0 . 656 

33 

0  638 

20 

0.654 

34 

0  036 

27 

0.652 

35 

0.634 

Table  II.  Results  of  Hydroxyl  Determinations 

Theoretical  Value 
Value,  Obtained, 


Group 

Number 

Substance 

Per  Cent 

Per  Cent 

1 

Benzoic  acid 

13  9 

14  2 

2“ 

Anisic  acid 

11  6 

11  6 

3° 

a  Naphthol 

11  8 

11  9 

4 

/S-Naphthol 

11  8 

11  9 

5 

Catechol 

30  9 

30  8 

6 

Pyrogallol 

40  5 

40.8 

7 

Methoxy  resorcinol 

13.7 

14.2 

II 

8° 

Ethylacetoacetate 

12  9 

12  9 

9 

Malonic  ester 

7  0 

7.0 

III 

10 

o-Toluic  acid 

12  5 

13.1 

11 

m-Toluic  acid 

12.5 

13.1 

12 

p-Toluic  acid 

12.5 

13.1 

IV 

13® 

Phthalic  acid 

20.5 

•  >  •  • 

14 

Isophthalic  acid 

20  5 

15 

Tercphthalic  acid 

20  5 

.... 

16 

Trimcsic  acid 

24  3 

.... 

17 

Pyromellitic  acid 

20.7 

.... 

18 

Benzene  pentacarboxylic  acid 

28.5 

.... 

V 

19 

Picric  acid 

7.4 

.... 

20 

Tribromophenol 

5.1 

5.4 

VI 

21° 

Besorrinol 

30.9 

15.2 

22 

Hydroquinone 

30  9 

.... 

23 

Toluhydroquinone 

27  4 

.... 

24 

Phloroglucinol 

40  5 

.... 

°  Isoamyl  ether  was  used  as  solvent  for  the  Grignard  reagent.  No  correc¬ 
tion  was  made  for  vapor  pressure  in  these  cases. 
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Pyridine  was  tested  as  a  possible  solvent  for  some  of  the 
substances,  but  it  was  found  to  detract  from  the  precision 
of  the  determination.  No  advantages  were  derived  from 
i"ts  use. 

The  results  of  the  substances  examined  are  contained  in 
Table  II.  Blanks  signify  nil  values.  In  these  cases  amounts 
of  methane  equivalent  to  0.5  per  cent  hydroxyl  or  less  were 
evolved,  probably  owing  to  impurities  or  traces  of  moisture. 

Discussion  and  Summary 

Group  I.  The  results,  which  correspond  closely  to  the 
theoretical  value,  clearly  indicate  the  accuracy  obtainable 
with  this  apparatus. 

Group  II.  Keto-enol  tautomeric  substances  of  the  ali¬ 
phatic  series  gave  hydroxyl  values  which  correspond  exactly 
with  the  calculated  result  if  we  assume  complete  enolization 
under  the  conditions  of  the  determination.  The  reactions 
required  only  2  or  3  minutes  for  completion.  These  results 
are  suprising,  yet  these  data  were  duplicated  time  and  again 
by  the  different  operators. 

Group  III.  The  three  toluic  acids  gave  results  which  were 
several  tenths  of  a  per  cent  too  high,  even  after  careful  drying 
at  79°  C.  and  2-mm.  pressure.  The  values  checked  with  the 
usual  precision  of  ±0.1  pier  cent.  The  chemicals,  which  were 
obtained  from  a  well-known  chemical  supply  house,  may  not 
have  been  of  the  highest  purity.  No  attempt  at  purification 

was  made.  . 

Group  IV.  The  six  benzene  carboxylic  acids  did  not  give 
methane  with  the  methylmagnesium  iodide.  The  only 
readily  apparent  explanation  is  the  observed  fact  that  these 


compounds  are  insoluble  in  the  medium.  This  involves  the 
assumption  that  the  Grignard  reagent  does  not  react  in  these 
heterogeneous  systems. 

Group  V.  Insolubility  may  also  account  for  the  inertness 
of  picric  acid  in  the  Grignard  reagent.  The  fact  that  this 
compound  does  not  react  cannot  be  traced  to  steric  hindrance, 
as  shown  by  the  complete  reaction  of  tribromophenol. 

Group  VI.  The  phenols  listed  in  this  group  were  very 
slightly  soluble  in  n-butyl  ether.  They  are  known  to  be 
capable  of  keto-enol  tautomery.  Their  failure  or  partial 
failure  to  react  may  be  traceable  to  either  fact.  The  most 
interesting  result  is  that  obtained  with  resorcinol,  which  seems 
to  indicate  that  resorcinol  in  n-butyl  ether  acts  as  a  monoketo- 
monoenol. 

Conclusions 

The  apparatus  and  procedure  give  accurate  results  rather 
quickly  and  show  considerable  improvement  over  conventional 
apparatus.  The  authors’  equipment  has  been  used  intermit¬ 
tently  over  several  years  and  has  been  found  convenient  and 
efficient  for  occasional  operation  in  this  and  other  laboratories. 

Each  hydroxyl-containing  substance  that  was  completely 
soluble  in  the  Grignard  reagent  gave  a  methane  evolution 
corresponding  to  some  whole  number  of  hydroxyl  groups  in  its 
structure. 
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Effect  of  Glycerol  on  Distillation 
Method  for  Water 

RALF  B.  TRUSLER 

The  Davies-Young  Soap  Co.,  Dayton,  Ohio 


The  determination  of  water  in  soaps  by 
the  distillation  method  is  affected  by  the 
presence  of  glycerol.  The  error  is  negli¬ 
gible  when  benzene  or  toluene  is  the  dis¬ 
tillation  medium,  but  appreciable  when 
xylene  is  used. 

MOISTURE  determinations  have  been  made  upon  a 
variety  of  substances  by  the  well-known  distillation 
method.  Dean  and  Stark’s  (2)  modification  of  this  method 
was  responsible  for  its  expanded  and  diversified  use,  and 
Church  and  Wilson  ( 1 )  were  first  to  adapt  it  to  soap  analyses. 
In  nearly  every  instance  the  distillation  medium  has  been 
one  possessing  a  lower  specific  gravity  and  generally  a  higher 
boiling  point  than  water.  Because  the  aryl  hydrocarbons 
such  as  benzene,  toluene,  and  xylene  can  be  obtained  reason¬ 
ably  pure,  are  easily  available,  and  entrain  a  relatively  large 
amount  of  water  in  their  vapor  phase,  they  have  been  most 
commonly  used  for  this  distillation.  Since  water  can  be 
removed  from  most  substances  faster  at  more  elevated  tem¬ 
peratures,  xylene  was  accordingly  chosen  for  the  distillation 
medium. 


Hence,  in  procedures  for  the  determination  of  moisture 
in  soaps  by  the  distillation  method,  xylene  is  repeatedly  recom¬ 
mended,  except  in  the  author’s  paper  (S)  in  which  toluene  was 
specifically  mentioned  as  the  distillation  agent. 

The  majority  of  bar,  flaked,  and  powdered  soaps  do  not 
contain  glvcerol,  for  there  is  no  advantage  in  leaving  this 
costly  by-product  in  them.  On  the  contrary,  glycerol  is  left 
in  almost,  all  liquid  potassium  soaps,  especially  shampoo 
soaps  in  which  it  is  an  accredited  ingredient,  and  many 
potassium— vegetable  oil  soaps  and  the  so-called,  cold-made 
soaps  retain  the  glycerol  that  is  liberated  duiing  saponi¬ 
fication. 

Can  the  analyst  treat  both  kinds  of  soaps  in  the  same  man¬ 
ner  for  the  determination  of  water?  He  has  been  advised  not 
to  overheat  his  sample  for  analysis  in  the  drying  oven;  in  feet, 
he  has  been  specifically  instructed  not  to  exceed  105°  C., 
partly  to  avoid  the  loss  or  decomposition  of  any  glycerol 
that  might  be  present.  Apparently  no  attention  has  been 
given  to  the  effect  of  the  distillation  media  upon  glycerol 
when  the  moisture  in  soap  is  determined  by  the  distillation 
method. 

The  object  of  this  research  was  to  determine  what  error 
in  a  soap  analysis  is  caused  by  glycerol  when  various  liquids 
are  used  for  distilling  out  the  moisture. 
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Table  I.  Water  Obtained  by  Distillation 


Water  added,  ml. 

0.00  2.00 

Benzene 

4.00 

6.00 

8.00 

10.00 

Water  recovered,  ml. 

4.04 

4.04 

6.05 

6.06 

8.07 

8.08 

10.09 

10.10 

Average  apparent  gain,  ml. 

Toluene 

0.04 

0.055 

0.075 

0.095 

Water  recovered,  ml. 

4.09 

4.10 

6.10 

6.10 

8.11 

8.12 

10.17 

10.17 

Average  apparent  gain,  ml. 

Xylene 

0.095 

0.10 

0.115 

0.17 

Water  recovered,  ml. 

1.00  2.98 

1.10  2.99 

4.96 

4.94 

6.91 

6.92 

8.91 

8.90 

10.67 

10.60 

Average  apparent  gain,  ml. 

1.05  0 . 985 

0.95 

0.915 

0.905 

0.647 

Anhydrous  Glycerol  for  Tests 

The  first  part  of  this  work  was  limited  to  glycerol-water 
combinations.  Preliminary  tests  upon  glycerol  from  several 
sources  revealed  that  enough  water  could  be  removed  by 
distillation  with  benzene  to  cause  objectionable  error,  and  it 
became  necessary  to  prepare  specially  dehydrated  glycerol 
for  these  experiments. 

The  glycerol  was  dehydrated  by  the  Dean  and  Stark  (2) 
method,  only  on  a  larger  scale.  About  500  grams  of  pure  glyc¬ 
erol  were  placed  in  a  1-liter,  short-necked  flask,  together  with 
150  ml.  of  benzene.  In  addition  to  the  water  receiver  and  con¬ 
denser  customarily  used  in  the  Dean  and  Stark  assembly,  the 
flask  was  provided  with  a  mechanical  stirrer.  This  was  made  by 
inserting  a  glass  stirrer  through  a  closely  fitting  glass  tube  which 
dipped  below  the  surface  of  the  liquids,  thus  providing  an  ade¬ 
quate  seal.  Rapid  stirring  of  the  liquids  kept  them  intimately 
mixed  and  permitted  a  smooth  and  rapid  distillation.  Dehydra¬ 
tion  was  continued  until  a  clean  moisture  trap  showed  no  cloudi¬ 
ness  when  distilled  benzene  was  collected  in  it. 

Experimental  Moisture  Tests 

The  anhydrous  glycerol  thus  prepared  was  stored  in  a  separa¬ 
tory  funnel.  The  surface  of  the  glycerol  was  kept  covered  with  a 
layer  of  benzene,  and  for  further  protection  against  moisture  the 
stem  of  the  funnel  was  inserted  through  a  rubber  stopper  into  a 
test  tube.  Ten-gram  portions  of  this  glycerol  were  carefully 
weighed  into  a  500-ml.  round-bottomed  flask,  and  immediately 
covered  with  benzene,  toluene,  or  xylene  as  the  experiment  re¬ 
quired.  A  measured  amount  of  water  from  a  calibrated  buret  was 
then  added  to  each  weighed  portion  of  glycerol.  The  moisture  re¬ 
ceiver  was  calibrated  in  respect  to  the  measuring  buret.  The 
contents  of  the  flask  wTere  carefully  swirled  for  a  moment  and 
then  distilled  for  recovery  of  water.  The  same  precautions  and 
technique  were  used  as  described  in  the  author’s  previous  paper 
(3). 

The  quantities  of  water  obtained  upon  distilling  measured 
amounts  of  water  from  glycerol  by  means  of  the  three  hydro¬ 
carbons  are  shown  in  Table  I.  Duplicate  tests  were  made  in 
each  case,  and  the  distilling  time  for  each  test  was  4  hours. 

The  data  obtained  for  distillations  with  benzene  compare 
relatively  well  with  those  made  with  toluene.  It  is  probable 
that,  while  the  maximum  indicated  errors  are  only  0.095  and 
0.17  ml.,  the  actual  entrainment  of  glycerol  is  greater,  since 
the  volume  of  two  miscible  liquids  is  less  than  the  sum  of  their 
individual  volumes.  The  additive  error  increases  with  the 
increase  of  water,  when  either  benzene  or  toluene  is  used. 

With  xylene  the  effect  is  different.  The  apparent  error  is 
greater  in  the  absence  of  water,  and  least  when  the  weights  of 
water  and  glycerol  are  equal.  This  is  partly  accounted  for  by 
the  decrease  in  volume  as  the  amount  of  water  increases. 
However,  this  does  not  explain  the  rather  abrupt  drop  from 
0.905  ml.  (for  8  ml.  of  water)  to  0.65  ml.  in  the  final  test  using 
10  ml.  of  water.  It  might  be  assumed  that  the  increase  in 
volume  when  benzene  and  toluene  are  used  is  brought  about 


chiefly  by  water  vapor,  as  the  data  indicate.  In  the  case  of 
xylene,  whose  boiling  point  is  much  higher  than  the  other  two 
liquids,  some  glycerol  is  undoubtedly  brought  over  with  the 
xylene,  as  tests  upon  the  distillate  showed. 

The  tabulated  data  suggest,  in  the  case  of  xylene,  the  pos¬ 
sibility  of  calculating  the  positive  error  in  a  water  determina¬ 
tion.  For  example,  let  us  consider  a  coconut  oil  soap  con¬ 
taining  35.0  per  cent  of  water,  the  balance  being  soap  plus 
glycerol.  The  composition  of  this  soap  would  be,  approxi¬ 
mately,  55.5  per  cent  soap,  9.5  per  cent  glycerol,  and  35.0  per 
cent  water. 

When  distilled  with  xylene  the  glycerol  in  it  could  be  ex¬ 
pected  to  behave  somewhat  like  the  test  containing  10  ml.  of 
water.  If  10  grams  of  glycerol  (in  the  test)  produced  an  error 
of  0.48  ml.  compared  with  a  similar  toluene  distillation,  then 
0.95  gram  of  glycerol  in  a  10-gram  sample  of  soap  would  cause 
a  proportional  error  of  0.046  ml.  of  water,  equal  to  0.46  per 
cent. 

Analytical  Comparisons 

The  indicated  discrepancy  between  water  determinations 
made  with  benzene  and  with  toluene  does  not  exceed  0.1  per 
cent.  Therefore,  since  dehydration  is  much  more  rapid  with 
toluene,  this  liquid  is  preferred,  and  for  this  reason  analytical 
comparisons  were  made  only  between  toluene  and  xylene  as 
distillation  media. 

A  series  of  duplicate  moisture  determinations  was  made 
upon  a  variety  of  soaps.  Ten-gram  samples  of  these  soaps 
were  distilled  in  duplicate,  using  anhydrous  barium  chloride 
(3)  for  an  antifoaming  agent.  The  data  thus  obtained  are 
shown  in  Table  II. 


Table  II.  Moisture  Determinations  on  Soap 

Water  Found  by 


Distillation 

Error  Indicated 

Kind  of  Soap 

Toluene 

Xylene 

by  Xylene 

% 

% 

% 

Liquid  coconut  oil- 

59.1 

59.8 

potash  soap 

59.0 

59.4 

+0 . 55 

Av.  59.05 

59.6 

“65%”  soybean  oil- 

35.4 

36.1 

potash  soap 

36.0 

36.2 

+0.45 

Av.  35.7 

36.15 

Cold-made  coco¬ 

25.2 

26.5 

olive  bar 

25.1 

26.0 

+  1.10 

Av.  25.15 

26.25 

Powdered  laundry 

3.4 

3 . 5 

soap,  all  soda 

3.4 

3.4 

+  0.05 

Av.  3.4 

3.45 

Summary  and  Recommended  Method 

When  xylene  is  used  instead  of  toluene  for  distilling  out 
the  water  content  of  soap  containing  glycerol,  the  additive 
error  in  the  amount  of  water  found  may  exceed  1  per  cent. 
A  larger  error  will  be  observed  in  the  analysis  of  soaps  derived 
from  the  fatty  oils  of  the  coconut  oil  type  than  in  the  analysis 
of  other  soaps  made  from  longer-chain  fatty  acids.  This  is  due 
to  the  larger  yield  of  glycerol  from  the  former  type  of  oils. 
Toluene  and  xylene  give  identical  results  upon  glycerol-free 
soaps.  In  order  to  obtain  universal  accuracy  in  ascertaining 
anhydrous  soap,  the  distillation  test  for  moisture  should  be 
made  with  toluene.  The  commercial  variety  known  as  10° 
toluene  is  recommended . 
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Am  perometric  Titration  of  Fluorine  with 

Thorium  Nitrate 


ALOIS  LANGER,  Westinghouse  Research  Laboratories,  East  Pittsburgh,  Penna. 


THE  volumetric  determinations  of  fluorine  are  based 
almost  exclusively  on  the  formation  of  a  slightly  soluble 
fluoride  or  a  slightly  dissociated  complex  compound.  In  such 
a  titration,  when  all  the  fluorine  has  been  removed  from  the 
solution,  the  end  point  is  indicated  by  the  occurrence  of  free 
ions  of  the  reagent  which  are  then  detected  either  by  a  suitable 
color  indicator  or  electrochemically.  In  the  latter  method, 
not  only  potentiometric  (7)  and  conductometric  (I)  but  also 
the  more  recently  developed  amperometric  (3,  4)  (polaro- 
metric,  2,  5)  titration  should  be  considered. 

Theoretically,  every  reaction  in  which  the  precipitating  or 
complex-forming  agent  is  also  active  polarometrically  can  be 
used.  For  this  reason  reactions  were  compared  to  determine 
their  suitability  for  amperometric  titration  and  those  which 
seemed  the  best  were  then  studied  in  more  detail.  Precipitat¬ 
ing  reactions — CaF 2,  PbCIF,  LaF3,  and  ThF4-and  complex¬ 
forming  reactions — [FeF6]  ,  [A1F6]  ,  and  [ZrF6] 

were  tried. 


Experimental 

The  apparatus  used  was  constructed  like  some  already  de¬ 
scribed  in  the  literature  ( 3 ,  4 ,  6)  and  needs  no  detailed  explana- 


Figure  1.  Titration  of  Fluorine  with  Thorium  Nitrate 
at  Different  Voltages 


0.5595  mg.  of  fluorine  with  approximately  0.01  N  thorium  nitrate  in  50 
ml.  of  0.1  M  KC1  solution.  Temperature  between  22  and  24  C. 
Drop  time,  3.3  seconds 


tion  A  potential  divider  for  polarization,  a  mercury  dropping 
electrode,  and  a  reference  electrode  are  the  essential  parts.  I  he 
current  flowing  through  the  cell  was  determined  by  measuring 
the  potential  drop  across  a  constant  10,000-ohm  resistance  with 
a  potentiometer  {4).  This  method  was  preferred  because  of  the 
short  time  required  for  the  final  reading.  An  external  saturated 
calomel  electrode  was  used  as  the  anode.  1 he  P°^ntial  of  the 
drop  was  measured  against  a  normal  calomel  eiectroile  lnyesti- 
gations  have  shown  that  the  results  are  the  same  when  the  bottom 
mercury  is  used  as  an  anode.  The  advantage  of  using  the  external 
reference  electrode  is  that  it  obviates  the  necessity  of  providing  a 
clean  mercury  pool  at  the  bottom  of  the  titration  cell  after  each 

tltThe°air  was  removed  by  bubbling  purified  tank  nitrogen 
through  the  solution.  When  a  few  vessels  with  the  solution  to  be 
titrated  are  connected  as  air  wash  bottles,  they  can  be  succes¬ 
sively  used  without  waiting  in  a  series  of  titrations  The  end  point 
of  the  titration  was  found  graphically.  In  greatly  diluted  solu¬ 
tions  where  the  influence  of  the  solubility  is  appreciable  and  the 
titration  curves  no  longer  present  a  sharp  break,  the  end  point 
was  determined  by  the  intersection  of  the  prolonged  straight 
parts,  as  is  customary  in  conductometric  titrations. 

1  All  solutions  used  were  prepared  from  Baker  s  c.  p.  chemicals 
and  redistilled  water,  and  were  standardized  by  conventional 
gravimetric  methods.  The  sodium  fluoride  solution  remained 
unchanged  for  several  months  when  kept  in  paraffin-lined  bottles. 
The  burets  (5  ml.  with  0.01-ml.  graduation)  and  pipets  were  re- 


Preliminary  experiments  showed  that  the  formation  of 
calcium  fluoride  is  not  suitable  for  titration  because  the  half¬ 
wave  potential  of  calcium  is  too  high— 2.23  volts.  The  for¬ 
mation  of  lead  chloride  fluoride  in  dilute  solution  was  very 
slow,  so  that  the  titration  curves  had  only  a  very  uncertain 
end  point.  In  the  case  of  the  complex-forming  agents,  iron 
gave  an  irregular  titration  curve.  With  zirconium  mtrate 
solution,  fluorine  can  be  titrated  at  a  potential  above  —1.4 
volts  only  in  concentrated  solutions;  otherwise  the  curves 
show  a  flat  end  point.  The  same  can  be  said  of  aluminum, 
titrated  at  a  potential  between  -1.8  and  -1.9  volts.  The 
curves  can  be  improved  by  the  addition  of  alcohol.  In  con¬ 
trast,  thorium  and  lanthanum  nitrates  showed  good  possi¬ 
bilities. 


Titration  of  Fluorine  with  Thorium  Nitrate 

Thorium  and  lanthanum  ions  are  normally  not  reduced  on 
the  dropping  mercury  electrode,  but  they  have  the  property 
of  carrying  to  the  cathode  nitrate  and  nitrite  ions,  which  a,re 
there  reduced,  giving  a  high  wave  at  a  half-wave  potential 
around  —1.3  volts.  Investigation  has  shown  that  the  wave 
height  is  proportional  to  the  thorium  concentration.  Results 
can,  therefore,  be  expected  in  titration  above  the  indicated 
potential.  Until  the  equivalent  point  is  reached,  the  current 
should  increase  continuously  because  of  the  discharge  of  ni¬ 
trate  ions  transported  to  the  cathode  by  the  free  thorium  ions. 
The  results  obtained  when  the  titration  was  carried  out  at 
different  potentials  are  indicated  in  Figure  1.  At  lower  volt¬ 
ages  from  -1.3  to  -1.5,  the  end  point  is  hard  to  determine. 
At  a  potential  between  —1.6  and  —1.8  volts,  the  results 
obtained  were  almost  the  same  for  the  end  point.  A  potential 
of  — 1.7  volts  was  therefore  chosen  in  the  later  experiments. 

The  indifferent  salt  concentration  does  not  have  a  great 
effect  on  the  result,  as  shown  in  Figure  2.  Potassium  chloride 
concentrations  from  1  M  to  0.01  M  gave  the  same  end  point. 
If  the  concentration  of  the  salt  is  diminished  the  curves  show 
a  gradual  curvature  at  the  end  point  and  below  0.001  M  po- 
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Figure  2.  Titration  of  Fluorine  with  Thorium  Nitrate 
at  Different  Potassium  Chloride  Concentrations 

0.5595  mg.  of  fluorine  with  approximately  0.01  N  thorium  nitrate  in  50 
ml.  of  solution.  Temperature  between  21°  and  23°  C.  Drop  time,  3.2 
seconds.  E.  m.  f.,  —  1.7  volts 


tassium  chloride  a  much  greater  dependence  upon  the  applied 
potential.  Close  adjustment  of  the  conducting  salt  concen¬ 
tration  is  therefore  not  necessary  if  the  concentration  is 
around  0.1  M. 

More  strongly  marked  is  the  influence  of  the  temperature 
of  the  titrated  solution.  Figure  3  shows  titrations  at  0°,  25°, 
and  50°  C.,  other  conditions  being  the  same.  A  higher  tem¬ 
perature  makes  the  curves  more  rounded  at  the  end  point,  so 
that  a  low  temperature  is  better  for  the  titration.  However, 
titrations  can  be  made  at  room  temperature  and  without  a 
thermostat,  if  the  temperature  change  during  the  titration 
does  not  exceed  a  few  degrees. 

The  addition  of  alcohol  has  often  been  recommended  in  the 
titration  with  sodium  alizarin  sulfonate  as  indicator,  especially 
in  greater  dilutions,  because  of  its  favorable  influence  on  the 
solubility  of  the  precipitate.  Therefore,  investigations  have 
also  been  undertaken  in  this  direction.  The  results  are  sur¬ 
prising.  It  was  found,  as  shown  in  Figure  4,  that  the  titration 
curves  show  a  more  sharply  defined  break  in  dilute  solutions. 
The  same  results  for  the  end  point  as  in  water  solution  were 
obtained  only  if  the  concentration  of  the  alcohol  was  less  than 
10  per  cent.  After  this,  the  greater  the  concentration  of  the 
alcoholic  solution  used  the  more  the  end  point  was  shifted  to 
higher  values.  In  an  80  per  cent  alcoholic  solution,  the  results 
were  more  than  35  per  cent  higher.  Because  the  same  results 
were  obtained  when  using  the  purest  alcohol,  this  result  must 
be  related  to  the  reaction  mechanism  itself.  At  one  single 
concentration  of  alcohol,  the  results  were  reproducible  and 
the  proportions  between  different  quantities  of  fluorine  were 
good.  In  using  alcohol  it  is,  therefore,  necessary  to  take  spe¬ 
cial  care  always  to  use  the  same  concentration  and  take  into 
consideration  the  changed  titer  of  the  thorium  nitrate. 


The  precision  of  the  titration,  the  limitation  of  the  con¬ 
centration  of  fluorine  and  thorium  solution,  and  actual 
amounts  of  fluorine  which  could  be  titrated  were  found.  To 
determine  the  precision  of  the  titration,  several  determinations 
were  made  under  the  same  conditions.  These  results  made  it 
possible  to  compute  the  errors,  as  indicated  in  Table  I. 

An  average  deviation  of 

±  ^/--sd2..  =  =*=  0.009  ml. 

\  n(n  — 1) 

gives  a  relative  deviation  of  =*=  0.3  per  cent. 

The  deviation  of  a  single  titration  is 

±  =  ±0.022  ml. 

\  n  —  1 

and  therefore  the  relative  deviation  is  ±  0.8  per  cent. 

The  amount  of  thorium  nitrate  solution  needed  to  reach 
the  end  point  amperometrically  (2.768  ml.)  is  less  than  indi¬ 
cated  by  the  gravimetric  determination  of  fluorine  and  tho¬ 
rium  (2.815  ml.)  Therefore,  the  concentration  of  fluorine 


Figure  3.  Titration  of  Fluorine  with  Thorium  Nitrate 
at  Different  Temperatures 
0.5595  mg.  of  fluorine  with  approximately  0.01  N  thorium  nitrate  in  50 
ml.  of  0.1  M  KC1  solution.  Drop  time,  3.2  seconds.  E.  m.  f.,  — 1.7  volts 

solution  was  taken  as  determined  gravimetrically  and  the 
thorium  solution  was  standardized  by  amperometric  titra¬ 
tion  in  water  solution.  One  milliliter  of  approximately  0.0 1M 

thorium  nitrate  ^ N  =  =  0.20213  mg.  of  fluorine. 

Table  II  indicates  results  obtained  with  varying  quanti¬ 
ties  of  fluorine. 

With  large  quantities  of  fluorine  down  to  0.1  mg.,  titrations 
were  made  in  50  ml.  of  solution.  Fluorine  in  concentrations 
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Figure  4.  Titration  of  Fluorine  with  Thorium 
Nitrate  at  Different  Alcohol  Concentrations 

0  5595  mg.  of  fluorine  with  approximately  0.01  N  thorium  nitrate  in 
50  mlT  of  0. 1° M  KC1  solution.  Temperatures  between  22  and  24  C. 
Drop  time,  3.1  seconds.  E.  m.  —  volts 


Table  I.  Titration  of  Fluorine 

(50  ml.  of  0.1  M  KC1.  Fluorine  added  0.5595  mg.  TemPerMure  22°  to 
v  24°  C.  Drop  time,  3.2  seoonds.  E.  m.  f.,  1.7  volts; 


0.01  N  Thorium 
Nitrate  Solution 


Deviation, 
d 


1 

2 

3 

4 

5 

6 

Arithmetical  mean 


2.752 

2.792 

2.760 

2.744 

2.800 

2.762 

2.768 


-0.016 

+0.024 

-0.008 

-0.024 

+0.032 

-0.006 


Table  II.  Titration  of  Fluorine 


(50  ml.  of  0.1  M  KC1. 


Temperature,  22°  to  25° 
Drop  time,  3.2  seoonds) 


Fluorine 

Added 


0.1  N  Thorium  Fluorine 

Nitrate  Solution  Found 


Mg.  Ml.  Mg. 


9.325 

5.595 

3.730 


4.585 
2.760 
1.860 
0.01  N 


9.268 

5.579 

3.760 


0.5595 

0.3730 

0.1865 


2.775 

1.790 

0.925 


0.5609 
0.3618 
0. 1870 


C. 


E.  m.  f.,  —1.7  volts. 


Deviation 
Mg.  % 

0.057  -0.6 

0.016  -0.3 

0.030  +0.8 


0.0014  +0.25 
0.0112  -2.9 
0.0005  +0.3 


from  0.01  N  to  0.001  N  was  titrated  with  0.1  N  thorium  ni¬ 
trate;  in  concentrations  from  0.001  to  10  4  N,  with  0.01  N 
thorium  nitrate.  Because  with  0.001  N  thorium  solution  the 
end  point  in  50  ml.  solution  was  too  flat,  titrations  in  5  ml.  of 
solution  were  done.  Some  results  are  shown  in  Table  III. 

Interference  by  Other  Ions 

The  effect  of  some  impurities  on  the  course  of  the  titration  is 
stated  in  Table  V.  The  same  result  is  obtained  with  0.1  M 
potassium  nitrate  solution  as  the  indifferent  conducting  salt 
(Table  IV). 


Table  III.  Titration  of  Fluorine 


(5  ml.  of  0.1 

M  KC1.  E.m.f.,  -1.70  volts.  Temperature,  22° 
Drop  time,  3.4  seconds) 

to  25°  C. 

0.001  N  Thorium 

F  Found 

A 

F  Added 

Nitrate  Solution 

d 

U 

% 

M- 

37.30 

18.65 

9.32 

3.73 

Ml. 

ML 

1.900 

0.965 

0.445 

0.176 

38.40 

19.51 

8.99 

3.56 

+  1.10 
+  0.86 
-0.33 
-0.17 

+3.1 

+4.6 

-3.5 

-4.6 

Using  0.1  M  potassium  sulfate,  the  titration  points  are 
scattered  from  a  smooth  line,  so  that  no  accurate  results  could 
be  obtained.  This  is  due  to  the  fact  that  sulfate  ions  inter¬ 
fere  with  the  nitrate  reaction.  The  determination  in  0.1  A 
sodium  acetate  had  an  irregular  course,  and  it  was  worse  in 
the  presence  of  free  acetic  acid.  In  neither  case  could  the  end 
point  be  determined  accurately.  It  was  observed  that  the 
solution  must  be  neutral.  A  solution  containing  0.001  A  po¬ 
tassium  hydroxide  precipitates  the  thorium  as  hydroxide, 
the  presence  of  0.001  N  hydrochloric  acid  also  affects  the  ti¬ 
tration.  [Acid  or  alkaline  solutions  were  neutralized  to  a 
pH  between  7  and  9,  measured  with  a  calibrated  glass  elec¬ 


trode.]  .  .  .  . 

Table  V  shows  the  effect  of  various  impurities. 

Bromine  and  iodine  can  be  present  in  concentrations  many 
times  greater  than  fluorine  without  any  marked  influence  on 
the  end  point.  Sulfate  does  not  interfere  greatly  when  present 
in  small  amounts.  Even  large  amounts  of  perchlorates  are 

without  effect.  .  .  „  ..  1C ,  ,, 

In  the  presence  of  larger  quantities  of  sodium  sulfide  the 

titration  gave  no  indication  of  an  end  point,  because  thorium 
was  precipitated.  The  same  is  true  when  phosphates  and  ar¬ 
senates  are  present;  they  interfere  even  in  very  small  quan¬ 
tities  The  end  point  was  moved  to  higher  values  in  propor¬ 
tion  to  the  amounts  of  phosphates  present.  Investigations  to 
precipitate  the  phosphate  ions  as  a  silver  salt  and  to  determine 
fluorine  later  in  the  same  solution  gave  no  results.  It  is  there¬ 
fore  necessary  in  the  presence  of  phosphates  to  make  a  sepa¬ 
ration  by  one  of  the  standard  methods  described  in  the  litera¬ 
ture.  .  , 

It  was  found  that  the  results  were  the  same  using  potassium 

chloride  or  sodium  chloride  as  a  conducting  salt.  Using 
ammonium  chloride,  the  titration  points  were  more  scattered, 
so  that  lines  could  be  drawn  only  approximately.  Magnesium 
in  small  amounts  also  interferes,  giving  too  low  results.  Cal¬ 
cium  ions  do  not  interfere  if  present  in  small  quantities,  and 
the  titration  can  be  carried  out  in  the  presence  of  fairly  large 


-r,  rvf  Kn rniTYI 


(50  ml.  0.1 


Table  IV.  Titration  of  Fluorine 

Jlf  KNO3  Temperature,  25°  C.  Drop  time,  3.2  seconds. 
E.  m.  £.,  —1.7  volts) 


F  Added 
Mg. 

0.7460 

0.5595 

0.3730 


0.01  N  Thorium 
Nitrate  Solution 

Ml. 

3.673 

2.760 

1.855 


F  Found 
Mg. 

0.7425  -0 

0.5579  -0 

0.3750  +0 


d 

d 

Mg. 

% 

.0035 

-0.5 

.0016 

-0.3 

.0020 

0.5 

Table  V.  Effect  of  Impurities 


(50  ml.  of  0.1  M  KC1. 
3.2  to  3.4  seoonds. 


Impurity  Molarity 


Temperature,  between  21  and  24 
Applied  potential,  —1.7  volts. 
0.5595  mg.) 


°  C.  Drop  time, 
Fluorine  present. 


0.01  N  Thorium  Fluorine 
Nitrate  Solution  Found 

Ml.  Mg. 


Deviation 
Mg.  % 


K2SO< 

KBr 

KI 

Ca(NCh)2 

Ba(NOs)2 

Sr(NC>3)2 

NaClO. 


0.001 
0. 1 
0.1 
0.001 
0.01 
0.01 
0.01 


2.785 

2.830 

2.835 

2.820 

2.765 

2.815 

2.805 


0.5630 
0.5721 
0.5731 
0.5700 
0.5589 
0 . 5690 
0.5670 


+  0.0035  +0.6 

+0.0126  +2.2 
+  0.0135  +2.4 

+  0.0105  +1.9 

-0.0006  -0.1 
+  0.0095  +1.7 
+0.0075  +1.3 
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The  behavior  of  lanthanum  was  very  similar  to  that  of 
thorium.  The  polarograms  in  potassium  chloride  showed  that 
to  obtain  a  normal  wave  a  maximum  suppressor  in  the  form 
of  a  few  drops  of  a  10  per  cent  gelatin  solution  has  to  be  added. 
There  were  good  results  if  titrated  at  an  applied  potential 
between  —1.6  and  —1.8  volts.  The  effect  of  the  addition  of 
alcohol  was  the  same  as  with  thorium.  The  curves  were 
straighter  but  the  end  point  was  shifted  to  higher  values. 
Potassium  nitrate  could  be  used  as  a  conducting  salt  with  the 
same  results.  Ammonium  chloride  and  potassium  sulfate 
had  only  a  mild  influence  on  the  shape  of  the  curve.  Phos¬ 
phate,  arsenate,  and  sulfide  ions  disturb  the  titration.  The 
accuracy  and  concentration  limitation  are  similar  to  thorium 
nitrate.  The  only  difference  from  thorium  seems  to  be  that 
the  titration  can  be  made  in  sodium  acetate  solution. 

Summary 

Investigations  were  undertaken  to  titrate  small  quantities 
of  fluorine  in  dilute  solution,  using  the  dropping  mercury  elec¬ 
trode  for  the  end-point  determination. 

Preliminary  investigations  were  made  with  regard  to  pre¬ 


cipitation  of  TI1F4,  LaF3,  PbCIF,  and  CaF2,  and  formation  of 

the  complex  ions  [ZrF6] — ,  [FeF6] - ,  and  [A1F6] - . 

Only  titrations  with  thorium  and  lanthanum  gave  satis¬ 
factory  results. 

Using  0.01  N  thorium  nitrate,  up  to  0.2  mg.  of  fluorine  can 
be  titrated  with  a  precision  of  1.0  per  cent  in  50  ml.  of  0.1  M 
potassium  chloride  or  potassium  nitrate  solution  as  conduct¬ 
ing  salt.  In  smaller  volume,  quantities  as  small  as  0.005  mg. 
of  fluorine  can  be  titrated  with  0.001  N  thorium  nitrate  solu¬ 
tion. 

Similar  results  are  obtainable  with  lanthanum  nitrate. 
The  interfering  effect  of  temperature,  alcohol,  and  some  im¬ 
purities  was  studied. 
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Detection  and  Elimination  of  Phosphate 
in  Qualitative  Analysis 

By  Means  of  Zirconium  Salts 

FRANK  K.  PITTMAN,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


IN  THE  Noyes  system  of  qualitative  analysis,  and  in  other 
similar  systems  which  are  widely  used  as  a  basis  for 
teaching  the  subject,  it  is  necessary  to  remove  the  phosphate 
ion  before  the  alkaline  earth  group  can  be  completely  sepa¬ 
rated  from  the  iron-aluminum  group.  At  present,  the  meth¬ 
ods  most  widely  used  for  the  removal  of  phosphate  are  the 
metallic  tin  method  (5),  the  stannic  chloride  method  (S), 
the  basic  acetate  method  ( 5 ),  the  sodium  carbonate  method 
(5),  and  the  zirconyl  chloride  method  ( 1 ,  2).  All  these  meth¬ 
ods  have  certain  disadvantages,  such  as  incompleteness  of 
removal,  loss  of  other  ions,  difficulty  of  technique,  etc.,  which 
make  them  more  or  less  unsatisfactory.  Since  the  zirconyl 
chloride  method  as  worked  out  by  Curtman  is  the  most  satis¬ 
factory  of  all,  it  was  felt  that  a  detailed  study  of  the  factors 
involved  might  eliminate  some  of  the  difficulties  and  make  it 
more  generally  useful. 

Curtman  Procedure.  To  the  filtrate  from  the  copper  and  tin 
groups  add  2  grams  of  ammonium  chloride  and  10  ml.  of  zirconyl 
chloride  solution  (50  mg.  of  Zr++++  per  ml.)  drop  by  drop, 
stirring  vigorously.  Add  0.2  gram  of  asbestos  or  one  Fisher 
filtration  accelerator.  Render  alkaline  with  ammonium  hy¬ 
droxide  and  boil  for  2  minutes.  Neutralize  with  dilute  hydro¬ 
chloric  acid,  add  10  ml.  of  3  N  hydrochloric  acid  in  excess,  and 
boil  for  3  minutes.  Filter  hot  on  a  fluted  filter. 

In  following  these  directions,  one  encounters  much  diffi¬ 
culty  in  filtering  which  even  the  filter  aid  and  ammonium 
chloride  fail  to  overcome.  For  this  reason,  washing  the  pre¬ 
cipitate  is  almost  impossible.  A  second  and  far  more  serious 
disadvantage  lies  in  the  fact  that  there  is  a  large  loss  of  other 
ions.  Furthermore,  the  use  of  large  amounts  of  zirconyl 
chloride  is  disadvantageous  because  of  the  cost  and  because 
of  its  interference  in  later  tests.  It  is  claimed  by  Curtman 
(2)  that  boiling  with  ammonium  hydroxide  removes  most  of 
the  excess  zirconium  by  formation  of  a  hydroxide  which  does 
not  redissolve  when  treated  with  hydrochloric  acid  in  the  next 


step.  The  experience  of  this  writer  has  been  that  the  hy¬ 
droxide  will  be  completely  redissolved  under  the  conditions 
of  the  experiment. 

Experiment  al 

In  an  attempt  to  find  out  to  what  extent  these  difficulties 
could  be  overcome,  all  the  factors  which  influenced  the 
precipitation  were  studied,  and  based  on  the  data  thus  ob¬ 
tained  a  somewhat  different  procedure  has  been  suggested. 

Concentration  of  Zirconyl  Chloride  Solution.  Tests 
were  made  using  zirconyl  chloride  solutions  varying  in  concentra¬ 
tion  from  0.2  M  (as  zirconyl  chloride  octahydrate)  to  0.005  M. 
The  phosphate  solutions  contained  from  1  to  200  mg.  of  phos¬ 
phate  in  a  volume  of  either  20  to  25  cc.  or  100  to  110  cc.  The 
zirconyl  chloride  solutions  were  added  to  the  cold  phosphate 
solutions  slowly  and  with  stirring.  In  all  cases,  the  amount  of 
zirconyl  chloride  added  was  somewhat  in  excess  of  that  neces¬ 
sary  to  precipitate  all  the  phosphate  present,  assuming  the  formula 
of  the  precipitate  to  be  Zr0(H2P04)2  (4)- 

The  results  of  a  large  number  of  these  experiments  show 
that  the  most  complete  precipitation  in  the  most  filterable 
form  takes  place  when  the  phosphate  is  contained  in  a  volume 
of  about  100  cc.,  and  the  zirconyl  chloride  solution  is  0.005  M. 
Under  these  conditions,  less  than  1  mg.  of  phosphate  would 
remain  in  solution,  and  a  noticeable  precipitate  would  form 
with  as  little  as  4  mg.  If  the  solution  contains  7  mg.  of 
phosphate  or  more,  0.015  M  zirconyl  chloride  solution  may  be 
successfully  used,  and  the  volume  of  solution  required  is  much 
more  convenient. 

Speed  of  Addition  and  Agitation.  In  a  series  of  experi¬ 
ments  using  0.05  M  zirconyl  chloride  solution,  it  was  shown 
that,  in  nearly  all  cases,  rapid  addition  of  the  reagent  caused 
a  very  incomplete  removal,  and  the  precipitate  thus  formed 
was  usually  colloidal.  In  some  cases,  as  much  as  30  mg.  of 
phosphate  in  100  cc.  of  solution  would  yield  no  precipitate 
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nrhen  the  zirconyl  chloride  was  added  rapidly.  Slow,  drop- 
wise  addition  with  vigorous  stirring  always  gave  a  readily 
filterable  precipitate.  Using  a  more  dilute  solution  of  zirconyl 
chloride,  the  speed  of  addition  had  less  effect,  but  still  in¬ 
fluenced  the  amount  of  phosphate  remaimng  m  solution,  it 
the  solution  was  not  agitated  during  precipitation,  the 
tendency  was  toward  formation  of  a  colloid. 

Effect  of  Temperature.  Where  precipitation  was 
made  from  a  hot  solution,  the  tendency  was  very  markedly 
toward  the  formation  of  a  colloidal  suspension.  If  the 
precipitation  was  made  in  the  cold  and  the  mixture  was  then 
heated  to  boiling,  the  tendency  was  even  more  strongly 
toward  unfilterable  colloids.  In  all  cases  when  the  precipita¬ 
tion  was  carried  out  in  the  cold,  the  precipitate  settled  v erj 
quickly  and  filtered  easily.  However,  the  completeness  o 
precipitation  was  much  better  in  the  cases  where  the  solu¬ 
tions  had  been  heated,  either  before  or  after  precipitation. 

Procedure 

On  the  basis  of  these  results  the  following  procedure  has 
been  devised  for  the  removal  of  phosphate.  It  completely 
overcomes  all  filtration  difficulties  as  well  as  difficulties  due 
to  large  excesses  of  the  zirconyl  chloride  reagent. 

The  filtrate  from  the  acid  hydrogen  sulfide  precipitation 
(copper-tin  group)  is  boiled  until  all  hydrogen  sulfide  has  bee 
expelled  and  the  volume  of  the  resulting  solution  is  adjusted 
toPapproximately  100  cc.  The  solution  is  then  cooled  to  room 
temperature,  neutralized  with  ammonium  hydroxide,  and  made 
arid  with  5  cc.  of  6  N  nitric  acid.  To  this  acid  solution  35  cc  of 
0  015  M  zirconvl  chloride  solution  (for  every  40  mg.  of  phos¬ 
phate)  are  added  a  few  drops  at  a  time  with  vigorous  stimng 
during  the  entire  addition.  The  stirring  is  continued  for  a  few 
seconds,  and  then  the  precipitate  is  allowed  to  settle  for  1  minute^ 
The  mixture  is  filtered  on  a  very  porous  filter  paper,  such  as 
Delta  366,  without  suction.  As  much  of  the  supernatant  liquid 
as  possible  is  poured  through  the  paper  before  the  mam  body  ® 
theP  precipitate  is  added.  The  precipitate  £  washed severe^ 
times  with  small  amounts  of  cold  water,  or  even  better  with  a 
5  per  cent  solution  of  ammonium  nitrate,  and  the  v  ashmgs  a  e 
collected  in  the  same  beaker  with  the  main  portion  of  the  filtrate 
The  precipitate  is  rejected.  The  solution  now  contains  less  than 
1  mgPof  phosphate,  and  in  most  cases  the  small  amount  remammg 
can  be  disregarded.  However,  if  it  is  desired  to  remove  the  last 
traces  10  cc  of  0  05  M  zirconyl  chloride  solution  are  added  to  the 
filtrate  and  the  mixture  is  heated  to  just  below  boiling  and  held 
at  that’ temperature  for  about  2  minutes.  The  solution  is  allov  ed 

to  stand  for  5  minutes  and  filtered.  , 

1  The  boiling  in  the  last  part  of  the  procedure  does  not  cause 

the  formation  of  a  colloidal  precipitate  because  the  amount  o 
phosphate  present  is  small,  but  it  does  hasten  the  formation  ot 

the  zirconyl  hydrogen  phosphate. 

The  filtrate  from  this  precipitation  is  treated  b>  the  same  p  o 
cedure  that  would  have  been  followed  had  pfi0SPbate  been 
sent.  The  small  excess  zirconium  which  is  present  will  follow  the 
iron,  and  will  cause  no  trouble  in  the  test  for  that  element  bt 
usual  ferrocvanide  or  thiocyanate  methods. 

Discussion 

Since  one  of  the  main  disadvantages  of  the  other  methods 
for  phosphate  removal  was  the  large  loss  of  certain  metal 
ions,  tests  were  made  to  find  out  if  there  is  a  significant  loss 
in  this  procedure. 

For  these  tests,  a  standard  solution  of  each  of the  common 
cations  of  the  iron-aluminum  group  was  made  up.  One  m 
gram  of  each  ion  was  mixed  separately  with  about  2°0  mg  ot 
phosphate  ion,  and  the  phosphate  was  removed  as  outlm 

above.  The  filtrate  was  then  tested  for  the  ion  that  v  as  present 
before  the  precipitation  of  the  phosphate.  If  no  test  was  ob¬ 
tained  with  1  mg.,  2  mg.  were  used,  and  so  on,  until  a  positive 
test  for  the  metallic  ion  was  obtained  in  the  filtrate. 

In  the  case  of  iron,  chromium,  manganese,  cobalt,  and 
nickel,  1  mg.  in  the  initial  solution  could  easily  be  detected 
in  the  filtrate  after  the  phosphate  had  been  removed.  In  the 
case  of  aluminum  and  zinc,  2  and  5  mg.,  respectively,  were 
required .  The  precipitation  in  the  above  cases  was  made  from 


only  20  cc.  of  solution,  so  that  occlusion  and  inclusion  would 
be  a  maximum,  and  no  particular  care  was  taken  m  washing 
the  precipitate.  In  precipitating  from  a  more  dilute  solution 
and  washing  the  precipitate  more  thoroughly,  the  loss  m  the 
cases  of  zinc  and  aluminum  is  correspondingly  less>  as  1S 
shown  by  the  result  of  a  quantitative  determination  of  the  loss 
of  aluminum.  In  this  test,  25.2  mg.  of  aluminum  were  re¬ 
covered  from  a  solution  containing  25.5  mg.  before  removal 

of  20  mg.  of  phosphate.  ,  _  . 

In  a  similar  manner,  alkaline  earth  metals  were  shown  to 

undergo  no  serious  loss.  .  , 

In  order  to  ascertain  its  effect  on  amons  other  than  phos¬ 
phate,  a  solution  of  zirconyl  chloride  was  added  to  an  acid 
solution  of  each  of  the  common  anions.  With  the  exception 
of  arsenate,  oxalate,  and  ferrocyanide,  no  precipitate  or  color 
change  was  noted.  Arsenate  gave  a  white  precipitate,  and 
ferrocyanide  a  yellow  precipitate.  Oxalate  gave  no  perma¬ 
nent  precipitate  in  acid  solution,  but,  if  the  acid  concentration 
were  low,  a  white  precipitate  would  form  and  then  disappear. 

Detection  of  Phosphate.  The  presence  of  amons,  other 
than  arsenate,  oxalate,  and  ferrocyanide,  does  not  affect  the 
removal  of  phosphate  by  this  method,  as  is  shown  by  the 
fact  that  phosphate  could  be  completely  precipitated  from 
solutions  containing  all  the  anions,  singly  and  collectively. 

This  fact,  coupled  with  the  fact  that  as  little  as  4  mg.  o 
phosphate  in  100  cc.  of  solution  give  a  detectable  precipitate, 
indicates  that  zirconyl  chloride  can  be  used  for  the  detection, 
as  well  as  the  removal,  of  phosphate  as  encountered  m  ordinary 
analytical  work,  provided  oxalate,  arsenate,  and  ferrocyanide 
are  known  to  be  absent,  as  they  would  be  in  the  filtrate  from 

the  copper-tin  group.  .  x  ^ 

In  order  to  make  the  test  for  phosphate,  a  small  portion 
of  the  filtrate  from  the  copper-tin  group  is  treated  in  the  man¬ 
ner  directed  for  the  removal  of  the  phosphate,  except  that  the 
zirconyl  chloride  solution  should  be  0.005  M  rather  than 
0  015  M  If  very  small  amounts  of  phosphate  are  to  e 
tested  for,  the  main  portion  of  the  solution  should  be  evapo¬ 
rated  to  15  to  20  cc.  before  the  test  portion  is  taken.  In  this 
way,  less  than  1  mg.  of  phosphate  can  readily  be  detected. 

Summary 

A  revised  method  for  the  detection  and  elimination  of 
phosphate,  based  on  Curtman’s  zirconyl  chloride  method, 
depends  upon  the  fact  that  zircomum  (with  hafnium)  forms 
a  phosphate  which  is  insoluble  in  strongly  acid  solution,  and 
hence  phosphate  can  be  removed  effectively  from  acid  solu¬ 
tion  by  the  addition  of  soluble  zircomum  salts.  Semiquantita- 
tive  data  are  given  to  show  that  the  method  of  detection  is 
sensitive,  and  the  method  of  elimination  is  completely  reli¬ 
able  from  a  qualitative  standpoint.  Experiments  are  cited 
which  show  that  nearly  all  the  disadvantages  of  the  present 
methods  have  been  overcome. 
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Preparation  of  Nessler’s  Reagent 

A.  P.  VANSELOW,  University  of  California  Citrus  Experiment  Station,  Riverside,  Calif. 


DISCONCERTING  experiences  with  Nessler’s  reagent 
prepared  according  to  formulas  found  in  textbooks  and 
the  literature  include  slowness  in  the  development  of  color, 
formation  of  a  red  precipitate,  and  the  development  of  off 
colors,  especially  with  low  concentration  of  ammonia.  The 
studies  herein  presented  were  undertaken  to  find  the  reasons 
for  these  disturbing  factors  and  to  formulate  a  Nessler’s 
reagent  satisfactory  in  every  respect. 

A  consideration  of  the  phase-rule  diagram  (Figure  1)  of 
Dunningham  ( 1 )  for  the  three-component  system  potassium 
iodide-mercuric  iodide-water  sheds  light  on  the  formation  of 
the  red  precipitate  which  forms  when  some  Nessler’s  re¬ 
agents  are  diluted. 

Point  B  on  the  diagram  has  approximately  the  composition: 
KI  =  38  per  cent,  Hgl2  =  53  per  cent,  and  H20  =  9  per  cent; 
this  corresponds  rather  closely  to  the  hypothetical  substance 
K2HgI4.  The  two  areas  ABODE  and  DEG  are  the  only  ones  of 
great  interest  to  us;  the  former  is  the  only  area  of  solutions  with 
no  solid  phases  present,  and  the  latter  represents  solutions  with 
solid  mercuric  iodide  present.  Dotted  line  XE  represents  the  proc¬ 
ess  of  dilution  of  a  solution  having  the  composition  represented  by 
point  X.  Thus  a  concentrated  solution  of  potassium  mercuric 
iodide  represented  by  point  X  will,  when  diluted  to  the  concen¬ 
tration  ordinarily  used  in  making  the  Nessler  test,  precipitate 
red  mercuric  iodide  when  the  boundary  of  area  EDG  is  reached. 
One  cannot  easily  ascertain  from  Dunningham’s  diagram  how 
much  potassium  iodide  must  be  present  to  avoid  entering  this 
area  of  mercuric  iodide  precipitation  on  dilution.  However, 
this  can  be  determined  approximately  by  simple  dilution  experi¬ 
ments. 

A  stock  0.4  N  solution  of  potassium  mercuric  iodide  was  pre¬ 
pared;  5-ml.  portions  were  diluted  to  100  ml.  with  increasing 
percentages  of  excess  potassium  iodide  present,  and  the  time  in 
minutes  for  the  formation  of  the  red  precipitate  of  mercuric 
iodide  was  noted.  These  results  are  given  in  Table  I. 

The  addition  of  a  fourth  component,  potassium  hydroxide, 
to  the  three-component  diagram  of  Dunningham  is  of  little 
interest  to  us  except  as  it  influences  the  position  of  line  DE. 
This,  too,  can  be  determined  approximately  by  simple  dilution 
experiments  on  the  potassium  mercuric  iodide  solution  with 
varying  amounts  of  potassium  hydroxide  added.  Varying 
amounts  of  both  potassium  iodide  and  potassium  hydroxide 
were  used  in  these  dilution  tests  in  which  the  final  concentra¬ 
tion  of  the  mercuric  ion  was  0.01  N  in  every  case.  The 
time  elapsing  between  the  dilution  of  the  potassium  mercuric 
iodide  solution  from  0.4  to  0.01  N  and  the  first  appearance  of 


Table  I.  Precipitation  of  Mercuric  Iodide  from  Diluted 
Potassium  Mercuric  Iodide  Solutions 

(Influence  of  excess  potassium  iodide  on  time) 

KI,  per  cent  0  1  5  10  15  20  30 

Time,  minutes  5  7  10  40  60  300  No  ppt. 


Table  II.  Precipitation  of  Mercuric  Iodide  from  Diluted 
Potassium  Mercuric  Iodide  Solutions 

(Influence  of  potassium  hydroxide  and  excess  potassium  iodide) 

/ - Moles  of  KOH  to  Each  Equivalent  of  Hg  +  + - — > 


Excess  KI, 

% 

0 

3  5  7 

Precipitation  Time,  Hours 

10 

15 

0 

0.1 

0.2 

0.3 

0.7 

2.0° 

3 

5 

0.2 

0.5 

0.7 

1.1 

3.0 

10 

10 

0.7 

0.9 

1.2 

2.0 

5.0 

15 

1.0 

2.2 

3.0 

20 

30 

5.0 

10.0 

•• 

•• 

°  Where  precipitate  required  2  hours  or  more  to  form,  actual  amount  of 
precipitate  was  so  small  as  to  be  negligible. 


the  red  precipitate  was  noted.  These  results  are  given  in 
Table  II. 

Having  thus  determined  that  increasing  concentrations  of 
potassium  hydroxide  decrease  the  magnitude  of  the  excess  of 
potassium  iodide  required  to  prevent  the  precipitation  of 
mercuric  iodide,  it  remains  to  see  what  effect  the  potassium 
hydroxide  and  the  excess  potassium  iodide  have  on  the 
color  formation  with  ammonia.  Reasoning  from  the  equa¬ 
tion  usually  assigned  to  the  Nessler  reaction  (4) 

NH3  +  2K2HgL,  +  3KOH  =  7KI  +  2H20  +  HgOH.NH.Hgl 

it  follows  that  increasing  the  concentration  of  potassium'  hy¬ 
droxide  should  increase  the  rate  of  color  formation,  and 
conversely  increasing  amounts  of  excess  potassium  iodide 
should  slow  down  the  color  formation.  The  influence  of 
potassium  iodide  and  potassium  hydroxide  concentrations 
on  the  rate  of  color  formation  with  ammonia  was  extensively 
investigated. 


F  —  KI 


Figure  1.  Dunningham’s  Diagram  for  the  Three- 
Component  System:  KI-HgI2-H20 


Small  amounts  of  Nessler’s  reagents  were  prepared  in  which 
the  excess  of  potassium  iodide  ranged  from  0  to  20  per  cent  for 
each  of  five  different  concentrations  of  potassium  hydroxide — 
namely,  3,  5,  7,  10,  and  15  moles  of  potassium  hydroxide  for  each 
equivalent  of  potassium  mercuric  iodide.  These  reagents  were 
allowed  to  stand  several  days  before  being  used,  as  it  has  been 
found  that  when  the  Nessler  reagent  is  prepared  a  colloidal 
precipitate  forms  which  imparts  a  strong  greenish  fluorescence 
to  the  test  solutions  but  which  settles  out  in  the  course  of  a  few 
days.  Each  of  these  25  Nessler’s  reagents  was  used  with  several 
concentrations  of  ammonium  chloride  and  the  depth  of  color 
measured  4,  32,  and  64  minutes  after  mixing. 

Transparency  measurements  were  made  on  the  Nesslerized 
solutions  in  Pyrex  glass  absorption  cells  10.0  cm.  long  and  2.5 
cm.  in  diameter,  a  Weston  photronic  cell  and  a  Queen-Gray 
potentiometer  being  used.  The  light  source  was  a  6-candlepower 
lamp  lighted  by  a  6-volt  storage  battery.  A  deep  green-blue 
filter  (sky-blue,  double-thickness  glass  filter  from  the  L.  J. 
Houze  Convex  Glass  Co.,  Point  Marion,  Penna.)  was  used  to  in¬ 
crease  the  sensitiveness  four  times  over  that  of  the  unfiltered 
beam.  Water,  in  an  exactly  similar  absorption  cell,  was  used  as 
a  comparison  for  all  the  transparency  measurements  on  the 
solutions.  The  data  for  these  measurements  on  the  tests  with 
the  ammonium  chloride  concentration  at  0.05  mg.  equivalents 
per  liter  are  given  in  Table  III;  here  water  equals  unity. 
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Table  III.  Transparencies  of  Nesslerized  Ammonium 
Chloride  Solution 


(0  05  milligram  equivalents  per  liter) 

, - Mole  of  KOH  per  Equivalent  of  Hg 

KI  Time  3  5  7  10 

%  Min. 


0 

4 

32 

64 

0.659“ 

0.642 

0.630 

0.652“ 

0.640 

0.631 

0.649“ 

0.636 

0.629 

0.645“ 

0.635 

0.628 

5 

4 

32 

64 

0.743“ 

0.647 

0.632 

0.657“ 

0.643 

0.637 

0.655“ 

0.640 

0.631 

0.649 

0.638 

0.627 

10 

4 

32 

64 

0.930“ 

0.711 

0.673 

0.661 

0.645 

0.635 

0.659 

0.638 

0.627 

0.653 

0.639 

0.633 

15 

4 

32 

64 

0.975 

0.850 

0.719 

0.852 

0.679 

0.659 

0.775 

0.641 

0.632 

0.672 

0.637 

0.629 

20 

4 

32 

64 

0.978 

0.970 

0.964 

0.913 

0.684 

0.657 

0.843 

0.643 

0.634 

0.752 

0.641 

0.628 

+  + _ 

15 


0.647 

0.636 

0.631 

0.653 

0.640 

0.633 

0.651 

0.637 

0.629 

0.649 

0.639 

0.624 

0.647 

0.635 

0.632 


°  \t  these  concentrations  of  KI  and  KOH  a  red  precipitate  of  HgH  forms 
in  1  hour  or  less;  hence  these  are  not  suitable  concentrations  to  use  for 
Nessler’s  reagent. 


These  data  show  very  strikingly  the  slowing  up  of  the 
color  formation  by  increasing  amounts  of  excess  potassium 
iodide-  and  they  show  how  increasing  concentrations  ot 
potassium  hydroxide  overcome  the  effect  of  the  potassium 
iodide  and  speed  up  the  color  formation.  These  effects  are 
still  more  noticeable  when  the  concentration  of  the  ammoma  is 
lower  and  are  less  noticeable  at  higher  concentrations. 
The  depth  of  color  developed  at  the  end  of  1  hour  is  remark¬ 
ably  uniform,  except  for  those  cases  in  which  the  reaction 
is  much  slower  and  full  color  has  evidently  not  developed  in 

hour.  _ 

It  is  evident  from  these  results  that  about  5  per  cent  excess 

of  potassium  iodide  is  needed  to  prevent  the  formation  of  a 
red  precipitate  when  Nessler’s  reagent  is  diluted,  unless  ex¬ 
cessive  concentrations  of  potassium  hydroxide  are  used. 
A  further  increase  in  the  amount  of  potassium  iodide  notice¬ 
ably  slows  up  the  color  formation,  especially  with  low  con¬ 


centrations  of  ammonia.  The  effect  of  increasing  the  con¬ 
centration  of  potassium  hydroxide  is  to  speed  up  the  develop¬ 
ment  of  color  and  to  decrease  the  amount  of  excess  potassium 
iodide  required  to  prevent  the  formation  of  the  mercuric 

iodide  precipitate.  .  . . 

The  author,  after  taking  all  factors  into  consideration 

recommends  the  following  formula  for  the  preparation  of  a 
satisfactory  Nessler’s  reagent: 


The  reagent  should  have  10  moles  of  potassium  hydroxide  for 
each  equivalent  of  mercuric  ion  in  solution  with  5  Per  cent  ex¬ 
cess  of  potassium  iodide  over  and  above  that  called  for  by  the  hypo¬ 
thetical  compound  potassium  mercuric  .  iodide.  J^rttemore, 
it  should  stand  several  days  before  being  used,  to  permit  any 

prex7e“s  no  necessity  "of  usi„S  any  such  invoke L  of 

preparation  as  those  given  by  Treadwell  and  Hall  (5),  Koch  and 
McMeekin  (S),  and  Fuchs  (2).  Rather,  it  is  recommended  that 
45  5  grams  of  mercuric  iodide  and  34.9  grams  of  potassium  iodide 
be  dissolved  in  as  little  water  as  is  needed,  112  grams  of  potas¬ 
sium  hydroxide  (140  ml.  of  an  almost  saturated  solution,  sp.  gr. 

1^1  =  1.538)  added,  and  the  whole  diluted  to  1  liter.  This 

solution  is  0.2  N  with  respect  to  the  mercury  content.  In  the 
Nessler  test,  5  ml.  of  this  reagent  to  100  nil.  of  final  volume  are 
used,  and  the  color  comparisons  with  the  standards  are  made  30 

minnt.PS  A.ft.PT  mixill2\ 


Nessler’s  reagent  prepared  according  to  this  formula  has 
been  used  in  this  laboratory  for  several  years  with  completely 
satisfactory  results  at  all  times. 
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Preparing  Asbestos  for  Filtering  Mats 

BEN  L.  KASPIN 

Bureau  of  Agricultural  Chemistry  and  Engineering,  U.  S.  Department  of  Agriculture,  Washington,  D.  C 


THE  preparation  of  asbestos  for  use  in  Gooch  crucibles 
by  hand  shredding  has  always  been  one  of  the  less  pleas¬ 
ant  of  the  chemist’s  tasks.  Asbestos  prepared  by  means  of 
the  simple  apparatus  devised  in  this  laboratory  for  mechani¬ 
cally  performing  that  job  has  been 
used  during  the  last  6  months 
in  gravimetric  determinations  of 
barium  sulfate,  cuprous  oxide, 
crude  fiber,  etc.,  and  has  been 
found  very  satisfactory. 

The  construction  of  the  apparatus 
is  shown  by  the  diagram.  A  wide- 
mouthed,  square  glass  jar,  1,  of 
about  2-quart  capacity  is  covered 
by  a  piece  of  moderately  heavy 
cloth,  2  (ordinary^  laboratory  towel 
material  is  suitable).  A  glass  tube, 

3,  passes  through  a  small  hole  in 
the  cloth  and  is  held  in  position 
by  two  tightly  fitting  rubber  stoppers, 

4,  5,  one  placed  above  and  the 


ther  below  the  cloth.  The  stoppers  are  pressed  together  to 
iold  the  cloth  firmly  between  them.  The  tube  should  be  placed 
Lear  one  corner  of  the  jar  and  extend  approximately  halfway  to 
he  bottom.  The  outer  end  of  the  tube  is  connected  to  a  com- 

ir^sed  erate  cut  ttie  asbestos  to  roughly  0.5-inch  lengths,  place 
i,  0.25-inch  layer  of  this  material  in  the  bottom  of  the  jar,  se- 
surely  fasten  the  cloth  cover,  and  gradually  admit  the  compressed 
iir.  When  the  correct  rate  of  flow  is  attained,  the  asbestos  is 
ift'ed  by  the  air  currents  and  swirled  violently  in  what  appears  to 
le  a  miniature  tornado.  In  about  5  minutes  the  asbestos  becomes 
luffv  and  half  fills  the  jar.  The  finished  product  is  removed  and 
;he  operations  are  repeated  until  the  desired  quantity  of  prepared 

isbestos  is  obtained.  ,  .  A 

If  the  air  is  admitted  too  rapidly  the  asbestos  tends  to  rise  and 
accumulate  at  the  top  of  the  jar.  When  this  occurs,  turn  off  the 
dr  tan  the  cover  to  dislodge  the  asbestos,  and  agam  start  the  air. 


The  apparatus  should  be  used  in  a  hood  with  a  strong 
draft,  since  its  operation  produces  a  fine  asbestos  dust  that  is 
extremely  irritating. 
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Manganese,  Chromium,  and  Nickel 
in  18-8  Alloy  Steels 

A  Rapid  Sequence  Titration 

LOUIS  SILVERMAN  and  OWEN  GATES 
5559  Hobart  St.,  Pittsburgh,  Penna. 


A  0.2  gram-sample  of  steel  solution, 
which  has  been  completely  oxidized  by  the 
silver-persulfate  method,  is  used  for  the 
successive  determination  of  manganese, 
chromium,  and  nickel.  A  description  of 


known  methods  of  analysis  for  silicon, 
columbium,  phosphorus,  and  molybdenum 
is  included  to  correlate  this  new’  sequence 
method  with  analysis  of  the  other  elements 
mentioned. 


IN  ALLOY  steels  containing  10  to  30  per  cent  of  chromium 
and  7  to  20  per  cent  of  nickel,  the  chromium  and  nickel 
are  usually  titrated  on  the  same  sample,  in  sequence.  Manga¬ 
nese,  however,  is  determined  on  a  separate  sample,  by  arse- 
nite  after  the  zinc  oxide  separation  ($),  because  the  brown 
color  of  the  manganic  salts  obscures  the  end  point  when  much 
chromium  is  present. 

Another  possible  combination  is  made  possible  by  the  use 
of  mercurous  nitrate  ( 8 ) .  After  oxidation  of  manganese  and 
chromium  to  permanganic  and  dichromic  acids,  respectively, 
the  manganese  is  determined  by  the  mercurous  nitrate,  and 
the  chromium  by  ferrous  sulfate  as  usual.  The  nickel,  how¬ 
ever,  cannot  be  determined  by  cyanide  on  this  aliquot,  be¬ 
cause  of  the  interference  of  mercuric  salts. 

Investigations,  with  the  aid  of  the  electron  beam  sec- 
trometer,  indicated  that  permanganic  acid  could  be  accu¬ 
rately  titrated  with  the  arsenite-nitrite  reagent  of  Sandell, 
Kolthoff ,  and  Lingane  (7)  and  chromium  and  nickel  could  sub¬ 
sequently  be  determined  on  the  same  sample.  Experimental 
conditions  were  then  established,  such  that  visual  titration  of 
manganese  was  equal  in  accuracy  to  that  of  the  sectrometer 
when  used  as  indicator. 


Table 

I. 

Comparative  Analyses 

C 

Mn 

P 

s 

Si 

Ni 

Cr 

Cb 

Se 

Mo 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Authors 

0 

07 

0 

92 

0 

120 

0 

052 

0 

53 

9 

2 

18 

8 

0.26 

Manufacturer 

0 

07 

0 

98 

0 

136 

0 

044 

0 

54 

9 

37 

18 

85 

0.23 

Authors 

0 

06 

1 

64 

0 

020 

0 

010 

0 

52 

11 

5 

18 

2 

0.83 

Manufacturer 

0 

06 

I 

74 

0 

018 

0 

014 

0 

50 

11 

3 

18 

05 

0.81 

Authors 

0 

07 

0 

56 

0 

012 

0 

013 

0 

47 

12 

4 

18 

5 

0.81 

Manufacturer 

0 

07 

0 

58 

0 

016 

0 

010 

0 

47 

12 

5 

18 

45 

0.77 

Authors 

0 

06 

0 

50 

0 

018 

0 

013 

0 

44 

9 

4 

18 

8 

Manufacturer 

0 

07 

0 

53 

0 

018 

0 

015 

0 

40 

9 

0 

18 

6 

Authors 

0 

05 

0 

32 

0 

015 

0 

010 

0 

36 

10 

5 

18 

3 

Manufacturer 

0 

05 

0 

31 

0 

017 

0 

015 

0 

30 

9 

8 

18 

3 

Authors 

0 

05 

0 

47 

0 

024 

0 

009 

0 

37 

9 

5 

18 

5 

Manufacturer 

0 

05 

0 

48 

0 

018 

0 

013 

0 

34 

9 

3 

18 

i 

Authors 

0 

07 

0 

56 

0 

019 

0 

016 

0 

38 

9 

1 

19 

2 

Manufacturer 

0 

07 

0 

56 

0 

Oil 

0 

015 

0 

44 

9 

3 

19 

25 

Authors 

0 

06 

0 

92 

0 

133 

0 

066 

0 

53 

10 

2 

18 

5 

0.16 

Manufacturer 

0 

069 

0 

94 

0 

138 

0 

084 

0 

43 

9 

24 

18 

oo 

0.16 

Authors 

0 

06 

0 

44 

0 

151 

0 

014 

0 

52 

9 

1 

19 

2 

0.34 

Manufacturer 

0 

06 

0 

37 

0 

154 

0 

014 

0 

47 

9 

43 

18 

59 

0.32 

Authors 

0 

09 

0 

41 

0 

018 

0 

010 

0 

48 

8 

3 

18 

4 

Manufacturer 

0 

09 

0 

42 

0 

018 

0 

008 

0 

43 

8 

52 

18 

55 

Authors 

0 

06 

1 

25 

0 

018 

0 

009 

0 

61 

11 

1 

18 

5 

Manufacturer 

0 

06 

1 

31 

0 

018 

0 

012 

0 

56 

10 

9 

18 

19 

Authors 

0 

06 

1 

37 

0 

014 

0 

016 

0 

.45 

9 

4 

17 

5 

2.60 

Manufacturer 

0 

065 

I 

37 

0 

021 

0 

010 

0 

43 

9 

6 

17 

5 

3.00 

In  Table  I  is  compiled  a  series  of  analyses  which  are  com¬ 
pared  with  those  of  the  manufacturer  or  contractor  supplying 
the  steels.  In  Table  II,  the  values  for  Bureau  of  Standards 
sample  No.  121  are  given,  using  Bureau  of  Standards  No.  101a 
as  standard. 


Solutions 

Arsenite-Nitrite.  Prepare  0.1  N  arsenite  by  dissolving 
4.95  grams  of  arsenious  oxide  in  about  20  cc.  of  20  per  cent  sodium 
hydroxide  solution.  Using  phenolphthalein  as  indicator,  de¬ 
colorize  with  dilute  sulfuric  acid,  add  500  cc.  of  water  and  20  to  25 
grams  of  sodium  bicarbonate,  and  decolorize  with  acid  if  nec¬ 
essary.  Dissolve  7.0  grams  of  sodium  nitrite  in  200  cc.  of  water. 
Mix  arsenite  and  nitrite,  and  dilute  to  2  liters.  This  is  the  stock 
0.1  N  solution.  For  use,  dilute  to  0.02  N,  standardize  on  a  steel 
of  about  1  per  cent  manganese,  to  which  20  per  cent  chromium 
has  been  added,  and  check  with  Bureau  of  Standards  sample  No. 
101a  or  121. 

Ferrous  Ammonium  Sulfate.  Dissolve  about  46.0  grams 
(0.115  A0  of  ferrous  ammonium  sulfate  in  500  cc.  of  water  con¬ 
taining  about  5  cc.  of  sulfuric  acid.  Dilute  to  1  liter. 

Citric  Acid  Solution.  To  380  grams  of  ammonium  sulfate 
add  270  cc.  of  concentrated  ammonium  hydroxide,  1430  cc.  of 
water,  5  grams  of  ammonium  chloride,  and  240  grams  of  citric 
acid.  Use  50  cc.  on  a  0. 2-gram  aliquot. 

Standard  Silver  Nitrate  Solution,  2.885  grams 
of  silver  nitrate  per  liter.  Use  5  =*=  0.1  cc. 

Cyanide  Solution.  Dissolve  about  7.5  grams 
of  sodium  cyanide  and  7  grams  of  sodium  hy¬ 
droxide  in  1000  cc.  of  water.  Dilute  to  analyst’s 
convenience. 

Potassium  Iodide,  200  grams  of  potassium  iodide 
per  1000  cc.  of  water.  Use  2  cc. 

Mixed  Acids.  Mix  900  cc.  of  concentrated  hy¬ 
drochloric  acid,  300  cc.  of  concentrated  nitric  acid, 
and  1000  cc.  of  water.  Use  about  20  cc.  for  2  grams. 

Time-Saving  Acid-Silver  Solution.  Mix  500 
cc.  of  water,  1000  cc.  of  sulfuric  acid,  5.77  grams 
of  silver  nitrate,  and  120  cc.  of  phosphoric  acid. 
Dilute  to  2  liters.  Use  5  cc. 


Experimental 

Use  Bureau  of  Standards  samples  101a  and  121. 
Dissolve  2-gram  samples  in  aqua  regia,  then  fume 
with  18  cc.  of  perchloric  acid  to  eliminate  chlorides. 
After  cooling,  diluting  with  water,  and  boiling  out 
chlorine  gas,  filter  the  solution  through  paper  and 
wash  well.  Make  up  the  filtrate  to  a  known 
volume,  and  transfer  0.2-gram  aliquots  to  400-cc. 
beakers. 

To  the  beaker  add  5  cc.  of  silver  nitrate  solution, 
5  cc.  of  (1  +  1)  sulfuric  acid,  0.3  cc.  of  glacial  phos¬ 
phoric  acid,  and  20  cc.  of  6  per  cent  ammonium 
persulfate.  Add  water  to  make  the  solution  up  to 
100  cc.  Heat  the  solution  to  complete  the  oxidation 
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Table  II.  Analysis  of  Steel 

(Bureau  of  Standards  No.  101a  used  as  standard:  Mn  0.47,  Cr  18.33, 

Ni  8.98) 


Mn 

Cr 

Ni 

% 

% 

% 

Bureau  of  Standards  No.  121 

0.41 

17.83 

9.04 

Author  A,  regular  method 

0.41 

17.6 

8.9 

9.0 

Proposed  method 

17 . 7 

Author  B,  proposed  method 

0.39 

17.9 

9.1 

of  the  chromium  and  manganese  and  to  destroy  the  excess  per¬ 
sulfate,  without  boding. 

After  cooling  to  5°  to  10°  C.,  slowly  titrate  the  manganese 
with  the  arsenite-nitrite  solution,  using  the  electron  beam  sec- 
trometer  (platinum-tungsten  electrodes)  as  indicator.  Moderate 
stirring  is  required.  After  the  manganese  titration,  dilute  the 
solution  to  200  cc.  with  cold  water,  and  add  5  cc.  of  (1  +  1)  sul¬ 
furic  acid.  Titrate  the  chromium  with  ferrous  sulfate,  poten- 
tiometrically  (using  the  mercury,  mercurous  chloride,  potassium 
nitrate,  and  the  platinum  electrodes),  and  then  titrate  the  nickel 
as  directed  in  the  procedure  below.  . 

Use  another  0.2-gram  aliquot  to  determine  chromium  and 
nickel  alone,  to  check  the  results  obtained  on  the  manganese- 
chromium-nickel  sample.  Determine  manganese  separately 
after  the  zinc  oxide  separation  (9). 

Important  changes  from  the  procedure  given  by  Sandell 
tt  al.  had  to  be  made.  Latimer  (4)  stated  that  in  1  molar  H+, 
dichromate  is  not  a  very  rapid  oxidizing  agent;  hence,  the 
solution  was  made  approximately  1  molar  in  H+  instead  of  3 
M  as  directed.  Another  change  was  the  function  of  the  silver 
ion.  Sanded  removed  the  silver  by  precipitation  with  chlo¬ 
ride.  In  this  procedure,  the  sdver  does  not  interfere  with  the 
arsenite  titration  which  is  performed  cold.  The  concentra¬ 
tion  of  sdver  nitrate  solution  was  adjusted  to  the  authors’ 
own  laboratory  procedures,  where  the  cyanide  titration  is 
required.  Lastly,  the  size  of  sample  used  is  0.2  gram  instead 
of  1  gram,  since  this  laboratory  habituady  determines  manga¬ 
nese  by  titration  on  a  0.2-gram  sample;  not  more  than  0.2 
gram  should  be  used  for  an  18  per  cent  chromium  sample  if  an 
approximately  0.1  N  ferrous  sulfate  solution  is  used. 

The  advantage  of  this  sequence  method  is  apparent,  for 
only  one  adquot  is  necessary  for  the  determination  of  these 
three  elements.  Much  time  is  saved  in  eliminating  the  long 
zinc  oxide  method  or  other  similar  methods  involved  in  the 
determination  of  manganese.  Furthermore,  it  is  certain  that 
the  oxidation  of  chromium  is  more  complete  by  this  method 
than  by  the  ordinary  perchloric  acid  method  (6). 

The  arsenite-nitrite  reagent,  being  approximately  0.02  N, 
wid  not  interfere  with  the  approximately  0.1  A  ferrous  sul¬ 
fate  even  if  the  manganese  is  overtitrated  as  much  as  0.4  cc. 

A  complete  routine  procedure  for  the  determination  of 
sidcon,  columbium,  manganese,  chromium,  nickel,  and  phos¬ 
phorus  (and  molybdenum)  in  high  chromium-nickel  (18-8) 
steels  is  given  below. 

This  procedure  for  manganese  and  chromium  has  been  ap- 
pded  to  related  adoys  such  as  nickel-chrome  (80  per  cent 
nickel,  12  per  cent  chromium,  0.5  per  cent  manganese).  Stel- 
dtes  (chromium,  cobalt,  tungsten),  which  sometimes  contain 
appreciable  manganese,  might  possibly  be  determined  by  this 
procedure.  In  this  case  the  dissolving  reagent  could  be  phos¬ 
phoric  acid  (11).  Unfortunately,  no  samples  (high  in  manga¬ 
nese)  were  at  hand.  Ferrochromium  analysis  by  this  method 
seems  adequate  and  is  being  studied  more  fudy  (10). 

The  time  required  for  24  sidcon,  manganese,  chromium, 
nickel,  and  phosphorus  (by  inspection)  determinations  is  9 
to  10  hours. 

Other  possible  reagents,  such  as  mercurous  nitrate,  were 
not  compared,  as  an  extended  discussion  is  considered  beyond 
the  scope  of  this  paper. 


Procedure 

Silicon  and  Columbium  (8).  Transfer  2  grams  of  the  steel 
to  a  400-cc.  or  a  tad-form  300-cc.  beaker,  dissolve  in  about  20  cc. 
of  mixed  hydrochloric-nitric  acids,  and  add  18  cc.  of  technical 
(70  per  cent)  perchloric  acid.  Heat  to  expel  the  mixed  acids  and 
then  raise  the  temperature  until  most  of  the  chromium  has  oxi¬ 
dized,  but  discontinue  heating  before  any  of  the  chromium  is 
boiled  out  of  the  beaker.  Three  converging  lines  of  condensed 
acid  (colored  yellow,  not  green)  are  usually  seen  under  the  cover 
glass  when  dehydration  of  silica  is  complete.  (Use  a  no-bump 
beaker  holder  for  high  silica.)  Cool  somewhat,  and  add  50  cc.  of 
water  to  dissolve  soluble  matter.  Heat  to  boiling  to  expel  chlo¬ 
rine.  Remove  the  beaker  from  the  heat,  and  when  suitably 
cooled,  filter  through  paper  and  catch  in  a  volumetric  flask  (200 
or  250  cc.).  Wash  well  with  water  containing  a  few  drops  of  sul¬ 
furic  acid.  Change  the  receiving  flask,  wash  several  times  with 
(1  +  10)  hydrochloric  acid  to  remove  the  last  traces  of  perchloric 
acid,  then  finally  with  water.  The  paper  contains  silicon,  any 
columbium  if  present,  and  about  0.02  per  cent  of  retained  lm- 

PUManganese,  Chromium,  and  Nickel.  Dilute  the  volumetric 
flask  solution  to  the  mark.  Transfer  a  0.2-gram  aliquot  to  a 
400-cc.  beaker.  Add  5  ±  0.1  cc.  of  silver  nitrate  solution,  o  cc.  of 
_j_  i)  sulfuric  acid  solution,  0.3  cc.  of  glacial  phosphoric  acid, 
and  20  cc.  of  6  per  cent  ammonium  persulfate  solution.  Dilute 
with  water  to  about  100  cc.  Heat  to  complete  the  oxidation  of 
manganese  and  to  destroy  excess  persulfate,  without  boning. 
Remove  from  the  heat,  and  cool  to  5°  to  10  C.  Titrate  slowly 
with  standard  arsenite-nitrite  solution  (1  minute  for  first  5  cc., 
and  0.5  minute  for  each  extra  5  cc.),  shaking  the  beaker  above  a 

sheet  of  white  paper.  ,  ,  ,  _  „ 

Dilute  the  solution  to  200  cc.  with  cold  water,  and  add  o  cc. 
of  (1  -(-  1)  sulfuric  acid  solution.  Titrate  with  standard  ferrous 
sulfate  solution  using  a  potentiometer  (mercury,  mercurous  chlo¬ 
ride,  potassium  nitrate  with  platinum  electrode)  as  indicator  tor 

the  chromium.  ,  , ,  . , 

Add  50  cc.  of  citrate  solution  which  contains  enough  chloride 
to  precipitate  the  silver,  and  then  just  enough  ammonium  hy¬ 
droxide  to  dissolve  the  precipitate  (1),  thus  adjusting  the  acidity. 
Add  2  cc.  of  the  potassium  iodide  solution,  and  titrate  with 
standard  cyanide  solution  to  the  end  point  for  the  nickel. 

Molybdenum  (2).  Cool  a  suitable  aliquot,  treat  with  lo  cc. 
of  20  per  cent  stannous  chloride,  5  cc.  of  5  per  cent  ammonium 
thiocyanate,  10  cc.  of  (1  +  1)  sulfuric  acid,  and  1  cc.  of  hydro¬ 
chloric  acid  (1.2  sp.  gr.),  then  extract  the  molybdenum  by  ether, 
butyl  acetate,  or  cyelohexanol,  and  compare  with  a  standard. 

Phosphorus.  Use  the  remainder  of  the  solution  or  a  suitable 
aliquot.  Add  5  cc.  of  nitric  acid  (sp.  gr.  1.4)  and  about  2  drops 
of  concentrated  hydrochloric  acid,  boil  down  to  50  cc.,  add  molyb¬ 
date  solution  and  ammonium  hydroxide,  and  complete  by  any 
favored  method  (o). 
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Determination  of  Sludge  in  Used 
or  Oxidized  Motor  Oils 

CLIFFORD  G.  LUDEMAN,  The  Texas  Co.,  New  York,  N.  Y. 


MANY  methods  have  been  suggested  and  used  for  the 
determination  of  sludge  in  motor  oils  with  consequent 
variations  of  results.  Serious  discrepancies  have  been  demon¬ 
strated  in  cooperative  surveys  in  which  the  various  workers 
used  the  same  oils  and  supposedly  the  same  procedure  of 
sludge  determination.  Preliminary  to  other  motor  oil  in¬ 
vestigations  in  this  laboratory,  therefore,  a  few  of  the  more 
important  variables  of  sludge  determination  procedures  were 
studied.  Based  on  this  study  together  with  other  results 
found  in  the  literature,  a  coordinated  procedure  for  the 
determination  of  sludge  and  sludge  components  is  presented. 

Sludge  and  Sludge  Components 

Motor  oil  sludge  is  composed  of  the  alteration  products  of 
the  oil,  dust  and  dirt,  metal  wearings,  emulsions,  etc.  This 
study  is  confined  to  the  alteration  products  of  the  oil  alone 
and  the  term  “sludge”  as  used  here  applies  to  such  alteration 
products  only.  The  importance  of  other  sludge  components, 
however,  is  not  to  be  ignored  and  methods  suitable  for  their 
estimation  are  of  considerable  interest  and  value.  The 
alteration  products  of  motor  oils  are  formed  by  oxidation  and 
polymerization  and  may  be  subdivided  into  components 
whose  names  are  derived  from  the  various  components  of 
asphalt  with  which  they  are  identical  or  which  they  closely 
resemble. 

Motor  oil  sludge  components  and  asphalt  components  are 
considered  to  be  formed  through  oxidation  of  hydrocarbons 
in  the  order  of  the  series :  slightly  altered  hydrocarbons,  resins, 
asphaltenes,  carbenes,  and  carboids.  The  asphalt  compo¬ 
nents  are  defined  by  their  solubilities  in  various  solvents  or 
precipitants.  The  American  Society  for  Testing  Materials 
(I)  defines  asphaltenes  as  bitumens  soluble  in  carbon  disulfide 
but  insoluble  in  paraffin  naphthas,  and  carbenes  as  bitumens 
soluble  in  carbon  disulfide  but  insoluble  in  carbon  tetra¬ 
chloride.  Carboids  (the  names  “kerotenes”  and  “kerites” 
have  also  been  suggested)  are  insoluble  in  carbon  disulfide. 
Asphaltenes,  carbenes,  and  carboids  are  more  or  less  insoluble 
in  oil,  the  insolubility  increasing  in  the  order  named.  Resins 
are  “fairly”  soluble  in  motor  oils  and  in  petroleum  naphthas. 
Resins  have  been  defined  as  asphalt  components  soluble  in 
petroleum  naphthas  and  absorbed  from  such  solutions  by 
infusorial  earth,  kieselguhr,  etc.,  from  which  the  resins  are 
removed  rather  completely  by  solvents  such  as  carbon  disul¬ 
fide,  pyridine,  etc.  Commercially,  resinlike  bodies  are  re¬ 
moved  from  motor  oils  during  refining  by  propane  precipita¬ 
tion. 

An  excellent  analytical  application  of  propane  for  soluble 
sludge  precipitation  from  used  or  oxidized  motor  oils  has  been 
advanced  by  Hall,  Levin,  and  McMillan  (8),  mention  of 
which  is  made  below.  Hence,  since  sludge  is  defined  by 
solubility  characteristics,  it  is  exactly  defined  only  by  the 
analytical  method  of  estimation — i.  e.,  the  method  of  estab¬ 
lishing  solubilities  involved  in  the  definitions. 

Oils  and  Solvents  Used 

Sufficient  amounts  of  both  oils  and  solvents  or  precipitants 
were  obtained,  so  that  the  same  stock  was  used  in  all  tests 
during  these  studies.  Analyses  and  tests  of  the  solvents  are 
shown  in  Table  I.  The  hydrocarbon  analyses  were  made 
according  to  the  procedure  recommended  by  Towne  {14) 
with  the  determination  of  the  paraffin-naphthene  ratio  by  the 


aniline  point  procedure  of  Ormandy  and  Craven  {13).  Three 

S.  A.  E.  30  oils  representing  a  naphthene  base,  a  mid¬ 
continent  base,  and  a  paraffin  base  were  used  and  tests  on  these 
oils  are  shown  in  Table  II.  These  oils  were  sludged  by  blow¬ 
ing  with  air  at  175°  C.  (347°  F.)  until  sufficient  sludge  was 
formed.  The  samples  of  sludged  oil  were  transferred  hot, 
immediately  after  blowing,  by  a  wide-tipped  pipet  to  the 
precipitation  flasks. 

Accuracy 

All  determinations  were  run  in  triplicate  except  a  few  experi¬ 
ments  on  precipitant  selection  and  ratio.  Determinations 
having  an  actual  deviation  of  more  than  0.03  per  cent  (ap¬ 
proximately  7  per  cent  of  all  determinations)  were  rejected. 
This  maximum  allowable  error  permitted  a  maximum  average 
error  of  a  single  determination  of  0.021  per  cent,  a  maximum 
average  error  of  the  arithmetical  average  of  0.012  per  cent,  a 
maximum  probable  error  of  a  single  determination  of  0.014 
per  cent,  and  a  maximum  probable  error  of  the  arithmetical 
average  of  0.008  per  cent.  The  chief  contributing  factor  to 
errors  was  electrostatic  conditions;  it  was  noticed  that  at 
times  a  small  hair-fine  stream  of  solvent  was  ejected  upwards 
from  the  crucible  during  filtration,  giving  rise  to  error  if 
sludge  were  entrained.  Such  a  factor  requires  work  under 
safe  conditions. 

Filter  Selection 

Since  sludge  is  somewhat  colloidal,  an  efficient  filter  of 
standard  porosity  is  most  desirable. 

Alunduin  crucibles  have  been  recommended  {4,  5,  6,  11)  but 
have  been  found  unsatisfactory  by  some  members  of  the  A.  S. 

T.  M.  {2)  since  inconsistent  results  due  to  oil  retention  were  ob¬ 
tained.  Woog  and  Givaudon  {15)  have  recommended  a  fritted- 
glass  disk  crucible  containing  a  layer  of  powdered  glass.  In  this 
work,  filter  papers  of  various  types  were  found  to  be  too  slow  and 
wasteful  of  solvent.  Porous  porcelain-bottomed  crucibles  (both 
medium  and  dense)  were  too  slow.  Fritted-glass  disk  crucibles 
were  suitable  if  carefully  selected  for  uniform  porosity,  since  re¬ 
tention  varied  with  porosity  (as  determined  by  filter  rates  with 
water).  Properly  prepared  asbestos-filled  Gooch  crucibles  were 
easily  equal  to  selected  fritted-glass  disk  crucibles  and  were  chosen 
for  all  subsequent  work. 

Standard  Experimental  Procedure 

Except  when  noted,  the  method  of  sludge  determination 
was  as  follows: 

In  an  Erlenmeyer  flask  of  500-cc.  capacity  weighed  to  the 
closest  milligram  were  pipetted  approximately  10  cc.  of  hot, 
freshly  oxidized  oil  whose  weight  to  the  closest  milligram  was 
determined  by  reweighing  after  cooling  (flask  was  stoppered  while 
cooling).  The  sludge  was  precipitated  by  adding  solvent  with 
swirling  to  ensure  complete  solution  of  the  oil  sample,  the  sides 
of  the  flask  being  washed  down  with  the  remainder  of  a  200-cc. 
volume  of  solvent.  The  flask  was  then  tightly  stoppered  and  set 
in  the  dark  for  exactly  24  hours  at  room  temperature  (approxi¬ 
mately  25°  C.).  Coors  No.  4  Gooch  crucibles  (30-cc.  capacity) 
were  filled  with  an  asbestos  suspension  (10  grams  of  asbestos  per 
1000  cc.  of  water),  and  sucked  dry  at  the  vacuum  pump,  and  the 
asbestos  mat  was  well  pressed  with  the  forefinger,  refilled  with 
asbestos  suspension,  sucked  dry,  repressed,  and  well  washed  with 
distilled  water.  The  resulting  asbestos  filtering  mat  was  approxi¬ 
mately  3  mm.  thick.  It  was  prepared  from  Powminco  asbestos 
produced  by  the  Powhatan  Mining  Corporation,  Baltimore,  Md. 

After  drying  several  hours  in  a  hot-air  oven  at  110°  C.,  the 
prepared  crucible  was  cooled  in  a  desiccator  and  then  weighed 
to  the  closest  0.1 'mg.  The  contents  of  the  Erlenmeyer  flask 
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t  Table  II. 

Tests  on  Oils 

Oils,  all  S.  A.  E.  30 

Naphthene 

Mid-Continent 

Paraffin 

Gravity,  °  A.  P.  I. 

21.5 

28.3 

28.5 

Specific  gravity,  60°/60°  F. 

0.9036 

0.8855 

0.8844 

Flash,  °  F. 

395 

450 

445 

Fire,  0  F. 

460 

520 

515 

Viscosity,  Saybolt  Universal 

100°  F. 

549.5 

481.5 

415 

130°  F. 

214.5 

212.5 

206 

210°  F. 

55 

60 

61.5 

Pour,  °  F. 

Color,  Lovibond,  cell  length, 

0 

-5 

-20 

inches 

Neutralization  No.,  mg.  KOH  per 

255-6" 

30-1/2" 

150-1/2" 

gram 

0. 18 

0.085 

0.03 

Sulfur,  bomb,  % 

0.345 

0.205 

0.18 

Carbon  residue,  % 

0.08 

0.06 

0.54 

were  carefully  decanted  through  the  prepared  Gooch  crucible, 
which  was  held  in  a  Gooch  crucible  funnel  in  a  suction  flask 
connected  to  a  vacuum  line  and  to  the  atmosphere  by  a  two-way 
stopcock.  Care  was  taken  to  get  as  little  sludge  into  the  crucible 
as  possible  until  toward  the  end,  when  an  effort  was  made  to 
transfer  the  total  at  one  time.  The  flask  and  lip  of  the  flask 
were  washed  once  into  the  crucible  as  soon  as  possible.  It  was 
then  essential  that  the  sludge  cake  be  sucked  dry  and  allowed  to 
develop  a  number  of  cracks. 

The  crucible  was  removed  from  the  funnel,  the  small  line  of 
oil  which  always  crept  over  the  edge  was  washed  back  into  the 
Erlenmeyer  flask,  and  the  crucible  was  returned  to  the  oil-free 
funnel.  The  flask  was  then  washed  twice  into  the  crucible,  a 
rubber  policeman  being  used  if  necessary.  The  vacuum  was 
shut  off,  the  crucible  half-filled  with  solvent  and  allowed  to  stand 
1  to  2  minutes,  and  the  vacuum  reapplied;  this  was  repeated  for 
a  total  of  three  times,  when  the  crucible  and  contents  were  oil- 
free.  Approximately  100  to  150  cc.  of  solvent  are  necessary  for 
washing  when  used  from  a  fine-tipped  flask.  After  a  final  wash¬ 
ing  down  of  the  crucible  to  remove  possible  traces  of  oil,  the 
crucible  and  contents  were  dried  at  110°  C.  for  an  hour,  cooled 
in  a  desiccator,  and  reweighed  to  the  closest  0. 1  mg. 

The  calculations  were  as  follows : 


%  sludge  - 


weight  of  sludge  X  100 
weight  of  oil  sample 


The  character  of  the  sludges  or  the  various  sludge  com¬ 
ponents  determined  as  per  cent  sludge  is  dependent  upon  the 
solvent  employed.  The  above  procedure  was  adopted  as 
the  standard  method  for  this  study. 


Solvent  Selection 

In  Table  III,  the  relative  sludge-precipitating  powers  of 
various  solvents  are  shown.  Each  group  of  results  as  set 
apart  in  the  table  was  obtained  with  a  different  sludged  oil 
of  the  base  indicated.  In  all  cases,  isopentane  was  found  to 
precipitate  the  greatest  amount  of  sludge.  As  a  basis  of 
comparison,  the  sludge  precipitated  by  the  other  solvents  is 
expressed  as  a  percentage  of  the  amount  precipitated  by  iso¬ 
pentane  and  is  termed  here  “isopentane  sludge”. 

It  is  not  implied  that  isopentane  precipitates  100  per  cent 
of  all  sludge  present  in  an  oxidized  oil,  since  more  efficient 
precipitation  solvents  have  been  found.  However,  it  is  im¬ 
possible  to  use  hydrocarbons  lower  boiling  than  isopentane 
for  the  more  or  less  conventional  sludge  precipitation  pro¬ 
cedures  without  the  use  of  pressure  or  refrigeration.  An 
excellent  application  of  propane  is  cited  below.  Isopentane 
precipitates  asphaltenes,  carbenes,  and  carboids,  and  since 
the  latter  two  are  usually  rather  insoluble  in  oil  or  very  easily 
precipitable,  isopentane  may  be  regarded  as  an  asphaltene 
precipitant.  Isopentane  also  complies  fully  with  the  A.  S. 
T.  M.  solvent  requirement  involved  by  the  definition  of  an 
asphaltene,  since  it  is  a  pure  “paraffin  naphtha”. 

Other  Solvents.  If  n-pentane  precipitated  sludge  in  a 
definite  ratio  to  isopentane — i.  e.,  a  constant  per  cent  iso¬ 
pentane  sludge — the  use  of  mixed  pentanes  would  allow  the 
estimation  of  isopentane  sludge  by  a  conversion  factor  based 


on  the  composition  of  the  mixed  pentanes.  Unfortunately 
the  ratio  was  found  to  vary  with  the  oil  base  used.  This  was 
also  true  of  all  other  precipitation  solvents.  It  will  be  noted 
that  86°  Be.  gasoline  was  used  as  an  auxiliary  precipitant 
with  each  oxidized  oil,  so  affording  a  check,  the  variation  of 
the  isopentane  sludge  value  being,  no  doubt,  partially  due  to 
the  distribution  of  the  sludge  components. 

A.  S.  T.  M.  precipitation  naphtha  has  lower  sludge  precipita¬ 
tion  ability  than  Kahlbaum  normal  benzine,  which  is  so 
widely  recommended  and  used  in  Europe.  Kerosene  was 
tried,  since  it  is  so  widely  used  as  a  flushing  agent  for  engines 
in  experimental  work  from  which  sludge  results  are  sought. 
The  choice  of  kerosene  for  such  work  seems  unfortunate  and 
a  better  selection  might  be  carbon  tetrachloride  or  benzene 
which  could  be  later  removed  to  leave  essentially  unchanged 
oil.  Diethyl  ether  (dry  and  ethanol-free)  and  a  1  to  1  by 
volume  mixture  of  ether  (dry)  and  ethanol  (absolute)  were 
tried,  since  these  solvents  have  been  used  by  some  workers. 
The  latter  mixed  solvent  was  difficult  to  handle  and  gave  poor 
reproducibility.  A  number  of  sludge  procedures  recommend 
precipitation  of  sludge  by  naphtha  followed  by  extraction  of 
the  sludge  with  chloroform,  carbon  tetrachloride,  carbon 
disulfide,  or  benzene,  etc.,  with  recovery  and  weighing  of  the 
extracted  material  as  sludge.  These  methods  appear  tedious 
and  indirect  and  so  were  not  tried  except  to  test  the  precipita¬ 
tion  powers  of  the  solvents  recommended  therein. 

Recommended  Solvents.  Evans  (7)  in  an  article  cover¬ 
ing  a  number  of  the  factors  connected  with  methods  of 
sludge  determination  has  pointed  out  that  small  amounts  of 
aromatics  and  unsaturates  as  well  as  the  boiling  range  of  the 
petroleum  naphtha  could  cause  considerable  differences  in 
the  amounts  of  sludge  precipitated.  This  is  confirmed  in 
part  by  the  results  on  benzene  in  Table  III.  It  is  also  to  be 
noted  that  the  amount  of  sludge  varies  with  the  different 
hydrocarbons.  Despite  the  lower  molecular  weight  of  the 
mixed  hexanes  as  well  as  a  lower  boiling  range,  more  sludge 
was  precipitated  by  pure  n-heptane,  although  possibly  this 
might  not  be  true  of  the  pure  hexane  components.  It  is 
probable  that  the  lower  amounts  of  sludges  precipitated  by 
the  mixed  hexanes  are  due  to  the  presence  of  small  amounts  of 
unsaturates  (4.1  per  cent)  and  aromatics  (3.1  per  cent)  as 
shown  by  the  hydrocarbon  analysis  presented  in  Table  I. 

An  attempt  to  relate  various  chemical  and  physical  prop¬ 
erties  (see  Table  I)  with  the  sludge-precipitation  ability  of 


Table  III.  Solvent  Selection 


Naphthene  Base  Mid-Continent  Paraffin  Base 
Oil  Base  Oil  Oil 


Solvent 

Sludge 

Iso¬ 

pentane 

sludge 

Sludge 

Iso¬ 

pentane 

sludge 

Sludge 

Iso¬ 

pentane 

sludge 

% 

% 

% 

% 

% 

% 

Isopentane 

2.04 

100.0 

2.00 

100.0 

2.95 

100.0 

86°  BA  gasoline 

1.80 

88.2 

1.56 

78.0 

2.27 

76.9 

n-Pentane 

1.91 

93.6 

1.81 

90.5 

2.59 

87.8 

Mixed  pentanes 

1.96 

96. 1 

1.83 

92.5 

2.66 

90.2 

Mixed  hexanes 

1.35 

66.2 

0.74 

37.0 

0.89 

30.2 

n-Heptane 

A.  S.  T.  M.  precipi- 

1.64 

80.4 

1.31 

65.5 

1.68 

56.7 

1.38 

67.6 

0.72 

36.0 

0.91 

30.8 

tation  naphtha 

Kahlbaum  normal 

1.45 

71.1 

0.83 

41.5 

1.01 

34.2 

benzine 

Kerosene 

. . 

0.24 

12.0 

Isopentane 

1.63 

100.0 

2.32 

100.0 

2.36 

100.0 

86°  B£.  gasoline 

1.41 

86.5 

1.79 

77.2 

1.69 

71.6 

Kerosene 

0.67 

41.1 

0.48 

20.7 

0.061 

2.6 

Isopentane 

2.34 

100.0 

1.64 

100.0 

0.96 

100.0 

86°  B6.  gasoline 

2.05 

87.6 

1.24 

75.6 

0.63 

65.6 

Carbon  tetrachlo- 

0.11 

4.7 

0.28 

17.1 

0.066 

6.9 

ride 

Carbon  disulfide 

0.060 

2.6 

0.26 

15.9 

0.053 

5.5 

Benzene 

0.036 

1.5 

0.24 

14.6 

0.049 

5.1 

Isopentane 

3. 12 

100.0 

2.63 

100.0 

5.03 

100.0 

86°  B6.  gasoline 

2.81 

90. 1 

2.10 

79.9 

3.91 

77.7 

Chloroform 

0.024 

0.8 

0.61 

23.2 

1.26 

25.0 

Diethyl  ether 

0.81 

26.0 

0.73 

27.7 

1.48 

29.4 

Ether-alcohol  (1 

0.61 

19.6 

0.98 

37.2 

3.08 

61.2 

to  1  by  volume) 
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Table  IV.  Effect  of  Time 

Solvent 

Time 

Hours 

Naphthene  Base 

Oil 

Iso¬ 
pentane 
Sludge  sludge 

%  % 

Mid-Continent 
Base  Oil 

Iso¬ 
pentane 
Sludge  sludge 

%  % 

Paraffin  Base 
Oil 

Iso¬ 
pentane 
Sludge  sludge 

%  % 

Isopentane 

6 

12 

24 

48 

120 

1.60 

1.62 

1.63 

1.63 

1.64 

97.6 

98.8 

99.4 

99.4 

100.0 

2.25 

2.31 

2.32 

2.33 
2.37 

94.9 
97.5 

97.9 
98.3 

100.0 

2.31 

2  33 

2.36 

2.37 
2.37 

97.5 
98.3 

99.6 
100  0 
100.0 

86°  BA 
gasoline 

6 

12 

24 

48 

120 

1.44 
1.43 
1.41 

1.45 
1.47 

88.7 

87.2 

86.0 

88.4 

89.6 

1.80 

1.77 

1.79 

1.80 
1.84 

75.9 

74.7 

75.5 
75.9 

77.6 

1.67 

1.69 

1.69 

1.71 

1.71 

70.5 

71.4 

71.4 

72.2 

72.2 

tion,  and  in  some  cases  slightly  out  of  line  with  other  results. 
An  interval  of  24  hours  was  found  to  be  convenient  and  was 
adopted  as  standard  for  this  work. 

Temperature.  The  effect  of  temperature  upon  the 
amount  of  sludge  precipitated  was  studied  by  following  the 
standard  experimental  procedure  except  for  the  temperature, 
during  the  24-hour  period  of  standing,  which  was  —25  ,0  , 
and  25°  C.  The  results  shown  in  Table  Y  for  86°  B6.  gaso¬ 
line  are  to  be  compared  to  those  with  isopentane  at  the  same 
temperature,  the  same  oil  being  used  for  all  three  tempera¬ 
tures.  The  amount  of  sludge  increases  with  decreasing 
temperatures  within  the  temperature  range  studied.  A 
logical  speculation  is  that  the  maximum  amount  of  sludge 
would  be  obtained  at  the  miscibility  tempera- 

_ _  ture  of  the  oil  and  solvent  at  the  particular 

solvent-to-oil  ratio  present,  although  the  sludge 


Table  V.  Effect  of  Temperature 

Mid-Continent 


Paraffin  Base 


Solvent 


Isopentane 


86°  B6. 
gasoline 


Oil 

Base  Oil 

Oil 

Temperature 

Sludge 

Iso¬ 

pentane 

sludge 

Sludge 

Iso¬ 

pentane 

sludge 

Sludge 

Iso¬ 

pentane 

sludge 

°  C. 

°  F. 

% 

% 

% 

% 

% 

% 

—  25 

-13 

1.87 

100.0 

2.18 

100.0 

3.72 

100.0 

o 

+  32 

1.84 

100.0 

2.23 

100  0 

3.62 

100.0 

+25 

+77 

1.73 

100.0 

2.16 

100.0 

3.49 

100.0 

—  25 

-13 

1.69 

90.4 

1.69 

77.6 

2.85 

76.6 

o 

+32 

1.62 

88.0 

1.68 

75.3 

2.80 

77.3 

+  25 

+77 

1.50 

86.7 

1.66 

76.9 

2.62 

75.1 

the  various  solvents  (see  Table  III)  was  completely  unsuc¬ 
cessful.  It  therefore  appears  that  regardless  of  rigid  speci¬ 
fications  for  sludge  precipitation  naphthas,  the  possibility  of 
the  exact  reproduction  of  naphthas,  especially  from  varying 
crude  sources,  of  identical  sludge-precipitation  ability  is 
small.  However,  pure  chemical  compounds  are  reproducible 
and  their  properties  and  effects  are  inherent.  The  recom¬ 
mendation  is  therefore  made  to  use  isopentane,  carbon  tetra¬ 
chloride,  and  carbon  disulfide  as  standard  solvents  for  the 
precipitation  of  sludge  from  motor  oils.  The  recommenda¬ 
tion  of  isopentane  is  based  upon  the  data  so  far  presented. 
All  three  solvents  comply  with  the  re- 


so  obtained  might  contain  resins.  Low  tem¬ 
perature  technique  is  inconvenient  and  imprac¬ 
tical  for  routine  analytical  work  and  the  more 
convenient  temperature  of  25°  C.  was  chosen  as 
standard  for  these  studies. 

Dilution.  Of  importance  secondary  only  to 
the  choice  of  solvents  is  the  ratio  of  the  volume 
of  solvent  to  the  weight  of  the  sample  of  oil.  The 
groups  of  results  shown  in  Table  VI  were  obtained 
with  different  oxidized  oils  according  to  the  given 
experimental  procedure  in  which  only  the  ratio  of 
the  solvent  volume  to  the  sample  weight  was 
varied.  The  amount  of  sludge  obtained  increased  in  most 
cases  to  a  maximum  with  increasing  volumes  of  solvent  for  a 
given  weight  of  sample.  Only  with  the  mid-continent  base 
and  the  paraffin  base  oils  precipitated  with  86°  BA  gasoline 
were  there  failures  to  obtain  sludge  maximums.  A  ratio  of 
25  cc.  of  solvent  to  1  gram  of  oil  sample  was  necessary  in  the 
other  cases  to  obtain  maximum  precipitation.  The  results 
with  isopentane  and  with  86°  B6.  gasoline  are  shown  graphi¬ 
cally.  A  maximum  also  appeared  to  be  attained  with  both 
carbon  tetrachloride  and  carbon  disulfide  at  the  recommended 
ratio  of  25  to  1. 


quirements  of  the  A.  S.  T.  M.  defini¬ 
tions  and  those  tacitly  implied  by 
general  usage  and  practice  for  the  vari¬ 
ous  sludge  components. 

Effect  of  Time,  Temperature, 
and  Dilution 

Time.  The  effect  of  the  time  of 
standing  of  a  precipitated  sample  be¬ 
tween  addition  of  the  solvent  and  filtra¬ 
tion  is  small.  There  is,  however,  a 
slight  increase  in  the  amount  of  sludge 
obtained  with  increased  standing,  as 
shown  by  Table  IV.  The  same  oxi¬ 
dized  oil  sample  was  used  with  both  iso¬ 
pentane  and  86°  Be.  gasoline  according 
to  the  foregoing  experimental  procedure, 
except  for  the  time  variation.  The  in¬ 
crease  in  sludge  is  in  general  positive 
with  increased  time  in  all  six  series  and 
greater  than  the  permissible  divergence 
or  error.  The  increase  in  the  amount 
of  sludge  may  be  due  to  the  conversion 
of  resins  into  asphaltenes  which  occurs 
with  time  at  ordinary  temperatures,  as 
pointed  out  by  Holde  and  Eikmann  ( 9 ). 
Samples  allowed  to  stand  only  6  hours 
were  somewhat  difficult  to  filter,  per- 


Table  VI.  Effect  of  Dilution 


Naphthene  Base  Oil 
Iso- 


Solvent 

pentane 

Solvent 

ratio 

Sludge 

% 

sludge 

% 

Isopentane 

6.05 

1.52 

95.0 

9.00 

1.59 

99.4 

12.0 

1.59 

99.4 

18.0 

1.60 

100.0 

24.0 

1.61 

100.6 

30.0 

1.60 

100.0 

86°  BA  gasoline 

6.13 

1.34 

83.8 

9.10 

1.38 

86.2 

12.1 

1.39 

86.9 

18.2 

1.38 

86.2 

24.2 

1.38 

86.2 

30.2 

1.38 

86.2 

Isopentane 

24.2 

2.34 

100.0 

86°  Be.  gasoline 

24.5 

2.05 

87.6 

Carbon  tetra¬ 

18.3 

0.11 

4.7 

chloride 

24.2 

0.11 

4.7 

30.3 

0.11 

4.7 

Carbon  disulfide 

18.1 

0.060 

2.6 

24.1 

0.060 

2.6 

30.4 

0.061 

2.6 

Benzene 

18.1 

0.034 

1.5 

24.1 

0 . 036 

1 . 5 

30.3 

0.037 

1.6 

Isopentane 

24.3 

3.12 

100.0 

86°  BA  gasoline 

24.4 

2.82 

90.4 

Chloroform 

18.1 

0.024 

0.76 

24.1 

0.024 

0.76 

30.0 

0.024 

0.76 

Diethyl  ether 

18.0 

0.78 

25.0 

24.0 

0.81 

26.0 

29.9 

0.82 

26.3 

Ether-alcohol  (1 

18.0 

0.64 

20.5 

to  1  by  volume) 

23.9 

0.61 

19.6 

29.9 

0.70 

22.4 

Mid-Continent  Base  Oil  Paraffin  Base  Oil 

Iso-  Iso- 


olvent 

pentane 

Solvent 

pentane 

ratio 

Sludge 

sludge 

ratio 

Sludge 

sludge 

% 

% 

% 

% 

6.29 

1.63 

78.0 

6.32 

2.72 

90.4 

9.42 

1.82 

87.1 

9.46 

2.82 

93.7 

12.5 

1.92 

91.9 

12.6 

2.89 

96.0 

18.7 

2.03 

97.1 

18.8 

2.94 

97.7 

24.9 

2.09 

100  0 

25.1 

3.01 

100.0 

31.3 

2.09 

100.0 

31.3 

3.02 

100.3 

6.39 

1.22 

58.4 

6.38 

1.90 

63.1 

9.52 

1.35 

64.6 

9.51 

2.01 

66.8 

12.7 

1.42 

67.9 

12.7 

2.09 

69 . 4 

19.0 

1.52 

72.7 

19.0 

2.21 

73.4 

25.3 

1.57 

75.1 

25.2 

2.28 

75.7 

31.6 

1.60 

76.1 

31.5 

2.34 

77.7 

25.5 

1.64 

100.0 

25.5 

0.96 

100.0 

25.4 

1.24 

75.6 

25.7 

0.63 

65 . 6 

19.0 

0.28 

17.1 

19.1 

0.064 

6.7 

25.4 

0.28 

17.1 

25.5 

0.066 

6.9 

31.7 

0.28 

17.1 

31.9 

0.066 

6.9 

18.9 

0.26 

15.9 

19.0 

0.051 

5 . 3 

25.2 

0.26 

15.9 

25.4 

0.053 

5 . 5 

31.4 

0.26 

15.9 

31.5 

0.056 

5 . 8 

18.9 

0.24 

14.6 

19.1 

0.048 

5.0 

25.2 

0.24 

14.6 

25.4 

0.049 

5 . 1 

31.6 

0.24 

14.6 

31.7 

0.049 

5.1 

25.3 

2.62 

100.0 

25.3 

5.03 

100.0 

25.5 

2.10 

80.2 

25.4 

3.91 

77.7 

18.9 

0.60 

22.9 

18.9 

1.27 

25.2 

25.1 

0.61 

23.3 

25.1 

1.26 

25.0 

31 .4 

0.60 

22.9 

31.3 

1.27 

25.2 

18.8 

0.74 

28.2 

18.8 

1 .45 

28.8 

25.0 

0.73 

27.9 

25.0 

1.48 

29.4 

31.2 

0.72 

27.5 

31.2 

1.47 

29.2 

18.7 

1.00 

38.2 

18.7 

3.12 

62.0 

25.0 

0.98 

37.4 

24.9 

3.08 

61.2 

30.9 

1.02 

38.9 

31.1 

3.09 

61 .4 

haps  because  of  incomplete  coagula- 
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Volumetric  Sludge  Determinations 

Preliminary  experiments  were  conducted  to  ascertain  if 
there  was  any  relationship  between  gravimetric  and  volu¬ 
metric  methods  which  would  obviously  involve  a  constant 
density  of  sludge  from  all  sources. 

Samples  of  oil  were  weighed  into  100-cc.  conical  centrifuge 
tubes  whose  tips  were  graduated  to  0.02  cc.,  precipitated  with 
90  cc.  of  solvent  (except  the  straight  oil  samples),  stoppered, 
and  thoroughly  shaken,  the  sides  were  washed  down,  and  the 
tubes  were  restoppered  and  allowed  to  stand  24  hours  in  the 
dark.  The  tubes  were  then  centrifuged  for  exactly  60  minutes 
at  1900  r.  p.  m.  at  room  temperature  in  a  centrifuge  having  a 
radius  of  swing  of  25  cm.  (10  inches)  (axis  to  tip  of  tube).  After 
determining  the  sludge  volume,  the  supernatant  oil  or  oil  solu¬ 
tion  was  carefully  pipetted  off  to  just  above  the  sludge  surface 
and  discarded.  The  sludge  layer  was  then  broken  up  and 
washed  with  100  cc.  of  86°  Be.  gasoline  except  for  the  isopentane- 
precipitated  sample,  for  which  isopentane  was  used.  After 
standing  24  hours,  the  sludge  was  filtered  through  a  Gooch 
crucible  and  further  handled  exactly  as  outlined  in  the  standard 
gravimetric  procedure.  The  same  samples  of  oil  were  also 
analyzed  according  to  the  standard  gravimetric  procedure. 

The  results  are  summarized  in  Table  VII.  It  is  apparent 
that  the  various  sludges  were  not  of  constant  density  and  that 
no  simple  relationship  exists  between  gravimetrically  and 
volumetrically  determined  sludge  according  to  this  pre¬ 
liminary  work.  Possibly,  other  time  intervals  of  centrifug¬ 
ing,  speeds,  or  radii  of  swing  might  have  given  closer  density 
values.  It  is  interesting  to  note  that  kerosene,  so  widely 
used  in  engine  experimentation  on  motor  oil  investigations, 
shows  little  agreement  with  the  straight  oil  and  in  one  case — 
the  paraffin  base  oil — gives  a  reversal  of  magnitude  for  the 
gravimetric  and  volumetric  sludges. 

Discussion 

The  excellent  methods  of  Levin  and  Towne  {12),  in  which 
undissolved  sludge  is  determined  as  the  difference  between 
sludge  precipitated  on  a  filtered  and  an  unfiltered  oil  sample, 
and  of  Hall,  Levin,  and  McMillan  (§),  which  determines 
soluble  sludge  by  propane  precipitation  of  a  filtered  oil  sample, 


Table  VII.  Volumetric  Sludge  Determinations 


Solvent 

Iso¬ 

pentane 

86°  BA 
Gasoline 

Kerosene 

No 

Solvent 

Naphthene  base  oil 

Volumetric  procedure 

%  sludge,  cc.  per  100  grams 

7.64 

5.61 

1.14 

0.16 

%  isopentane  sludge 

100.0 

73.4 

14.9 

2.1 

%  sludge,  grams  per  100 
grams 

0.67 

0.52 

0.10 

0.042 

%  isopentane  sludge 

100.0 

77.6 

14.9 

6.3 

Apparent  density  of  sludge, 
grams  per  cc. 

0.0877 

0.0927 

0.0877 

0.2625 

Gravimetric  procedure 
%  sludge 

0.75 

0.60 

%  isopentane  sludge 

100.0 

80.0 

Mid-Continent  base  oil 


Volumetric  procedure 


%  sludge,  cc.  per  100  grams 

8.41 

5.68 

1.72 

1.33 

%  isopentane  sludge 
%  sludge,  grams  per  100 

100.0 

67.5 

20.4 

15.8 

grams 

1.35 

0.92 

0.35 

0.39 

%  isopentane  sludge 
Apparent  density  of  sludge, 

100.0 

68. 1 

25.9 

28.9 

grams  per  cc. 

Gravimetric  procedure 

0.1605 

0.1620 

0.2035 

0.2932 

%  sludge 

1.64 

1.24 

%  isopentane  sludge 

Paraffin  base  oil 

Volumetric  procedure 

100.0 

75.6 

%  sludge,  cc.  per  100  grams 

5.40 

3.73 

0.50 

0.43 

%  isopentane  sludge 
%  sludge,  grams  per  100 

100.0 

63.5 

9.3 

8.0 

grams 

0.81 

0.44 

0.082 

0.12 

%  isopentane  sludge 
Apparent  density  of  sludge, 

100.0 

54.3 

10. 1 

14.8 

grams  per  cc. 

Gravimetric  procedure 

0.1500 

0.1180 

0.1640 

0.2791 

%  sludge 

0.96 

0.63 

%  isopentane  sludge 

100.0 

65. 6 

in  combination  with  the  procedures  advanced  in  this  paper, 
suggest  a  complete  scheme  of  analysis  for  used  or  oxidized 
oils.  It  is  suggested  that  the  filtration  be  carried  out  at 
25°  C.,  by  the  use  of  pressure  if  necessary,  so  that  the  results 
may  be  correlated  at  a  common  temperature,  the  effect  of 
which  has  been  pointed  out  above.  The  soluble  or  dissolved 
sludge  of  Hall,  Levin,  and  McMillan  (<*?),  when  corrected  for 
soluble  asphaltenes,  closely  resembles  the  sludge  component 
defined  earlier  as  resins.  Their  method  being  exactly  out¬ 
lined  as  to  technique  suggests  that  the  use  of  the  term  “resins” 
be  abandoned  for  the  term  “soluble  sludge”,  exactly  defined 
by  their  procedure  of  determination. 

The  combination  of  results  of  this  study  and  the  two 
methods  mentioned  in  the  foregoing  paragraph  gives  a  com¬ 
plete  and  sound  analytical  procedure  for  used  or  oxidized 
motor  oils.  The  following  determinations  are  necessary  to 
the  complete  determination  of  the  various  components: 

(а)  Asphaltenes,  carbenes,  and  carboids  as  well  as  inorganic 
materials  by  isopentane  precipitation 

(б)  Carbenes  and  carboids  as  well  as  inorganic  materials  by 
carbon  tetrachloride  precipitation 

(c)  Carboids  as  well  as  inorganic  materials  by  carbon  disul¬ 
fide 

(d)  Soluble  sludge  by  propane  precipitation  of  the  oil  ob¬ 
tained  by  evaporation  (preferably  under  vacuum)  of  the  filtrate 
from  the  isopentane  precipitation  under  a 

(e)  Dissolved  sludge  by  propane  precipitation  of  an  oil 
sample  filtered  at  25°  C.,  with  or  without  pressure 

(/)  Inorganic  material  by  ignition  of  the  precipitates  obtained 
in  a,  b,  or  c 

The  individual  components  are  then  found  as  follows: 

1.  Soluble  sludge,  determined  directly  by  d 

2.  Asphaltenes,  a  —  b 

3.  Carbenes,  b  —  c 

4.  Carboids,  c  —  / 

5.  Inorganic  material,  determined  directly  by  / 

6.  Undissolved  sludge,  a  —  e 

7.  Dissolved  sludge,  e 

The  undissolved  sludge  is  determined  according  to  the 
specifications  of  Levin  and  Towne  except  for  the  filtration  at 
25°  C.  The  dissolved  sludge,  item  7,  is  in  accord  with  the 
specifications  of  Hall,  Levin,  and  McMillan,  whereas  the 
soluble  sludge  contains  the  asphaltene  correction. 

Summary 

Of  the  filters  tested  for  sludge  filtration,  the  most  con¬ 
venient  and  reproducible  is  a  carefully  prepared  asbestos- 
filled  Gooch  crucible. 

The  solvent  or  sludge  precipitant  employed  greatly  affects 
the  amount  of  sludge  obtained  from  an  oxidized  or  used  motor 
oil.  Of  the  solvents  investigated,  the  greatest  amount  of 
sludge  is  precipitated  by  isopentane. 

The  amount  of  sludge  precipitated  is  little  affected  by  the 
time  of  standing  after  dilution. 

Temperature  has  an  appreciable  effect  on  the  precipitation 
of  sludge,  being  inversely  proportional  over  the  temperature 
range  investigated. 

The  amount  of  sludge  precipitated  increases  with  increasing 
dilution,  a  maximum  being  attained  at  25  cc.  of  isopentane 
per  gram  of  sample. 

Three  reproducible  solvents,  isopentane,  carbon  tetra¬ 
chloride,  and  carbon  disulfide,  are  recommended  which  pre¬ 
cipitate  asphaltenes,  carbenes,  and  carboids,  respectively. 
(A  fourth  reproducible  solvent  is  propane  for  soluble  sludge  as 
recommended  by  Hall,  Levin,  and  McMillan.)  These  recom¬ 
mended  solvents  comply  with  A.  S.  T.  M.  definitions  and 
general  usage  in  the  field. 

A  standard  procedure  for  sludge  precipitation  of  good  re¬ 
producibility  is  outlined. 
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An  outline  for  the  complete  determination  of  sludge  and 
sludge  components  is  presented  and  recommended. 

No  simple  relationship  between  gravimetric  and  volumetric 
sludge  appears  to  exist. 
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Laboratory  Uses  for  Surface-Active  Agents 

CHESTER  M.  ALTER  and  DEANE  S.  THOMAS,  JR.1 
Boston  University,  Boston,  Mass. 


DURING  the  past  few  years  a  large  number  of  surface- 
active  agents  have  become  available  (2).  These  sub¬ 
stances  derive  their  claim  for  unusually  wide  interest  from 
their  ability  to  lower  substantially  the  surface  tension  of 
water  and  aqueous  solutions  when  present  in  relatively  small 
concentrations.  There  are  doubtless  many  applications  of 
these  materials  in  the  analytical  laboratory;  _  one  such  use  has 
recently  appeared  in  the  literature  (I).  It  is  the  purpose  of 
this  paper  to  call  attention  to  other  uses  which  the  authors 
have  made  of  surface-active  agents. 

Quantitative  Separations  by  Centrifuging 

In  the  course  of  some  experiments  involving  the  determina¬ 
tion  of  magnesium  by  precipitation  with  8-hydroxyquinoline, 
it  was  difficult  to  separate  the  precipitate  by  means  of  the 
centrifuge.  Even  with  relatively  high  speeds,  small  crystals 
of  the  precipitate  were  held  at  the  surface  of  the  liquid  in  the 
centrifuge  tube,  making  it  impossible  to  remove  the  super¬ 
natant  liquid  without  removal  of  some  of  the  solid.  It  oc¬ 
curred  to  the  authors  that  this  annoying  surface  phenomenon 
might  be  overcome  by  reducing  the  surface  tension  of  the 
liquid.  It  was  necessary  to  do  this  without  adding  any  ap¬ 
preciable  amount  of  foreign  material  that  would  interfere 
with  the  subsequent  determination  of  the  magnesium  salt, 
which  was  to  be  done  colorimetrically.  Some  of  the  new 
surface-active  agents  were  tried  and  found  successful  for  this 
purpose.  The  direct  addition  of  one  drop  of  Tergitol  7 
(manufactured  by  the  Carbide  and  Carbon  Chemicals  Cor¬ 
poration)  to  the  centrifuge  tube  containing  10  ml.  of  the  sus¬ 
pended  magnesium  salt  was  sufficient  to  cause  the  solid  to  be 
completely  settled  by  slight  centrifugation. 

It  is  apparent  that  the  procedure  outlined  above  is  appli¬ 
cable  to  many  analytical  methods.  It  should  be  especially 
helpful  in  microanalytical  work  where  quantitative  separation 
by  centrifugation  is  very  often  used.  One  of  the  authors  has 
found  it  often  applicable  in  routine  separations  in  semimicro¬ 
methods  of  qualitative  analysis. 

1  Present  address,  Eastman  Kodak  Company,  Rochester,  N".  Y 


Creeping  Precipitates 

Certain  finely  divided  precipitates  handled  in  quantitative 
analysis  have  a  tendency  to  creep  up  the  walls  of  the  container 
causing  annoyance  and  possible  error  in  many  analytical  pro- 
cedures.  Calcium  oxalate  is  especially  offensive  in  this  re- 
spect.  If  the  surface  tension  of  the  solution  is  lowered  by 
the  addition  of  a  surface-active  agent  such  as  one  of  the  Tergi- 
tols,  this  difficulty  is  remarkably  decreased. 

If  the  agent  is  added  previous  to  the  time  of  precipitation, 
crystal  growth  is  inhibited  by  the  adsorption  of  the  large  polar 
molecule.  A  precipitate  of  calcium  oxalate  thus  formed  will 
pass  through  the  ordinary  quantitative  filter  paper.  If  the 
agent  is  added  after  precipitation  and  digestion,  the  particles 
of  precipitate  will  remain  large  and  easily  filterable,  the  creep¬ 
ing  tendency  is  almost  completely  overcome,  and  transfer  of 
the  precipitate  is  easily  accomplished.  The  concentration  of 
Tergitol  necessary  is  not  great  enough  to  cause  appreciable 
error  in  the  ordinary  determination  of  calcium  if  gravimetric 
methods  are  to  be  used.  If  the  volumetric  method  is  used  for 
the  determination  of  the  calcium  oxalate,  no  error  should  be 
expected. 

Stabilizing  Suspensions 

In  nephelometric  and  turbidimetric  analysis  one  of  the  ex¬ 
perimental  difficulties  encountered  is  the  settling  of  the  sus¬ 
pensions.  Often  it  is  desirable  to  stabilize  such  suspensions 
in  order  to  make  consistent  determinations.  Some  of  the 
surface-active  agents  are  particularly  well  adapted  for  this 
purpose,  since  they  are  active  in  such  low  concentrations— 
for  instance,  the  life  of  a  silver  chloride  opalescence  as  used  in 
nephelometric  measurements  is  increased  twenty  fold  by  the 
addition  of  a  small  amount  of  Tergitol. 

There  are  doubtless  many  other  applications  of  such  ma¬ 
terials  in  the  laboratory,  but  these  three  will  suffice  to  indicate 
that  surface-active  agents  are  useful  reagents  to  keep  on  the 
laboratory  shelf. 
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Detection  and  Determination  of  Ethylene 
Glycol  in  Lubricating  Oil 
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A  method  is  described  for  the  detection  of 
ethylene  glycol  in  crankcase  oil  based  on 
isolation  of  the  ethylene  glycol  by  distil¬ 
lation,  and  identification  by  means  of 
physical  properties.  The  test  is  specific  for 
ethylene  glycol  and  can  be  made  quantita¬ 
tive  in  the  absence  of  other  high-boiling 
antifreezes,  as  is  usually  the  case. 

THE  analysis  of  automobile  crankcase  oil  for  antifreeze 
materials  is  sometimes  necessary  in  order  to  determine 
if  leakage  of  engine  cooling  solution  into  the  crankcase  has 
occurred.  Such  analyses  are  important  in  determining 
whether  antifreeze  materials  bring  about  crankcase  sludge 
formation  as  much  as  does  water  alone. 

The  most  common  antifreeze  materials  in  use  today  are 
methanol,  ethanol,  and  ethylene  glycol,  although  glycerol, 
diethylene  glycol,  propylene  glycol,  isopropanol,  inorganic 
salts,  sugars,  and  glycol  derivatives  are  also  used  to  a  certain 
extent.  While  specific  methods  for  the  identification  of  metha¬ 
nol  and  ethanol  in  oil  are  known  (4),  no  satisfactory  procedure 
has  been  described  which  may  be  used  for  the  specific  detec¬ 
tion  or  determination  of  ethylene  glycol  in  crankcase  oil.  The 
spot  test  of  Feigl  (2)  responds  to  other  polyhydric  alcohols 
such  as  glycerol,  and  even  to  oil  decomposition  products,  as 
shown  by  the  authors’  tests;  tests  relying  on  the  oxidation 
of  ethylene  glycol  to  oxalic  acid  (4,  5,  7)  also  give  positive 
reactions  with  other  polyhydric  alcohols,  and  this  procedure 
is  further  complicated  by  the  fact  that  oxalic  acid  may  be 
present  in  the  oil,  since  it  is  used  as  a  cooling  system  cleaner; 
the  mercuric  iodide  method  of  Fleury  and  Marque  ( 8 )  is 
quantitatively  accurate  under  certain  conditions  but  cannot 
be  used  for  qualitative  tests  owing  to  its  complete  lack  of 
specificity.  Other  methods  described  in  the  literature  have 
been  investigated  by  the  authors  and  found  unsatisfactory. 


Table  I.  Physical  Properties  of  Antifreeze  Liquids 

Specific  Boiling 

Gravity,  Point, 

Substance 

Refractive  Index 

20°  C./200  C. 

°C. 

Glycerol 

Ethylene  glycol 

1.473  (25°  C.) 

1.264 

290 

1.430  (25°  C.) 

1.1155 

197 

Diethylene  glycol 
Propylene  glycol 

1.446  (25°  C.) 

1.1185 

245 

1.429  (27°  C.) 

1.0381 

187 

To  circumvent  the  difficulties  met  with  in  these  chemical 
tests,  they  employ  the  fundamental  method  of  isolating  the 
antifreeze  component  from  the  oil  and  identifying  the  ma¬ 
terial  by  means  of  its  physical  properties.  The  glycol  is  sepa¬ 
rated  from  the  oil  by  a  xylene  distillation,  the  distillate  is 
fractionated,  and  the  boiling  point,  specific  gravity,  and  re¬ 
fractive  index  of  the  ethylene  glycol  fraction  thus  isolated  are 
determined. 

Procedure 

To  a  100-ml.  sample  of  the  oil  to  be  tested  100  ml.  of  xylene 
are  added,  and  the  mixture  is  distilled  for  2  hours  according  to 
A.  S.  T.  M.  Designation  D95-30,  using  the  apparatus  described 
(1).  One  gram  of  sodium  carbonate  should  be  added  to  the  oil 
before  the  distillation  if  any  calcium  chloride  or  oxalic  acid  is 
detected. 


It  is  desirable  to  add  the  sodium  carbonate  only  if  the  calcium 
chloride  or  oxalic  acid  is  detected,  since  this  addition  prolongs 
the  time  of  distillation.  The  lower,  aqueous  layer  of  the  distillate 
is  fractionated  in  a  small  column  to  separate  the  ethylene  glycol 
from  water  and  other  materials,  using  microequipment  ( 6 )  if' 
the  ethylene  glycol  concentration  proves  low. 

If  only  one  high-boiling  antifreeze  material  is  present,  as  is 
usually  the  case,  this  is  immediately  evidenced  by  the  distillation. 
If  the  distillation  indicates  the  presence  of  more  than  one  high- 
boiling  antifreeze,  it  may  be  necessary  to  resort  to  a  series  of  care¬ 
ful  mierofractionations  in  order  to  separate  the  ethylene  glycol 
fraction,  but  fortunately  this  is  rarely  the  case.  In  either  event, 
the  ethylene  glycol  is  finally  identified  by  determining  the  specific 
gravity  and  refractive  index  of  the  fraction  boiling  in  the  range 
195°  to  200°  C.  (Table  I).  The  volume  of  ethylene  glycol  is  some¬ 
times  so  small  that  standard  microtechnique  must  be  used  to 
determine  the  specific  gravity. 

The  entire  method  may  be  made  quantitative,  in  case  only  one 
high-boiling  antifreeze  is  present  in  the  distillate,  by  measuring 
the  volume  and  refractive  index  (or  volume  and  specific  gravity) 
of  the  aqueous  solution  obtained  from  the  xylene  distillation 
(cf.  Table  II,  unpublished  data). 


Table  II. 

Physical  Properties  of  Aqueous  Ethylene 
Glycol  Solutions 

Specific  Gravity,  Refractive 

Weight  % 

15°  C./15°  C. 

Index  (20°  C.) 

10 

1.0132 

1 . 3430 

20 

1.0272 

1.3525 

30 

1.0411 

1.3626 

40 

1.0550 

1.3728 

50 

1.0686 

1.3828 

60 

1.0812 

1.3930 

70 

1.0924 

1.4033 

80 

1 . 1026 

1.4136 

90 

1.1111 

1.4239 

If  more  than 

one  high-boiling  antifreeze  is 

present  in  the  d 

tillate,  this  quantitative  method  cannot  be  used,  but  the  approxi¬ 
mate  glycol  content  can  still  be  ascertained  by  measuring  the 
volume  of  the  ethylene  glycol  cut  during  the  subsequent  micro- 
fractionation. 

Results 

To  demonstrate  the  reliability  of  the  qualitative  method, 
samples  of  fresh  and  used  lubricating  oil  containing  known 
amounts  of  ethylene  glycol  were  analyzed.  The  following 
antifreeze  materials  and  contaminants  have  been  shown  not 
to  interfere  with  the  method:  calcium  chloride,  oxalic  acid, 
glycerol,  sugar,  and  diethylene  glycol.  These  tests  were  made 
with  twice  as  much  interfering  substance  as  ethylene  glycol 
present.  Later  tests  have  shown  that  ethylene  glycol  may  be 
positively  identified  in  the  presence  of  much  larger  quantities 
of  propylene  glycol,  diethylene  glycol,  and  methyl  and  ethyl 
Cellosolves.  In  these  tests  as  little  as  0.15  per  cent  of  ethylene 
glycol  was  detected  in  the  oil.  In  general,  the  sensitivity  of 
the  method  may  be  further  increased  by  taking  larger  than 
100-ml.  samples  of  the  oil  for  distillation. 


Table  III. 

Analysis  of  Lubricating  Oil  for  Ethylene 
Glycol 

Ethylene  Glycol  Recovered 

Oil  Sample 

Ethylene  Glycol 

By  refractive 

By  specific 

Taken 

Added 

index 

gravity 

Cc. 

Grams 

Grams 

Grams 

100 

5.36 

5.4 

5.3 

100 

5.36 

5.4 

5.5 

100 

5.36 

5.4 

5.4 

100 

0.112 

0.10 

0.10 

100 

0.107 

0.10 

0.10 

100 

0.00 

0.00 

0.00c 
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To  demonstrate  the  accuracy  of  the  quantitative  method, 
representative  results  are  given  in  Table  III  for  both  new 
and  used  oils,  to  which  aqueous  glycol  solutions  were  added 
in  the  amounts  indicated.  This  quantitative  determination 
is  possible  only  in  the  absence  of  high-boiling  antifreezes 
other  than  ethylene  glycol. 
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Nomograph  for  Correction  of  Lactometer 
Readings  and  Calculation  of  Milk  Solids 

LINCOLN  M.  LAMPERT 

Dairy  Service  Laboratory,  State  Department  of  Agriculture,  Sacramento,  Calif. 


IN  THIS  country  the  routine  calculation  of  the  solids-not- 
f  at  or  of  total  solids  in  a  sample  of  milk  usually  is  made  by 
means  of  a  formula  based  upon  the  Babcock  fat  test  and  a 
Quevenne  lactometer  reading.  The  simplified  Babcock  for¬ 
mula  (10)  generally  is  used,  in  which 

lactometer  reading  at  60°  F.  .  per  cent  fat 
Solids-not-fat  =  - -4  r  5 


A  statistical  study  (6)  of  this  formula  showed  that  its  ac¬ 
curacy  increases  as  the  number  of  cows  contributing  to  the 
milk  is  increased.  The  estimation,  however,  is  only  ap¬ 
proximate,  and  its  use  as  such  is  understood  by  milk  inspec¬ 
tion  departments  and  dairy  officials.  Variations  from  gravi¬ 
metric  results  for  the  solids-not-fat  may  deviate  by  0.2  per 

cent  or  more.  ,  , 

Investigations  have  shown  that  the  physical  state  of  the 
fat  globules  in  the  milk  affects  its  density,  and  for  the  most 
accurate  work  this  characteristic  of  the  fat  globules  must  be 
taken  into  consideration.  Bakke  and  Honegger  ( 1 )  made  a 
thorough  investigation  of  this  problem  and  devised  a  method 
for  securing  a  uniform  basis  for  the  comparison  of  lactometer 
readings.  Their  method,  which  has  been  overlooked^  by 
many  American  investigators,  is  to  heat  the  milk  to  40  C. 
(104°  F.),  cool  to  15°  C.  (59°  F.),  and  make  the  lactometer 
reading  as  usual.  By  this  method  consistent  results  are  ob¬ 
tained  on  a  sample  of  milk,  whether  it  is  fresh,  has  been  held  at 
room  temperature  or  in  a  refrigerator,  or  has  been  subjected 
to  various  degrees  of  agitation.  Without  this  preliminary 
treatment,  the  same  milk  gives  widely  different  lactometer 
readings  under  these  diverse  conditions.  Hoyt,  Lampert, 
et  al.  (4)  corroborated  these  findings  and  pointed  out  other 
factors  involved  in  the  use  of  the  lactometer.  This  and  other 
work  was  recently  reviewed  by  Lampert  (5). 

Sharp  and  Hart  ( 9 )  recommend  that  density  readings  be 
made  when  the  fat  globules  are  in  the  liquid  state.  According 
to  their  method,  the  milk  is  heated  to  45°  C.  (110°  F.)  for  0.5 
minute,  and  cooled  to  30°  C.  (86°  F.),  and  the  total  solids  are 
estimated  from  the  specific  gravity  according  to  the  equation 


Total  solids  = 


1.2537  fat  +  0.2680 


lactometer  reading 
sp.  gr.  of  milk 


It  is  generally  conceded  that  the  only  reason  for  the  use  of 
the  lactometer  is  the  speed  and  convenience  with  which  a  very 
good  approximation  of  the  solids  content  may  be  obtained. 
Long  usage  has  established  the  Babcock  formula,  and  pub¬ 


lished  data  show  that  the  results  obtained  with  it  are  as  satis¬ 
factory  as  those  obtained  with  the  other  more  complicated 
procedures,  which,  theoretically  at  least,  appear  more  valid. 
Sharp  and  Hart  found  that  their  calculated  and  gravimetric 
determinations  may  differ  by  0.30  per  cent  and  Hoyt,  Lampert, 
et  al  (4)  found  that  the  Bakke  and  Honegger  method  on 
mixed  herd  milk  varied  between  +0.13  and  —0.26  per  cent 
from  gravimetric  results. 

Most  textbooks  and  manuals  (2)  contain  tables  that  serve 
to  eliminate  the  calculation  required  by  the  Babcock  formula. 
Two  sets  of  tables  are  needed,  since  the  lactometer  reading 
often  is  not  made  at  exactly  60°  F.  and  therefore  requires  a 
correction.  The  second  table  gives  the  solids-not-fat  corre¬ 
sponding  to  a  given  lactometer  reading  at  60  0  F.  These  tables 
take  into  consideration  the  fact  that  the  corrections  involved 
vary  with  the  temperature  at  which  the  lactometer  reading  is 
made  as  well  as  with  the  specific  gravity  of  the  milk.  At  least 
three  different  slide  rules  have  been  made  for  this  calculation, 
but  they  are  not  in  common  use.  One  of  these,  Richmond’s 
“milk  scale”  (8),  is  based  upon  a  formula  not  often  used  in  the 
United  States  since  it  gives  results  0.14  per  cent  higher  than 
those  obtained  by  Babcock’s  formula.  In  general,  slide  rules 
and  tables  give  corrections  for  temperatures  ranging  from 
about  35°  to  80°  F.,  but  the  preferred  practice  is  to  obtain 
a  lactometer  reading  at  a  temperature  of  between  55°  and 

65°  F.  ,  , 

As  far  as  the  writer  has  been  able  to  learn,  no  nomograph 

has  been  devised  to  replace  the  use  of  tables.  Such  a  nomo¬ 
graph  would  have  decided  advantages,  especially  when  many 
calculations  are  to  be  made.  The  nomograph  is  easier  and 
quicker  to  read  than  tables  and  eliminates  the  interpolations 
needed  to  obtain  the  corrections  if  the  lactometer  is  read  to 
parts  of  a  whole  degree  or  if  the  fat  reading  is  made  to  less  than 
0.1  per  cent,  the  limit  in  most  tables.  To  this  end,  the  nomo¬ 
graph  illustrated  was  constructed  and  has  been  found  very 

satisfactory.  .  ,  . 

Since  the  nomograph  is  constructed  from  data  in  the  tables, 
it  cannot  give  results  more  accurate  than  those  in  the  tables 
or  obtained  by  formulas  which  in  themselves  are  based  upon 
the  average  analysis  of  many  samples  of  milk.  The  principal 
advantages  in  its  use  are  facility  and  speed  and  the  fact 
that  it  may  be  printed  on  a  single  page. 

In  using  the  nomograph,  two  readings  must  be  made  by 
means  of  a  straightedge,  or  better,  a  transparent  celluloid 
guide  with  a  line  drawn  down  its  length.  First  the  lactometer 
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reading  must  be  corrected  from  that  of  the  temperature  of  ob¬ 
servation  to  that  at  60°  F.,  and  then  the  solids-not-fat  are 
found,  corresponding  to  the  fat  reading  previously  obtained. 

For  example,  to  find  the  solids-not-fat  in  a  sample  of  milk  which 
showed  a  lactometer  reading  of  30  at  67°  and  contained  4.2  per 
cent  of  fat,  place  the  guide  line  so  that  it  passes  through  67° 
on  line  5  and  through  30  on  line  3.  The  corrected  lactometer 
reading  is  shown  where  the  guide  passes  through  line  1 — namely, 
30.9.  Then  with  one  end  of  the  guide  at  30.9  let  it  pass  through 
4.2  on  fine  4;  on  line  2  the  guide  passes  through  8.60 — the  per 
cent  of  solids-not-fat  in  the  sample.  The  results  obtained  with 
the  nomograph  have  been  found  to  differ  less  than  0.02  from 
those  given  by  the  tables. 

The  Quevenne  type  of  lactometer  is  almost  universally 
used  in  the  United  States,  but  in  a  few  localities,  especially 
in  New  York  State,  the  New  York  Board  of  Health  or  Spence’s 
lactometer  is  still  in  use.  This  use  appears  so  limited  (7) 
that  the  writer  did  not  consider  it  advisable  to  complicate  the 
nomograph  with  another  set  of  figures.  The  conversion  of  the 
nomograph  for  use  with  Spence’s  scale  is  very  simply  done  by 
supplementing  or  substituting  the  equivalent  Spence’s  degrees 


for  the  Quevenne  degrees  shown  on  scales  1  and  3.  Conver¬ 
sion  figures  are  published  in  a  number  of  texts  (S). 

Richmond’s  formula  for  obtaining  the  total  solids  appears 
to  be  generally  accepted  in  British  practice.  The  solids-not- 
fat  corresponding  to  this  formula  may  be  obtained  by  adding 
0.14  to  the  result  found  with  the  nomograph,  or  the  chart 
could  be  constructed  with  line  2  shifted  a  space  corresponding 
to  0.14  per  cent,  thus  eliminating  further  calculation. 
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Studies  of  Organic  Reagents  and  Methods 

Involving  Their  Use 

Qualitative  Reactions  of  Salicylaldoxime  and  Its  5-Chloro,  3,5-Dibromo, 
and  5-Nitro  Derivatives  with  Inorganic  Ions 

JOHN  F.  FLAGG1  AND  N.  HOWELL  FURMAN 
Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


SALICYLALDOXIME  was  proposed  by  Ephraim  U)  as 
a  reagent  for  the  gravimetric  estimation  of  copper. 
Several  important  papers  appeared  subsequently  ( 1 ,  3,  5,  6, 
14,  15)  dealing  with  the  reaction  in  greater  detail  and  de¬ 
scribing  the  separation  of  copper  from  other  elements.  The 
reagent  has  also  been  found  useful  for  the  determination  of 
lead  (9,  10)  and  palladium  (8).  An  unsuccessful  attempt  to 
utilize  salicylaldoxime  in  the  estimation  of  zinc  has  been  re¬ 
ported  (13).  Indirect  volumetric  methods  for  copper,  nickel, 
and  palladium  have  been  based  upon  the  properties  of  their 
salicylaldoxime  compounds  (7,  16).  The  polarimetric  titra¬ 
tion  of  copper  with  salicylaldoxime  has  been  studied  (12). 

The  aim  of  the  present  investigation  was  to  collect  the  scat¬ 
tered  facts  about  the  reactions  of  various  inorganic  ions  with 
salicylaldoxime  and  by  confirmatory  and  supplementary  ex¬ 
periments  to  gain  a  more  complete  picture  of  the  possible 
qualitative  and  quantitative  applications  of  the  reagent. 
Three  substituted  salicylaldoximes  were  prepared— namely, 
the  5-chloro,  the  3,5-dibromo,  and  the  5-nitro  derivatives— 
in  order  to  test  the  effect  of  modification  of  the  reagent.  The 
reactions  of  the  four  compounds  were  determined  for  nearly 
all  the  inorganic  ions  that  are  encountered  in  analytical  sys¬ 
tems.  Comparative  studies  were  made  of  the  sensitivities  of 
salicylaldoxime  and  the  5-chloro  and  5-nitro  derivatives  in 
the  detection  of  copper,  nickel,  bismuth,  and  lead. 

Reagents 

Salicylaldoxime.  The  crude  oxime,  prepared  by  the  inter¬ 
action  of  salicylaldehyde  and  hydroxylamine  hydrochloride, 
both  obtained  from  the  Eastman  Kodak  Company,  was  re¬ 
crystallized  first  from  benzene  and  then  from  petroleum  ether 
containing  a  little  benzene;  its  melting  point  was  57  C.  (un¬ 
corrected),  which  is  the  reported  temperature  for  the  pure  com- 

P  A  fresh  solution  of  the  oxime  dissolved  in  alcohol  and  diluted 
to  contain  1  gram  of  oxime  and  5  ml.  of  alcohol  per  100  ml.  was 
used  in  the  tests. 

For  tests  in  which  the  presence  of  chloride  was  not  misleading, 
salicylaldehyde  and  hydroxylamine  hydrochloride  were  allowed 
to  react  in  alcoholic  solution,  and  the  resulting  mixture  was  di¬ 
luted  to  contain  1  gram  of  the  oxime  and  9  ml.  of  alcohol  per  100 

5-Chlorosalicylaldoxime.  This  compound  was  prepared 
according  to  directions  given  in  Beilstein’s  Handbuch  (2).  The 
intermediate  5-chloro  aldehyde  melted  at  95-97°  C.  (uncorrected) 
as  compared  with  the  reported  melting  point  of  98°  C.  The  5- 
chlorosalicylaldoxime  prepared  from  the  aldehyde  melted  at 
123-124°  C.  The  reported  temperatures  are  122°  and  128°  C.  (2). 

Because  of  the  smaller  solubility  of  this  compound  the  test 
solution  contained  0.5  gram  of  the  oxime  and  25  ml.  of  alcohol 
per  100  ml. 

3,5-Dibromosalicylaldoxime.  The  3,5-dibromo  aldehyde 
that  was  prepared  according  to  Beilstein  (2)  melted  at  82-83°  C. 
(uncorrected);  reported,  82°  C.  Eight  grams  of  this  aldehyde 
dissolved  in  100  ml.  of  alcohol  and  2  grams  of  hydroxylamine 
hydrochloride  in  a  little  water  were  allowed  to  react  for  an 
hour  at  about  90°  C.  The  oxime  precipitated  upon  adding  300 
ml.  of  cold  water.  The  dried  product  did  not  melt  sharply  but 
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began  to  decompose  at  210°  and  was  somewhat  charred  at  220  C. 

A  partial  analysis  of  the  compound  was  made  by  the  semimicro- 
method  of  ter  Meulen  and  Hesslinga  (11).  Carbon:  found, 
28.27,28.37;  calculated,  28.50  per  cent.  Hydrogen:  found,  1.78, 
1.78;  calculated,  1.71  per  cent. 

The  solubility  of  the  compound  is  so  slight  that  1  gram  of  the 
oxime  dissolved  in  75  ml.  of  alcohol  was  diluted  to  100  ml.  to 
make  the  test  solution.  . 

5-Nitrosalicylaldoxime.  The  directions  in  Beilstein  (2) 
were  used  in  preparing  5-nitrosalicylaldehyde,  which  melted  at 
123-125°  C.  (uncorrected)  as  compared  with  126°  C.  reported 
(2).  Two  grams  of  the  aldehyde  in  25  ml.  of  alcohol  and  0.82 
gram  of  hydroxylamine  hydrochloride  dissolved  in  a  little  water 
formed  immediately  a  heavy  white  precipitate  which  was  filtered, 
washed,  and  dried.  The  product  melted  at  220-223  C.  (un¬ 
corrected)  with  some  decomposition  apparent.  A  partial  analysis 
was  made  by  the  semimicromethod  (11).  Carbon:  found,  45.90, 
46.01;  calculated,  46.16  per  cent.  Hydrogen:  found,  3.51,  3.39; 
calculated,  3.32  per  cent. 

The  test  solution  contained  0.24  gram  of  the  oxime  and  60  mi. 
of  alcohol  per  100  ml. 

Solutions  of  Inorganic  Substances.  The  solutions  were 
made  up  from  salts  of  reagent  grade,  in  some  cases  previously 
tested  in  local  investigations.  The  concentrations  were  such  as 
to  give  closely  1  mg.  per  ml.  of  ion  to  be  tested  for.  Tests  for 
many  of  the  rarer  ions  were  made  at  the  University  of  Virginia. 

Method  of  Testing 

In  the  survey  of  the  qualitative  reactions  of  the  various  ions 
that  was  made  in  this  laboratory,  1  ml.  of  the  reagent  solution  was 
added  to  10  ml.  of  the  solution  to  be  tested.  In  so  far  as  the  solu¬ 
bility  relations  would  permit,  each  ion  was  tested  with  each 
reagent  in  neutral,  slightly  acid,  and  ammoniacal  solutions,  ihe 
so-called  neutral  solutions  were  those  obtained  by  dissolving  the 
pure  salts  in  water.  Subsequent  to  this  first  survey  and  prior  to 
the  revision  of  this  paper,  numerous  pH  measurements  were  made 
of  the  ranges  for  the  precipitation  of  various  ions  with  salicyl¬ 
aldoxime.  The  pH  measurements  were  made  with  a  Beckman 
glass  electrode  pH  meter. 

Tests  of  the  reactions  of  many  of  the  rarer  ions  were  made  by 
J.  H.  Yoe  and  L.  G.  Overholser  at  the  University  of  Virginia, 
and  their  results  communicated  to  the  authors.  Their  procedure 
involved  the  treatment  on  a  spot  plate  of  0.05  ml.  of  test  solution 
with  1  to  2  drops  of  a  1  per  cent  solution  of  each  reagent,  with  ade¬ 
quate  concentration  of  alcohol  to  hold  the  oxime  in  solution. 
After  first  testing,  when  possible,  in  neutral  solution  the  mixture 
was  acidified  with  1  drop  of  0.3  N  hydrochloric  acid,  and  then 
after  time  to  permit  reaction  to  occur,  the  solution  was  made 
ammoniacal  by  adding  2  drops  of  0.3  N  ammonia. 

Experimental  Observations 

The  data  with  regard  to  the  principal  reactions  of  salicyl¬ 
aldoxime  are  summarized  in  Table  I,  which  is  based  on  both 
observations  made  in  this  investigation  and  the  published 
observations  of  others. 

Ceric  solutions  and  bichromate,  the  latter  after  long  action, 
give  brown  precipitates  which  appear  to  be  oxidation  products 
of  the  oxime.  An  experiment  in  which  approximately  0.1 
gram  of  ceric  oxide  might  have  been  expected,  if  the  precipi¬ 
tate  were  a  ceric  compound,  gave  0.0006  gram  of  nonvolatile 
matter  upon  igniting  the  filter.  Only  a  faint  cerium  reaction 
was  obtained  from  this  residue.  The  brown  precipitates  are 
gelatinous  and  very  difficult  to  wash.  Auric  ion  was  reported 
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Table  I. 

Ions  Which  Yield 

Color  of 

pH  of  Initial 

Ion 

Precipitate 

Turbidity 

Ag  *a 

Yellowish  white 

6.3 

pb  +  +a 

Yellow 

5.0 

Hg  +  +a 

Light  yellow 

5.3 

Cu  +  +a 

Greenish  yellow 

Acid  solution 

Cd  ++° 

Pale  yellow 

About  7 

Bi  +  +  + 

Bright  yellow 

6.7-7 

Mn  +  +a 

Green  to  brown 

8. 8-8. 9 

Fe  +  +a 

Brown 

6 . 8-7 . 0 

Co  +  +a 

Brown 

5 . 3-5 . 6 

Ni  +  +“ 

Green 

3.3  (S) 

Zn  +  +a 

Light  yellow 

6. 2-6. 5 

Pd  +  + 

Yellow 

Acid  solution 

Mg  +  + 

Light  yellow 

Slightly  ammoniacal 

vor 

Black 

Acid  solution 

“  Formation  of  precipitates  of  these  ions  first  noted 

Remarks 

Soluble  in  acetic  acid,  and  in  ammonia  at  pH  7.5  to  8.0 
Soluble  in  excess  of  NaOH 
Insoluble  in  excess  of  NaOH 
Complete  above  pH  2.6  ( 3 ) 

Gelatinous;  soluble  in  excess  of  ammonia 
Stable  to  at  least  pH  9.4  and  probably  beyond.  In¬ 
soluble  in  excess  of  ammonia 
Soluble  in  a  large  excess  of  ammonia  or  of  NaOH 
Soluble  in  excess  of  alkali 
Dissolves  at  about  pH  9.4 

Complete  from  pH  7  to  9 . 9.  Soluble  in  coned.  NH4OH  (3) 
Dissolves  in  ammonia  at  pH  8.8  to  9.4 
Reported  to  be  quantitative  in  solutions  containing  free 
sulfuric  acid  (7) 

Not  quantitative 

Best  range  0 . 05-1 . 0  N  but  at  most  60  to  70  per  cent  of  V 
is  precipitated 


Table  II.  Positive  Reactions  of  Salicylaldoxime  and  Its  Derivatives 


illumination  after  15  minutes. 
Acetic  acid  or  ammonium 
hydroxide  was  added  to  ad¬ 
just  the  pH  to  the  proper 
range.  The  solutions  of  the 
metals  were  prepared  by 
careful  dilution  of  standard¬ 
ized  solutions. 

Salicylaldoxime  and  5- 
nitrosalicylaldoxime  are  of 
about  equal  sensitivity  for 
the  detection  of  copper,  lead, 
and  nickel,  but  the  former  is 
the  most  sensitive  of  the 
reagents  in  the  detection 
of  bismuth.  The  5-chloro 
compound  offers  no  advan¬ 
tages. 


(General  conditions  as  in  Table  I) 

Substance  5-Chlorosalicyl-  3,5-Dibromosalicyl-  5-Nitrosalicyl- 


Tested 

Salicylaldoxime 

aldoxime 

aldoxime 

aldoxime 

Ag  + 

Yellow-white  ppt. 

Yellow-white  ppt. 

Inconclusive  a 

Red  ppt. 

Pb  +  + 

Yellow  ppt. 

Yellow  ppt. 

Yellow  ppt. 

Orange  ppt. 

Hg  +  + 

Light  yellow  ppt. 

White  ppt. 

Inconclusive 

Light  yellow  ppt. 

Cu  +  + 

Greenish-yellow  ppt. 

Light  brown  ppt. 

Green-brown  ppt. 

Green-yellow  ppt. 

Cd  +  + 

Pale  yellow  ppt. 

Pale  yellow  ppt. 

Inconclusive 

Pale  yellow  ppt. 

Bi  +  +  + 

Bright  yellow  ppt. 

Bright  yellow  ppt. 

Inconclusive 

Orange  ppt. 

Mn  +  + 

Green-brown  ppt. 

Green-brown  ppt. 

Inconclusive 

Green-brown  ppt. 

Fe  +  + 

Brown  ppt. 

Green-brown  ppt. 

Inconclusive 

Green-brown  ppt. 

Fe  +  +  + 

Red  color 

Blue  color 

Inconclusive 

Violet  color 

Co  +  + 

Brown  ppt. 

Brown  ppt. 

Orange  ppt. 

Green  ppt. 

Ni  +  + 

Green  ppt. 

Green  ppt. 

Green  ppt. 

Brownish-yellow  ppt. 

Zn  +  + 

Light  yellow  ppt. 

Light  yellow  ppt. 

Inconclusive 

Yellow  ppt. 

Pd  +  + 

Yellow  ppt. 

Yellow  ppt. 

Not  tested 

Yellow  ppt. 

OsC>4 

Orange  color  or  ppt. 

Orange  color 

Not  tested 

Orange  color 

Mg  +  + 

Light  yellow  ppt. 

Light  yellow  ppt. 

Inconclusive 

Yellow  ppt. 

vo3- 

Black  ppt. 

Black  ppt. 

Inconclusive 

Black  ppt. 

UOs  +  + 

Orange  color 

Orange  color 

Brown  ppt. 

Orange  color 

Ce++++ 

Brown  ppt. 

Light  brown  ppt. 

Inconclusive 

Red-brown  ppt. 

Au  +  +  + 

Brown  ppt. 

Brown  ppt. 

Not  tested 

Yellow  ppt.  (reagent?) 

°  Inconclusive  indicates  that  test  was  rendered  doubtful  by  precipitation  of  reagent  itself. 


Discussion 

The  introduction  of  a 
single  chloro  or  nitro  group 
into  salicylaldoxime  does  not 
alter  the  properties  of  the 
compound  as  a  reagent  for 
inorganic  ions  to  any  marked 
degree.  The  colors  of  cer¬ 
tain  compounds  of  the  5- 
nitro  oxime  are  more  vivid — 
for  example,  the  silver 
salt.  The  color  given  by  the 
5-chloro  compound  with 
ferric  iron  is  noteworthy. 
The  introduction  of  two 
bromine  atoms  into  the  sali- 


by  Holtzer  (S)  to  give  a  brown-violet  precipitate  which  turned 
dark  blue. 

Color  Reactions.  Ferric  ion  gives  a  red  color  with  the 
reagent  in  neutral  or  acidified  solution.  Osmium  tetroxide 
solution  gives  an  orange  color  with  the  reagent  only  in  alkaline 
solution.  Gahide  (7)  reported  the  formation  of  an  orange  pre¬ 
cipitate  in  this  case.  Uranyl  ion  gives  an  orange  color  in  an 
alkaline  solution  of  the  reagent. 

The  ions  of  the  elements  that  are  listed  below  were  tested 
in  neutral,  slightly  acid,  and  ammoniacal  solution  whenever  a 
solution  could  be  obtained  in  such  pH  ranges.  Each  ion  was 
tested  with  salicylaldoxime  and  the  5-chloro  and  5-nitro  de¬ 
rivatives.  Owing  to  the  slight  solubility  of  the  3,5-dibromo 
oxime,  only  a  partial  study  of  its  reactions  could  be  made  (see 
Table  II) .  In  no  case  was  a  definite  positive  reaction  obtained 
with  any  of  the  following:  Li,  Na,  K,  Rb*,  Cs*,  Be,  Ca,  Sr, 
Ba,  B,  Al,  Sc*,  Yt*  La*,  Ce111,  Pr*,  Nd*,  Sm*,  Eu*,  Gd*, 
Dy*,  Er*,  Tm*,  Yb*,  Ga*,  In*,  Tl111*,  Ti,  Zr*,  Hf*,  Th. 
Ge04— ,  Sn  H-IV,  VO++,  Cb*,  Ta*,  AsIir<v,  Sbm>v,  Crm,  MoVI, 
WVI,  Se04— ,  Te04— ,  Mn04~,  Re04~  IrIV*,  PtIV*,  Ru111*, 
and  Rhm*.  (The  tests  for  ions  marked  with  an  asterisk  were 
made  by  Yoe  and  Overholser  at  the  University  of  Virginia.) 

The  various  reagents  react  with  substantially  the  same 
list  of  ions  and  under  approximately  the  same  conditions  of 
pH.  In  some  cases  there  is  a  distinctive  difference  in  color, 
as  may  be  seen  from  Table  II. 

The  relative  limits  of  detection  of  the  four  metallic  ions 
were  found  for  each  of  the  three  reagents  (Table  III).  The 
3,5-dibromo  derivative  was  not  tested  because  the  insolubility 
of  the  compound  itself  renders  the  tests  doubtful.  In  each 
case  10  ml.  of  the  solution  to  be  tested  were  treated  with  0.5 
ml.  of  the  solution  of  the  reagent,  and  observed  with  suitable 


cylaldoxime  molecule  pro¬ 
duces  a  compound  that  is  unsuited  for  qualitative  or  quanti¬ 
tative  applications. 


Table  III.  Limits  of  Detection 


(Expressed  in  parts  of  metal  per  number  of  ml.  of  solution) 


Cation 

Salicylaldoxime 

5-Chlorosalicyl- 

aldoxime 

5-Nitrosalicyl- 

aldoxime 

Cu  +  + 

1:2,000,000 

1:500,000 

1:2,000,000 

Pb  +  + 

1:50,000 

1: 10,000 

1 : 50,000 

Ni  +  + 

1:3,000,000 

1: 1,000,000 

1:3,000,000 

Bi  +  +  + 

1:250,000 

1:100,000 

1:100,000 

Summary 

The  reactions  between  seventy-two  inorganic  ions  and 
salicylaldoxime  and  its  5-chloro  and  5-nitro  derivatives  have 
been  observed  in  a  qualitative  way  in  various  media.  A 
limited  series  of  observations  has  been  made  using  the  3,5- 
dibromo  oxime,  which  is  of  little  utility  because  of  its  slight 
solubility. 

The  limits  of  detection  of  copper,  lead,  nickel,  and  bismuth 
with  salicylaldoxime  and  with  its  5-chloro  and  5-nitro  deriva¬ 
tives  have  been  established. 
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A  Simplified  Alkali-Lability  Determination 

for  Starch  Products 

THOMAS  JOHN  SCHOCH  AND  C.  C.  JENSEN,  Corn  Products  Refining  Company,  Edgewater,  N.  J. 


A  SIMPLIFIED  alkalimetric  method  has  been  devised  to 
estimate  the  relative  hydrolytic  degradation  of  starch 
products,  analogous  to  the  concept  of  alkali -lability  ( 6 ,  7 ) . 

If  the  starch  molecule  is  conceived  as  a  glucopyranose  chain 
terminating  in  a  free  aldehyde  group,  then  any  glucosidic 
hydrolysis  should  be  reflected  in  increased  aldehydic  proper¬ 
ties.  Since  the  ordinary  analytical  procedures  for  reducing 
sugar  are  not  applicable  to  starch,  Richardson,  Higginbotham, 
and  Farrow  (5)  have  developed  a  special  copper  reduction 
technique  to  estimate  aldehyde  content.  The  writers  have 
found  this  method  of  questionable  value,  since  the  reducing 
value  is  largely  influenced  by  the  degree  of  dispersion  of  the 
starch  in  the  alkaline  copper  medium. 

Raw  starch  slowly  decomposes  in  hot  aqueous  alkali  to  give 
simple  acidic  substances,  principally  formic,  acetic,  and  lactic 
acids,  as  well  as  pyruvic  aldehyde.  This  immediately  sug¬ 
gests  that  the  reaction  is  initiated  by  enolization  of  free  ter¬ 
minal  aldehyde,  as  formulated  by  Evans  ( 3 ,  4)  f°r  ^e  aldose 
sugars.  With  acid-modified  starches,  alkaline  decomposi¬ 
tion  proceeds  more  rapidly,  indicative  of  increased  aldehyde 
content.  Taylor  ( 6 ,  7)  has  employed  this  concept  of  alkali- 
lability  as  an  index  of  starch  hydrolysis,  by  determining  the 
amount  of  iodine-reducing  substances  produced  during  an 
arbitrary  period  of  alkaline  digestion.  However,  this  iodo- 
metric  technique  is  both  complicated  and  tedious,  and  results 
cannot  be  duplicated  by  various  operators.  Also,  starches 
which  have  been  precipitated  with  acetone  or  ethyl  alcohol 
consume  abnormal  quantities  of  iodine,  apparently  because 
of  retention  of  these  solvents  even  after  prolonged  drying. 

Estimation  of  the  acidic  substances  produced  by  decom¬ 
position  of  starches  in  hot  alkali  affords  a  much  simpler  and 
more  precise  measurement  of  alkali-lability.  The  procedure 
resembles  that  employed  for  saponification  number  of  a  fat  :  di¬ 
gestion  of  the  starch  in  a  measured  volume  of  standard  sodium 
hydroxide  followed  by  titration  of  the  unconsumed  alkali. 
The  rate  of  decomposition  of  the  starch,  here  termed  the 
alkali  number,  is  expressed  as  the  cubic  centimeters  of  0.1  N 
sodium  hydroxide  consumed  by  1  gram  of  starch  during  di¬ 
gestion  in  alkali  for  1  hour  at  100°  C. 

Method 

Required  Reagents.  Approximately  0.4  AT  sodium  hy¬ 
droxide,  free  from  carbonate;  0.2  N  sulfuric  acid,  accurately 
standardized;  and  0.1  per  cent  alcoholic  thymol  blue  solution. 

Procedure.  The  starch  should  be  pulverized  to  pass  a  60- 
mesh  sieve.  Moisture  is  separately  determined  by  drying  4 
hours  in  vacuo  at  105°  C.,  and  the  alkali  number  is  calculated 
to  the  dry  basis.  Occasionally,  a  starch  product  will  be  en¬ 
countered  with  added  alkali  or  acid  sufficient  to  affect  the  alkali 
number.  In  such  cases,  1  gram  of  the  starch  is  gelatinized  in 
hot  water  and  neutralized  to  thymol  blue  with  standard  acid 
or  alkali,  properly  correcting  the  alkali  number  for  this  titer. 

The  alkaline  digestion  may  be  conveniently  run  in  an  8- 
ounce  narrow-mouthed  Pyrex  nursing  bottle.  Adequate  pro¬ 


tection  against  carbon  dioxide  is  afforded  by  the  gum  rubber 
caps  marketed  for  this  type  of  bottle,  pierced  with  a  hot  needle 
to  provide  an  exit  for  steam.  Five  hundred  milligrams  of  the 
powdered  starch  are  introduced  into  the  bottle,  10  cc.  of  dis¬ 
tilled  water  are  added,  and  the  contents  are  gently  swirled  to  wet 
and  suspend  the  sample.  Then  25.00  cc.  of  0.4  N  sodium  hy¬ 
droxide  are  added  by  pipet,  meanwhile  agitating  the  sample  to 
ensure  uniform  gelatinization  in  the  alkali.  If  lumping  occurs  at 
this  point,  the  determination  should  be  repeated.  Finally,  65 
cc.  of  hot  distilled  water  are  added,  and  the  bottle  is  immedi¬ 
ately  capped  and  placed  in  a  vigorously  boiling  water  bath.  It  a 
number  of  determinations  are  to  be  run,  digestions  may  be  com¬ 
menced  at  intervals  of  10  to  12  minutes. 

With  starch  products  which  gelatinize  in  cold  water,  a  slightly 
different  technique  is  advised,  to  avoid  the  formation  of  insol¬ 
uble  lumps.  The  sample  is  introduced  into  a  perfectly  dry  di¬ 
gestion  bottle  and  wetted  with  1  to  2  cc.  of  benzene;  25.00  cc.  of 
0.4  N  sodium  hydroxide  are  then  added  with  agitation,  followed 
by  75  cc.  of  hot  water.  In  this  way,  complete  dispersion  of  the 
starch  is  readily  obtained,  even  with  starches  which  have  been 
precipitated  from  boiled  pastes  by  alcohol. 

The  bottle  is  heated  for  exactly  60  minutes,  then  placed  in 
cold  water,  the  cap  is  removed,  and  50  to  75  cc.  of  cold  distilled 
water  are  quickly  added.  In  this  manner,  the  decomposition 
is  halted  almost  immediately.  One  cubic  centimeter  of  thymol 
blue  indicator  is  added  and  the  excess  alkali  titrated  to  a  yellow 
end  point  with  standard  acid.  Phenolphthalein  has  likewise 
been  employed,  but  thymol  blue  seems  somewhat  more  satis¬ 
factory.  With  highly  converted  starches,  the  end  point  is  dif¬ 
ficult  because  of  the  amber  color  which  develops  during  diges¬ 
tion.  In  such  instances,  titration  with  the  glass  electrode  to  a  pH 
of  8  gives  excellent  results,  though  with  practice  visual  titration 
to  thymol  blue  can  be  applied  to  all  starch  products. 

The  titer  value  of  the  alkali  is  determined  by  neutralizing 
25.00  cc.  of  0.4  N  sodium  hydroxide  to  thymol  blue  with 
standard  acid.  This  procedure  acts  as  a  blank,  balancing 
out  indicator  errors.  Then  the  alkali  number  is  calculated  as : 

(cc.  of  acid  to  titrate  blank  -  cc.  of  acid  to  titrate  sample)  X 

_ normality  of  acid  X  10 _ 

weight  of  sample  on  dry  basis 

Providing  excess  alkali  is  present,  the  concentration  of 
sodium  hydroxide  employed  for  digestion  does  not  materially 
affect  the  alkali  number.  However,  variations  in  the  amount 
of  starch  and  volume  of  the  digestion  medium  have  an  ap¬ 
preciable  influence,  and  close  adherence  to  the  recommended 
procedure  is  advised.  From  365  determinations  on  164  dif¬ 
ferent  starch  products,  the  average  deviation  calculated 
±0.17  unit  in  the  alkali  number.  Each  value  here  reported 
represents  the  average  of  two  or  more  determinations. 

Applications 

This  method  of  analysis  has  been  applied  to  a  number  of 
theoretical  and  practical  starch  problems,  of  which  the  fol¬ 
lowing  are  typical  instances. 

Raw  Starches.  Commercial  corn  and  wheat  starches 
possess  alkali  numbers  which  are  consistently  higher  than 
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those  of  the  common  tuber  starches.  This  is  attributed  to 
different  molecular  configuration,  rather  than  to  hydrolytic 
conditions  which  might  prevail  during  manufacture.  On  a 
laboratory  scale,  starch  has  been  isolated  from  cracked  corn 
under  nonaqueous  steeping  conditions  which  should  preclude 
acidic  or  enzymatic  action,  and  the  alkali  numbers  of  such 
products  did  not  differ  materially  from  that  of  commercial 
cornstarch. 

Starch  Alkali  Number 

Tapioca  (3  different  commercial  samples)  5.9,  6.8,  6.9 

Potato  (3  different  samples)  5.7,  6.6,  6.9 

Rice  6.7,  7.5 

Wheat  '  9.7,11.5 

Corn  (commercial  samples)  9.8,  10.6,  11.0,  11.2,  11.9,  12.1 

Corn  (nonaqueous  steeping)  10.6,  11.4 

Heterogeneity  of  Starch.  Starch  is  not  necessarily 
composed  of  identical  molecules.  By  leaching  at  tempera¬ 
tures  just  below  the  gelatinization  point,  Baldwin  ( 1 )  has 
extracted  a  small  amount  of  soluble  material  from  potato 
starch.  Similar  procedure  applied  to  raw  cornstarch  yields  a 
minor  fraction  of  soluble  carbohydrate  possessing  a  high  alkali 
number. 


Initial  raw  cornstarch  11.2 

Soluble  fraction  35.9 

Insoluble  residue  8.8 

This  soluble  material  probably  represents  smaller  molecules 
occurring  naturally  in  the  starch  granule.  In  like  manner, 
a  typical  acid-modified  thin-boiling  starch  was  found  to  be 
heterogeneous  in  character,  since  it  could  be  fractionated  by 
extraction  with  cold  water. 

Initial  thin-boiling  starch  44 . 1 

Fraction  soluble  in  cold  water  50.6 

Insoluble  residue  36.9 


When  raw  cornstarch  is  digested  in  hot  alkali,  then  neu¬ 
tralized  and  precipitated  with  alcohol,  the  resulting  product 
possesses  an  alkali  number  lower  than  the  original  starch. 
However,  even  when  such  alkali  predigestion  is  continued 
until  80  to  90  per  cent  of  the  starch  is  destroyed,  the  alkali 
number  of  the  residual  carbohydrate  does  not  drop  below  4.0. 
This  would  indicate  the  absence  of  any  fraction  completely 
stable  toward  alkali. 

Acid-Modified  Starches.  With  increasing  degree  of 
acid  conversion,  the  alkali  number  rises  progressively; 


Thin-boiling  starch 

20-fluidityo  14 . 5 

40-fluidity  15.0 

60-fluidity  15.7 

75-fluidity  20.7 

90-fluidity  41.5 

White  dextrin,  25%  cold  water-soluble  56.3 

White  dextrin,  65%  cold  water-soluble  62.6 

Lintner’s  soluble  starch  66.4 


a  Determined  by  the  method  of  Buel  (£). 


hence  the  so-called  white  dextrins  should  be  considered  as 
highly  acid-modified  starches.  As  another  instance  where 
this  method  has  been  employed  to  detect  hydrolysis,  2  per 
cent  raw  cornstarch  pastes  were  carefully  buffered  to  various 
pH  levels,  and  autoclaved  for  4  hours  at  19  pounds  steam 
pressure.  The  starch  was  then  precipitated  with  alcohol, 
filtered,  and  dried.  Subsequent  alkali  number  determina¬ 
tions  indicate  maximum  stability  in  the  narrow  pH  range  of 
5.9  to  6.3  (Figure  1).  Autoclaved  starch  solutions  show  a 
slight  yellow  discoloration  above  6.3,  indicative  of  alkaline 
decomposition. 

Torrefaction  Dextrins.  The  British  gums  and  canary 
dextrins  present  a  different  picture,  with  alkali  numbers 
only  slightly  higher  than  that  of  raw  cornstarch. 


Gum,  5.5%  soluble,  buffered  conversion  15.5 

British  gum,  17.5%  soluble  16.6 

British  gum,  80%  soluble  15.6 

Gum,  85%  soluble  16.3 

Dextrin,  acetic  acid  conversion,  98%  soluble  16.4 

Extra  dark  yellow  dextrin,  nitric  acid  conversion,  85%  soluble  19.9 

Dark  yellow  dextrin,  hydrochloric  acid  conversion,  97%  soluble  23.0 


Excepting  the  somewhat  higher  values  in  the  last  two  in¬ 
stances,  where  mineral  acids  were  employed  during  dex- 
trinization,  the  alkali  numbers  are  substantially  constant, 
bearing  no  relation  to  viscosity  or  solubility.  An  interesting 
sidelight  on  this  subject  is  presented  by  the  progressive  drop 
in  alkali-lability  when  a  white  dextrin  is  oven-dried  at  105  °  C. 

Initial  product  54.6 

Dried  4  hours  37.8 

Dried  22  hours  29.7 

Some  sort  of  anhydride  formation  may  occur  during  dex- 
trinization,  rendering  the  product  less  susceptible  to  attackby 
alkali. 


Oxidized  Starches.  Oxidation  with  alkaline  hypo¬ 
chlorite  is  commonly  employed  for  the  manufacture  of  thin- 
boiling  starches.  The  alkali-lability  of  such  commercial 
products  is  generally  somewhat  lower  than  that  of  the  parent 
raw  cornstarch. 

Low  conversion  10.4 

Medium  conversion  10.2 

High  conversion  8.6 

Interpretation  of  these  results  must  await  further  investi¬ 
gation  of  the  mechanism  of  starch  oxidation. 

Alkali-lability,  however  determined,  must  not  be  construed 
as  a  quantitative  evaluation  of  aldehyde  content.  The 
method  simply  affords  an  empirical  index  of  hydrolysis. 
Anhydrous  glucose  gives  an  alkali  number  value  of  85.2. 
This  merely  represents  the  limiting  maximum  for  substances 
of  glucosidic  configuration,  and  is  not  comparable  with  starch 
values,  since  glucose  is  completely  destroyed  during  the  first 
few  minutes  of  alkaline  digestion.  Similarly,  maltose  hy¬ 
drate  gives  a  value  of  84.7.  As  might  be  anticipated,  the 
following  sugar  derivatives  are  completely  stable  against 
alkali:  gluconic  acid,  alpha-methylglu coside,  sucrose,  treha¬ 
lose,  raffinose,  and  melezitose. 
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Determination  of  Air  in  Citrus  Juices 

H.  J.  LOEFFLER 
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Los  Angeles,  Calif. 


DURING  the  course  of  an  investigation  on  the  bottling 
of  citrus  juices,  it  was  necessary  to  measure  the  degree 
of  deaeration  of  the  juices  prior  to  pasteurization.  The  litera¬ 
ture  contains  few  references  to  such  determinations.  Pulley 
and  von  Loesecke  (2)  describe  an  apparatus  for  this  purpose, 
but  the  length  of  time  needed  made  it  unsatisfactory  for  the 
author’s  purposes.  Accordingly  a  procedure  has  been  de¬ 
veloped  by  which  an  air  determination  and  differential  analy¬ 
sis  can  be  made  in  10  to  15  minutes. 

Apparatus  for  Measuring  Gas 

The  apparatus,  shown  in  Figures  1  and  2,  consists  of  a  mercury- 
filled  evacuation  chamber,  A,  fitted  with  a  drain  to  a  leveling 
bulb,  B,  which  can  be  supported  in  three  positions.  In  the  high 
position  the  base  of  B  is  level  with  the  top  of  A;  in  the  inter¬ 
mediate  position  it  is  40  cm.  (16  inches)  below  the  base  of  A; 
in  the  low  position  it  is  82.5  cm.  (33  inches)  below  the  base  of  A. 
C  is  a  capillary  three-way,  mercury-sealed  stopcock,  E  is  also  a 
capillary  three-way  stopcock,  while  G  is  a  5-cc.  microburet  con¬ 
nected  with  the  mercury-filled  leveling  bulb,  H. 

The  unit  can  be  built  quickly  and  cheaply.  A  and  B  are  1- 
liter  Kjeldahl  flasks  with  short  glass  tubes  fused  into  the  base  and 
connected  by  rubber  pressure  tubing.  The  stem  of  A  is  drawn 
down  to  a  small  tube  and  fused  to  the  capillary  outlet  from  C, 
the  capillary  tube  having  been  first  blown  out  to  facilitate  the 
sealing.  A  5-cc.  graduated  pipet  may  be  fused  to  the  capillary 
tube  from  E  to  provide  the  microburet.  The  volume  correction 


C 


due  to  the  capillary  and  the  sealed  joint  must  be  determined  by 
calibration.  Microburet  units  fitted  with  the  three-way  capillary 
stopcocks  are  available  commercially.  E  and  G  may  be  of  soft 
glass  and  connected  by  rubber  tubing  at  I  to  the  Pyrex  unit, 
C-A. 

The  method  involves  drawing  about  100  cc.  of  juice  into  the 
evacuation  chamber;  evacuating  the  chamber  twice  to  re¬ 
move  most  of  the  air  from  the  juice;  and  warming  the  sample 
by  drawing  in  a  needle-fine  stream  of  hot  boiled  water,  fol¬ 
lowed  by  two  further  evacuations  of  the  warmed  juice.  After 
each  evacuation,  the  air  released  is  drawn  over  into  buret 
G  where  it  is  measured.  When  evacuation  and  total  measure¬ 
ment  are  completed,  solutions  of  potassium  hydroxide  and 
pyrogallic  acid  are  drawn  down  the  sides  of  G  to  measure  the 
carbon  dioxide,  oxygen,  and  inert  gases. 

All  air  must  first 
be  removed  from  the 
system.  This  is  ac¬ 
complished  by  rais¬ 
ing  B  to  the  high 
position  and  open¬ 
ing  C  to  connect  A 
and  D  and  sweep 
out  any  air  through 
D,  which  remains 
filled  with  mercury. 
C  and  E  are  changed 
to  connect  A  and  G 
and  sweep  any  air 
from  1  into  G.  E  is 
then  changed  to  con¬ 
nect  G  and  J.  H  is 
raised  to  sweep  out 
any  air  in  G  through 
J.  E  is  then  closed. 

Air  bubbles 
trapped  in  the  mer¬ 
cury  in  A  or  in  the 
rubber  tubing  be¬ 
tween  A  and  C  are 
removed  by  closing  C 
and  lowering  B  to  the 
low  position.  The 
pressure  in  A  be¬ 
comes  sufficiently  low 
so  that  the  mercury 
drains  almost  com¬ 
pletely  into  B,  and 
any  entrapped  air 
will  rise  into  A.  B  is 
raised  to  the  inter¬ 
mediate  position  un¬ 
til  A  refills;  then  to 
the  high  position; 
and  C  is  opened  to  D  to  sweep  out  any  air.  The  process  can  be 
repeated  if  necessary  to  prove  the  presence  of  a  zero  blank,  but 
if  B  is  left  at  the  intermediate  position  between  determinations 
no  air  remains  trapped  and  this  evacuation  is  unnecessary. 

The  juice  or  liquid  to  be  tested  is  so  placed  that  D  is  below  its 
surface.  B  is  then  placed  in  the  intermediate  position  and  C 
opened  between  A  and  D  until  about  100  cc.  of  liquid  are  drawn 
in.  A  calibration  mark  on  A  indicates  the  approximate  position. 
C  is  then  closed  and  B  placed  in  the  low  position  until  the  mer¬ 
cury  drains  from  A  into  B.  When  only  slightly  over  a  liter  of 
mercury  is  used  and  the  bulbs  are  maintained  at  the  positions 
stated,  the  mercury  will  not  overflow  from  B;  nor  is  it  likely  to 
go  below  the  base  of  A.  If  it  does,  the  addition  of  a  little  mercury 
to  B  will  raise  the  column  to  the  base  of  A.  B  is  then  raised  to 
the  intermediate  position  so  that  the  mercury  refills  A  and  the  air 
removed  during  the  evacuation  collects  in  the  capillary  above. 


Figure  2 
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Table  I. 

Efficiency  of  Deaeration 

No.  of 

Sample 

Deaera- 

Air 

Code  No. 

tions 

Content 

C02 

02 

n2 

Remarks 

Cc. 

Cc. 

Cc. 

Cc. 

10 

1 

2.98 

1.79 

0.27 

0.93 

Very  rapid 

deaeration 

16 

1 

1.57 

0.85 

0 

0.74 

19 

2 

0.68 

0.24 

0.045 

0.40 

24 

2 

0.65 

30 

2 

0.87 

35 

3 

0.44 

37 

2 

0.47 

39 

1 

1.53 

46 

1 

0.78 

Slow 

deaeration 

49 

3 

0.29 

52 

2 

1.14 

Rapid 

deaeration 

57 

2 

0.46 

Slow 

deaeration 

61 

3 

0.26 

Slow 

deaeration 

32p 

0 

2.70 

35p 

0 

4.96 

145p 

0 

3.70 

0.97 

0.72 

2.01 

B  is  raised  to  the  high  position;  C  is  opened  to  connect  with  I; 
H  is  placed  slightly  below  I;  and  E  is  opened  cautiously  to  pass 
just  the  released  air  from  A  into  I.  If  a  small  amount  of  juice 
comes  with  the  air  into  I,  it  will  not  cause  trouble.  C  is  then 
closed  also,  B  is  lowered,  and  the  evacuation  and  removal  of 
air  are  repeated.  B  is  then  lowered  only  to  the  intermediate 
position. 

One  hundred  cubic  centimeters  of  distilled  water  are  heated 
to  boiling  in  an  Erlenmeyer  flask  which  is  then  lifted  around  D. 
G  is  just  cracked,  to  draw  the  boding  water  in  on  the  juice  in  a 
needle-fine  stream.  C  is  turned  off,  so  that  no  air  can  be  drawn 
in  after  the  hot  water.  It  is  advisable  to  leave  a  few  cubic  centi¬ 
meters  of  water  in  the  flask.  B  is  placed  in  the  low  position  and 
kept  there  until  boiling  ceases  in  A,  which  usually  takes  less  than 
10  minutes.  B  is  again  raised  and  the  released  air  is  drawn  into 
G.  B  is  lowered  for  one  more  evacuation,  but  no  more  than 
traces  of  air  are  usually  released.  If  a  measurable  quantity  is 
obtained,  the  air  is  passed  into  G  and  the  sample  is  evacuated 
once  more  as  an  added  precaution. 

B  is  then  raised  to  the  high  position  and  the  juice  sample  is 
discharged  through  D  into  a  graduated  cylinder  for  measurement. 
The  volume  of  juice  used  is  the  difference  between  this  quantity 
and  the  amount  of  hot  water  added.  With  B  still  in  the  high 
position,  C  is  changed  to  connect  with  G,  and  E  is  opened  to  I,  so 
that  mercury  from  A  will  sweep  the  air  from  I  into  G.  E  is 
closed;  the  levels  in  H  and  G  are  balanced;  and  the  quantity  of 
air  in  G  is  determined. 

J  is  dipped  below  the  surface  of  a  solution  of  35  per  cent 
potassium  hydroxide,  H  is  lowered  slightly,  and  E  is  opened  to 
draw  0.5  to  1  cc.  of  the  basic  solution  in  through  G.  The  solution 
flows  in  a  film  down  the  sides  of  G,  absorbing  all  the  carbon  dioxide 
in  the  sample  almost  instantaneously.  After  a  few  seconds  for 
draining,  the  levels  are  balanced  and  the  quantities  of  gases  re¬ 
maining  are  determined.  The  difference  is  carbon  dioxide.  H  is 
again  lowered  and  0.5  to  1  cc.  of  alkaline  pyrogallol  (1  gram  of 
pyrogalfic  acid  to  24  cc.  of  the  potassium  hydroxide  solution)  is 
drawn  in  on  the  sample.  The  decrease  in  volume  measures  the 
oxygen  content;  about  a  minute  is  required  for  this  reaction. 
The  residual  gas  is  primarily  nitrogen.  The  gas  plus  absorb¬ 
ing  solutions  is  discharged  through  J,  the  buret  is  rinsed  with 
weak  nitric  acid,  and  the  apparatus  is  ready  for  the  next  deter¬ 
mination. 

The  gas  volumes  are  corrected  from  room  temperature  and 
pressure  to  standard  conditions  and  fisted  as  “cc.  of  gas  per  100  cc. 
of  juice”. 

An  unwieldy  feature  of  the  method  is  the  lifting  of  the  liter 
flask  filled  with  mercury  from  the  low  to  the  intermediate  posi¬ 
tion.  When  this  is  difficult,  a  ratchet  and  gear  or  small  pulley 
lift  can  be  used. 

Discussion  of  Method 

The  use  of  capillary  tubes  and  a  microburet  makes  possible 
the  measurement  of  a  small  amount  of  gas  and  consequently 
the  use  of  a  relatively  small  sample  of  juice.  The  moderate 
sized  samples,  combined  with  the  rapid  direct  heating,  high 
degree  of  evacuation,  and  agitation  from  the  mercury  flow 
facilitate  the  rapid  removal  of  both  dissolved  and  occluded 
air.  A  50-cc.  sample  is  satisfactory  for  nondeaerated  juice. 


Since  the  volume  of  gas  is  small,  a  rapid  quantitative  ab¬ 
sorption  is  achieved  by  dropping  the  absorbing  solutions  on 
the  sample.  This  would  not  be  possible  with  larger  quantities 
of  gas.  This  procedure  is  much  faster  and  simpler  than  the 
use  of  separate  absorption  pipets.  If  the  diameter  of  the  buret 
is  too  small,  the  reagents  will  not  flow  down  the  sides  but  will 
trap  the  gas  below. 

The  sample  is  drawn  in  from  the  bottom  of  the  juice  con¬ 
tainer,  so  it  is  never  in  contact  with  air.  Correspondingly, 
the  juice  sample  is  measured  after  deaeration  rather  than  before 
to  avoid  incorporation  of  air  during  transfer  to  and  from  a 
graduated  cylinder.  The  adjustment  of  a  hollow  spike  and 
packing  gland  on  D  will  make  possible  the  measurement  of 
gas  in  the  head  space  of  cans  and  bottles  where  the  quantity 
of  gas  is  very  small.  Where  the  cans  or  bottles  have  been 
closed  under  high  vacuum  with  a  small  head  space,  the  gases 
dissolved  in  the  juices  will  not  only  be  larger  quantities  but 
more  important  ones.  The  author  has  been  measuring  the 
dissolved  gases  in  bottled  orange  juice  by  removing  the  cap 
and  immediately  withdrawing  a  sample  through  D  from  the 
bottom  of  the  bottle.  The  changes  in  the  character  and 
amount  of  dissolved  gases  in  bottled  orange  juice  during 
storage  will  be  reported  at  a  later  date. 

Only  one  stopcock,  C,  is  exposed  to  a  large  difference  in 
pressure.  No  leaks  occur  with  the  use  of  a  mercury  seal.  This 
is  demonstrated  by  zero  blanks  without  a  sample  or  when  a 
sample  of  hot  boiled  water  is  used.  This  shows  also  that  no 
air  is  brought  into  the  system  when  the  hot  water  is  added  to 
the  juice.  The  capillary  bore  is  sufficiently  large  (1  to  2  mm.), 
so  that  even  partially  strained  juice  will  not  clog. 

The  two  halves  of  the  apparatus  are  semi-independent. 
Thus  while  one  sample  is  being  analyzed  in  G,  the  next  sample 
can  be  undergoing  its  first  evacuation  in  A. 

The  needle-fine  stream  of  hot  water  shoots  into  the  juice 
sample  at  a  high  velocity,  causing  violent  agitation  and  pre¬ 
venting  any  local  overheating  that  might  cause  combination 
between  the  juice  and  the  oxygen  still  present. 

The  vapor  pressure  of  water  has  been  neglected  in  the  cal¬ 
culation  of  results.  However,  the  maximum  error  would  be 
0.02  cc.  per  cc.  of  gas.  The  water  vapor  would  be  measured 
either  as  carbon  dioxide  or  inert  gases;  in  either  case,  this 
quantity  is  insignificant. 

Results 

This  method  has  been  used  as  a  routine  test  of  the  degree 
of  deaeration  of  orange  juice  before  pasteurization.  An  in¬ 
verted  dome  type  of  deaerator  as  suggested  by  Mottern  and 
von  Loesecke  ( 1 )  was  used.  In  most  cases,  only  the  total  air 
content  was  determined.  All  gas  quantities  are  given  in  cubic 
centimeters  per  100  cc,  of  juice  at  standard  temperature  and 
pressure. 

The  results  in  Table  I  show  that  sufficient  deaeration  is 
rarely  obtained  by  a  single  passage  through  the  deaerator; 
two  or  three  passages  are  essential.  The  efficiency  of  air  re¬ 
moval  appears  dependent  also  on  the  rate  of  passage  through 
the  deaerator. 

The  few  differential  analyses  included  indicate  that  carbon 
dioxide  is  present  in  comparatively  large  quantities  in  the 
fresh  juice,  apparently  arising  from  respiration  in  the  oranges 
themselves  rather  than  from  incorporation  during  the  reaming 
and  screening. 
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Apparatus  for  Determination  of  Sulfur  by 
the  Evolution  Method 
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IN  THE  course  of  years  many  advantages  in  determining 
sulfur  by  the  evolution  method  ( 1 )  have  been  brought  to 
the  attention  of  this  laboratory.  Consequently  an  arrange¬ 
ment  of  apparatus  has  been  evolved,  which  may  be  of  help  to 
new  laboratories  and  offer  a  few  advantages  to  others.  Figure 
1  shows  the  completely  arranged  apparatus  and  Figure  2 
shows  the  detail  arrangement. 


port  an  asbestos  (Transite)  shelf  8.75  cm.  (3.o  inches)  wide, 
41.25  cm.  (16.5  inches)  long,  and  0.6  cm.  (0.25  inch)  thick,  on 
which  the  300-ml.  Pyrex  tail-form  absorbing  beakers  rest.  The 
special  Kjeldahl  bulb  is  connected  to  the  absorbing  beakers  by 
a  bent  delivery  tube  of  6-mm.  bore  Pyrex  glass,  with  one  end  re¬ 
stricted  to  an  opening  of  2  mm. 

The  arrangement  is  very  compact.  The  chemist  is  able  to 
run  ten  determinations  per  set  and  having  three  sets  as  shown, 
can  run  thirty  determinations  simultaneously.  The  addi¬ 
tion  of  one  or  more  sets,  without  taxing  the  table,  permits 
forty  or  fifty  determinations  to  be  made  at  one  time.  The 
hydrochloric  acid  and  water  for  dilution  are  readily  accessible 
above  the  table,  enabling  the  chemist  to  facilitate  their  addi¬ 
tion,  as  well  as  speed  up  the  work.  After  the  evolution  is  com¬ 
pleted,  the  delivery  tubes  are  separated  from  the  connecting 
bulbs  and  the  absorbing  beakers  are  left  on  the  shelves  until 
titrated.  By  the  use  of  ammoniacal  zinc  sulfate  solution, 
diluted  to  a  volume  of  150  ml.,  the  need  of  a  hood  is  obviated. 
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Figure  1.  Arrangement  of  Apparatus 


Determination  of  Sulfide  Sulfur  in 
Alkaline  Solutions  Containing 
Other  Sulfur  Compounds 
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Development  Company,  Linden,  N.  J. 


IN  AN  article  by  Baldeschwieler  [Ind.  Eng.  Chem.,  Anal.  Ed.,  6, 
402  (1934)]  the  following  statement  appears  on  page  403: 
“The  procedure  depends  upon  the  fact  that  the  lead  salts  of  the 
above  sulfo-acids  are  all  soluble  in  ammonium  acetate,  the  only 
exception  being  lead  sulfide.” 

Since  that  time  the  writer  has  found  the  statement  as  given 
above  slightly  incorrect,  since  freshly  precipitated  lead  sulfite  also 
is  not  soluble  in  either  cold  or  warm  ammonium  acetate  solution 
even  in  the  presence  of  acetic  acid.  This  fact,  however,  does  not 
affect  the  accuracy  of  the  method  described  in  the  article  in  ques¬ 
tion,  inasmuch  as  when  carrying  out  the  procedure  the  sulfur 
compounds  are  precipitated  by  the  lead  acetate  from  an  alkaline 
solution.  Under  these  conditions  no  precipitation  of  lead  sulfite 
will  occur,  as  long  as  the  solution  is  kept  alkaline.  Experiments 
have  shown  that  a  minimum  alkalinity  (sodium  hydroxide)  of 
2  per  cent  must  be  maintained  in  order  to  keep  the  lead  sulfite 
in  solution. 

This  information  should  be  useful  in  preventing  serious  errors 
in  sulfide  determinations,  in  view  of  the  fact  that  some  analysts 
have  been  known  to  ignore  that  part  of  the  procedure  which  states 
that  the  original  solution  containing  the  sulfur  compounds  must 
be  distinctly  alkaline.  Such  cases  have  been  found  in  the  deter¬ 
mination  of  sulfur  dioxide  and  hydrogen  sulfide  in  gases  which 
have  been  absorbed  by  potassium  hydroxide  and  where  most  of 
the  excess  alkali  has  been  consumed. 


The  evolution  flask  is  a  300-ml.  narrow-mouthed  Pyrex  Erlen- 
neyer  flask,  into  which  is  inserted  a  two-hole  sulfur-free  rubber 
stopper,  a  special  Kjeldahl  type  of  connecting  bulb,  and  a  thistle 
tube.  The  Kjeldahl  bulb  is  made  of  Pyrex  glass  and  is  200  mm. 
n  length  over-all.  The  bulb  in  the  center  has  an  outside  diame¬ 
ter  of  35  mm. 
and  is  equipped 
with  an  internal 
curved  drip 
tube.  The  upper 
and  lower  tubes 
of  the  bulb  are 
of  6-mm.  bore 
and  the  lower 
tube  is  beveled 
and  ground  at 
the  outlet.  The 
Pyrex  thistle 
tube  is  300  mm. 
in  length,  has  a 
top  diameter  of 
35  mm.,  and  is 
bent  as  shown. 

The  gas  hot 
plates  are  17.5 
cm.  (7  inches) 
wide,  45  cm.  (18 
inches)  long,  and 
23.75  cm.  (9.5 
inches)  high. 

Metal  side  arms, 

1.25  X  0.3  cm. 

(0.5  by  0.25 
inch),  and  bent 
as  shown,  are 
attached  to  the 
sides  of  the 

plates  with  _ 

bolts.  These 
side  arms  sup¬ 


Figure  2.  Detail  of  Apparatus 
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An  Electron-Ray  Titrimeter 
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Two  simple  thermionic  voltmeters  which 
operate  from  the  alternating  current  or 
direct  current  lighting  circuit  are  described. 
These  voltmeters  are  particularly  suited  for 
potentiometric  titrations,  since  an  inexpen¬ 
sive  electron-ray  tuning  indicator  tube  is 
used  as  an  indicator  instead  of  the  usual 
microammeter. 


The  unrectiiied  circuit  described  is  par¬ 
ticularly  convenient  for  use  with  polarized 
electrodes,  whereas  the  rectified  circuit  may 
be  used  for  titration  systems  requiring  the 
use  of  the  calomel  cell. 

Both  units  may  be  assembled  from  ordi¬ 
nary  radio  replacement  parts  for  the  cost  of 
less  than  a  small  portable  radio  receiver. 


ELECTRON  tube  voltmeters  designed  specifically  for 
use  as  continous  reading  devices  for  electrometric  meas¬ 
urements  have  almost  universally  replaced,  for  general  chemi¬ 
cal  purposes,  the  conventional  potentiometric  system.  Since 
the  first  battery-operated  thermionic  titrimeters  were  pro¬ 
posed  by  Goode  (4,  5)  many  similar  and  improved  types  have 
appeared.  Recently  the  trend  has  been  toward  the  design 
of  alternating  current-direct  current  line-operated  equipment. 
These  numerous,  published  circuits  are  not  due  to  the  general 
unsatisfactory  operation  of  vacuum  tube  voltmeters  but 
rather  are  the  result  of  improvements  in  design  directed  to¬ 
ward  increased  sensitivity  and  stability. 

Unfortunately  improvements  in  sensitivity  and  stability 
and  other  advancements  in  electrical  engineering  have  con¬ 
tributed  to  the  complexity  of  many  circuits.  The  8-tube 
circuit  of  Rescorla,  Carnahan,  and  Fenske  ( 6 ),  although  stable 
to  line  voltage  variation  and  sufficiently  sensitive,  is  so  expen¬ 
sive  and  complex  as  to  discourage  its  use  by  the  average 
chemist.  On  the  other  hand,  the  circuits  developed  by 
Garman  and  Droz  (2)  and  Willard  and  Hager  (8),  both  of 


which  employ  the  principles  of  mu-balance  in  combination 
with  a  Wheatstone  bridge  circuit  in  order  to  obtain  stability, 
are  unusually  simple  in  construction  and  operation.  The  re¬ 
cent  battery-operated  voltmeter  contributed  by  Garman  and 
Droz  ( 3 )  is  not  only  exceedingly  simple  in  construction  but 
is  designed  for  very  low  current  consumption,  which  eliminates 
the  necessity  for  frequent  battery  replacement. 

Despite  the  remarkable  advances  made  in  the  design  of  both 
fine-  and  battery-operated  equipment,  all  the  vacuum  tube 
voltmeters  used  for  chemical  purposes  retained  one  practical 
disadvantage — namely,  the  use  of  a  sensitive  galvanometer 
or  microammeter.  The  elimination  of  the  somewhat  fragile 
and  expensive  indicator  was  pioneered  by  Smith  (7),  who  pre¬ 
sented  a  circuit  in  which  a  cathode-ray  tuning  indicator 
(Magic  Eye)  was  substituted  for  the  microammeter.  In  this 
rather  useful  circuit  the  high-voltage  direct  current  necessary 
for  the  operation  of  the  amplifier  and  eye  tubes  is  obtained  by 
the  conventional  transformer,  rectifier,  and  filter  circuit. 
The  inclusion  of  a  rather  elaborate  mechanism  for  the  control 
of  the  eye  position  causes  the  circuit  to  be  so  complex  as  to 

discourage  the  average  chem¬ 
ist  with  a  minimum  knowledge 
of  vacuum  tubes  from  attempt¬ 
ing  to  construct  the  titrimeter. 

By  using  a  circuit  somewhat 
new  in  principle  not  only  is 
construction  simplified  but  the 
cost  of  parts  is  also  consider¬ 
ably  reduced.  This  present 
paper  presents  an  alternating 
current-direct  current  trans¬ 
formerless,  line-operated  ti¬ 
trimeter  which  is  sufficiently 
stable  and  sensitive  for  pur¬ 
poses  of  titration  without  the 
use  of  the  principles  of  mu- 
balance.  In  addition  to  the 
simple  unrectified  circuit,  a 
rectified  model  which  exhibits 
a  low  grid  current  drain  is  also 
presented. 

Unrectified  Circuit 

The  schematic  diagram  of 
the  unrectified  circuit  is  shown 
in  Figure  1. 

A  simple  triode,  all-metal  6F5 
radio  vacuum  tube  is  used  as  a 
voltage  amplifier  to  step  up  the 
voltage  between  the  electrodes  of 
the  external  cell.  This  amplified 
voltage  difference  is  used  to  con- 


FigurIj  1.  Schematic  Representation  of  Simple  Titrimeter 

ft-l.  500.000-ohm  fixed  resistor,  0.5  watt  R- 5.  1000-ohm  fixed  resistor,  0.5  watt 

R- 2.  350-ohm  line  cord  resistor  (Clarostat  PC*  350)  R- 6.  5000-ohm  volume  control  (2-watt  Midget) 

R- 3.  25,000-ohm  volume  control  (2-watt  Midget)  R-7.  25,000-ohm  fixed  resistor  (may  be  omitted) 

R- 4.  25,000-ohm  fixed  resistor  5-1.  Switch  cover  plate  attached  to  R- 3 
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Figure  2.  Schematic  Representation  of  Rectified  Titrimetek  Circuit 

R-6.  3000-ohm  volume  control  (2-watt  Midget) 
R-8.  1500-ohm  fixed  resistor,  0.5  watt 
R-9.  100,000-ohm  fixed  resistor,  0.5  watt 
S-l.  Switch  cover  plate  attached  to  it -3 
S-2.  Single-pole,  single-throw  toggle  switch 


C-l  4-mfd.  electrolytic  condenser,  400  volts 

R-l.  500,000-ohm  fixed  resistor,  0.5  watt 

R- 2.  330-ohm  line  cord  resistor  (Clarostat  PC  330) 

R-3.  25,000-ohm  volume  control  (2-watt  Midget) 

R-4.  25,000-ohm  fixed  resistor,  0.5  watt 

R-5.  1000-ohm  fixed  resistor,  0.5  watt 


trol  the  grid  of  the  electron-ray  tuning  indicator,  6E5.  Since 
both  the  6F5  and  6E5  were  found  to  operate  satisfactorily  witn 
alternating  current  on  their  plates,  it  was  found  unnecessary  in 
most  cases  to  transform  or  rectify  the  110-volt  alternating  cur¬ 
rent  line  supply.  Furthermore,  the  filament  current  for  both 
tubes  is  supplied  from  the  line  voltage  by  means  of  a  standard 
line  cord  resistor  of  the  type  used  in  transformerless  radio  sets 
The  variable  cathode  load  resistor,  R-3,  is  used  to  govern  the 
grid  bias  of  the  6E5  indicator  and  as  such  this  control  is  used  to 
adjust  the  position  of  the  shadow  on  the  target  of  the  eye  at  the 
start  of  a  titration.  The  variable  resistor,  R-6,  in  senes  with 
the  cathode  of  the  6F5  governs  the  grid  bias  of  the  amplifier  and 
as  such  this  control  is  used  to  adjust  the  sensitivity  of  the  titrime- 
ter  as  a  whole.  As  the  resistance  of  R-6  is  increased  in  value, 
the  potential  drop  across  R-6  and  R-6  is  increased,  which  results 
in  the  application  of  a  higher  negative  grid  bias  on  the  6Fo-  pro¬ 
vided  the  externally  applied  potential  is  not  altered.  Since  the 
6F5  is  a  sharp  cutoff  tube,  an  increase  in  negative  grid  bias  above 
the  normal  operating  bias  of  —2  volts  will  cause  a,  marked  de¬ 
crease  not  only  in  plate  current  but  also  in  the  gam  or  voltage 
amplification  obtained  across  cathode  load  resistor  R- 4.  inus 
degeneration  or  a  decrease  in  sensitivity  of  the  amplifier  1S  ob¬ 
tained  by  feeding  back  into  the  input  or  grid  circuit  of  the  6k  5  a 

portion  of  the  output  energy.  rOo+o 

On  that  half  of  the  alternating  current  cycle  when  the  plate  ot 
the  6F5  is  negative  with  respect  to  the  grid,  a  small  amount  ot 
current  will  flow  onto  the  grid  and  through  the  titration  cell 
In  order  to  minimize  this  current  to  a  point  where  the  titrimeter 
may  be  used  with  polarized  bimetallic  electrodes,  resistor  R- 7  has 

All  the  parts  required  for  this  unrectified  titrimeter  are  of  the 
standard  radio  replacement  type  which  may  be  purchased  at  any 
radio  supply  house  for  a  total  cost  of  less  than  $5. 

Rectified  Circuit 

For  certain  types  of  titrations  where  very  low  grid  current  is 
desired,  the  plates  of  the  thermionic  tubes  must  be  supplied 
with  direct  current.  Figure  2  is  a  circuit  diagram  similar  to 
Figure  1  with  the  exception  that  a  rectifier  has  been  inserted  in 
series  with  the  plate  side  of  the  alternating  current  line.  Since 
the  current  drain  of  the  titrimeter  is  very  small,  an  ordinary 


537 

twin  diode  detector  tube, 
6H6,  is  used  in  conjunction 
with  the  filter  condenser, 

C-L 

Provision  has-  been  made 
in  this  circuit  for  its  use 
with  externally  polarized 
electrodes.  A  small  polar¬ 
izing  current  is  taken  from 
the  cathode  load  of  the  6F5 
by  means  of  resistors  R-8 
and  R- 9  which  may  be  con¬ 
trolled  by  the  switch,  S-2. 

Operation  as  a 
Titrimeter 

The  majority  of  chemists 
are  familiar  with  the  ap¬ 
pearance  of  the  electron-ray 
tuning  indicator  (Magic 
Eye)  of  the  modern  radio. 
When  100  volts  are  applied 
to  the  plate  and  target  of 
the  tube,  the  target  will 
exhibit  a  green  fluorescence 
over  its  entire  surface,  pro¬ 
viding  the  grid  is  maintained 
at  a  potential  3.3  volts 
more  negative  than  the 
cathode.  If  the  grid  is 
maintained  at  the  same  po¬ 
tential  as  the  cathode  (zero 
bias)  a  shadow  of  approxi¬ 
mately  100°  will  be  thrown  on  the  fluorescent  target.  For  all 
practical  purposes  the  shadow  angle  will  be  found  to  be  a  linear 
function  of  the  grid  bias  applied  from  0  to  -3.3  volts.  . 

Let  us  assume  that  a  titration  cell  is  connected  to  the  titnme- 
ter  with  an  initial  potential  of  0.0  volt.  The  potential 
across  R- 4,  which  is  directly  applied  to  the  grid  of  the  6E5 
may  be  offset  by  adjustment  of  R- 3  so  that  the  potential 
difference  between  the  cathode  and  grid  of  the  6Eo  is  zero, 
regardless  of  the  initial  setting  of  the  sensitivity  control,  R-b. 
Under  these  conditions  the  eye  will  remain  open— i.  e.,  lull 
shadow.  If,  during  the  course  of  the  titration,  a  small  nega¬ 
tive  potential  is  applied  to  the  grid  of  the  6F5  by  means  of  the 
cell  electrodes,  the  greatly  decreased  current  flowing  through 
the  cathode  circuit  of  the  6F5  will  cause  the  grid  of  the  6Eo 
to  become  negative  with  respect  to  its  cathode.  The  net  re¬ 
sult  of  the  applied  potential  will  be  a  closing  of  the  eye— 1.  e., 
decrease  of  the  shadow  angle. 

If  an  acid-dichromate  solution  is  to  be  titrated  with  stand¬ 
ard  ferrous  sulfate  solution  with  the  aid  of  the  platinum- 
tungsten  bimetallic  electrode  system,  the  initial  potential  ol 
the  tungsten  electrode  will  be  approximately  0.5  volt  negative. 
If  about  half  of  the  sensitivity  resistance,  R- 6,  is  inserted,  the 
eye  control,  R-3,  may  be  adjusted  so  that  the  entire  target 
fluoresces.  As  ferrous  sulfate  is  added  from  the  buret  the 
potential  difference  remains  practically  constant  until  the 
end  point  is  reached.  At  this  point  the  addition  of  one  drop 
excess  ferrous  sulfate  will  cause  the  potential  difference  be¬ 
tween  the  platinum-tungsten  electrodes  to  drop  to  almost 
zero,  which  will  simultaneously  cause  the  eye  to  open  com¬ 
pletely  Sufficient  indication  of  the  approach  of  the  end 
point  is  given  by  a  flicker  of  the  eye  as  each  drop  is  added  in 
the  vicinity  of  the  end  point. 

Eppley  and  Vosburgh  (I)  have  shown  that  the  point  at 
which  the  great  change  in  electromotive  force  occurs  repre¬ 
sents  the  equivalence  point  for  the  titration  of  dichromate 
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with  ferrous  sulfate.  Most  of  the  usual  oxidation-reduction 
titrations  produce  large  and  definite  breaks  in  voltage  at  the 
end  points  and  consequently  the  type  of  titrimeter  presented 
offers  the  advantages  of  speed  and  simplicity  over  the  con¬ 
ventional  type  of  potentiometer  circuit. 


Figure  3.  Complete  Titration  Assembly 


Several  useful  titrations  either  produce  small  potential 
breaks  at  the  equivalence  point  or  the  slope  of  the  electromo¬ 
tive  force-titration  curve  is  such  that  plotting  of  points  is 
necessary  in  order  to  determine  the  equivalence  point.  Al¬ 
though  the  device  presented  here  does  not  measure  electromo¬ 
tive  force  directly,  it  is  not  strictly  limited  to  titrations  ex¬ 
hibiting  large  potential  breaks.  The  author  has  found  that 
since  the  shadow  angle  of  the  indicator  eye  is  a  reasonably 
linear  function  of  applied  electromotive  force,  buret  readings 
may  be  plotted  against  the  corresponding  shadow  angles  to 
yield  a  curve  which  is  similar  to  the  usual  potentiometric  ti¬ 
tration  curve.  Nonaqueous  titrations  exhibiting  small  po¬ 
tential  breaks  have  been  carried  out  in  this  manner  and  the 
accuracy  has  been  found  to  be  sufficiently  great  for  industrial 
control  purposes. 

In  Figure  3  a  rectified  titrimeter  is  shown  as  part  of  a  com¬ 
plete  titration  assembly.  The  ease  of  operation  of  the  com¬ 
pact  and  sturdy  unit  is  greatly  enhanced  by  placing  the  cath¬ 
ode  ray  tube  directly  behind  the  tip  of  the  titrating  buret. 
The  control  unit  which  may  be  placed  in  any  convenient  po¬ 
sition  is  connected  to  the  eye  by  means  of  a  flexible  cable. 

Sensitivity 

The  sensitivity  is  such  that  for  most  oxidation-reduction 
titrations  the  shadow  will  move  a  full  100°  when  the  poten¬ 


tial  break  at  the  end  point  is  reached.  For  maximum  sensi¬ 
tivity  (R- 6  a  minimum)  a  potential  change  from  0.0  to  20 
millivolts  will  cause  a  full-shadow  movement.  Since  the 
sensitivity  does  not  remain  constant  for  different  initial  ap¬ 
plied  potentials,  a  potential  change  of  50  millivolts  is  neces¬ 
sary  to  cause  full-shadow  movement  when  0.50  volt  is  initially 
applied. 

Although  maximum  sensitivity  may  occasionally  be  de¬ 
sired,  a  decreased  value  may  be  sufficient  for  most  purposes. 
When  50  per  cent  of  the  sensitivity  control  resistance,  R- 6,  is 
inserted,  a  potential  change  of  approximately  250  millivolts  is 
necessary  to  cause  full-shadow  movement.  A  600-millivolt 
“break”  is  necessary  to  operate  the  eye  at  minimum  sensi¬ 
tivity. 

The  values  for  sensitivity  as  given  above  are  only  approxi¬ 
mations,  since  differences  in  the  characteristics  of  the  vacuum 
tubes  will  cause  corresponding  differences  in  sensitivity.  The 
most  satisfactory  results  will  be  obtained  if  a  6E5  is  chosen 
which  draws  a  cathode  current  of  2.5  to  3.5  milhamperes  when 
100  volts  are  applied  to  the  target.  Tubes  of  the  6E5  type 
produced  by  the  National  Union  Radio  Corporation  have 
been  found  to  answer  this  requirement  in  27  out  of  30  trials. 

Stability 

In  actual  practice  both  of  the  circuits  presented  have  been 
found  sufficiently  stable  for  all  potentiometric  titrations.  At 
maximum  sensitivity  a  sudden  line  voltage  variation  of  5 
volts  causes  instantaneous  full-shadow  movement.  If,  how¬ 
ever,  the  line  voltage  should  remain  at  the  new  value,  the 
shadow  will  return  to  its  original  position  after  about  5  seconds 
have  elapsed.  Even  at  full  sensitivity  the  shadow  position 
will  remain  practically  unaffected  for  normal  slow  variations 
of  line  voltage.  At  50  per  cent  maximum  sensitivity  the 
shadow  position  will  be  only  slightly  affected  for  instantane¬ 
ous  line  voltage  variations  of  5  volts. 

When  unusual  conditions  of  line  voltage  variation  are  encoun¬ 
tered,  almost  perfect  stability  may  be  obtained  by  inserting  across 
the  output  of  the  rectifier  (circuit  2)  a  voltage-regulating  tube, 
Type  VR105.  The  necessary  circuit  changes  required  by  the 
addition  of  this  voltage  regulator  are  shown  in  Figure  4.  The 
6H6  rectifier  is  replaced  by  a  25Z6  type  tube  (same  socket  con- 


Figure  4.  Circuit  Changes  Required  for  Voltage 
Regulation 

C-l.  8-mfd.  400-volt  electrolytic  condenser 

R- 2.  Line  cord  resistor,  250-ohm  (Clarostat  PC*  250) 

ff-10.  1000-ohm  2-watt  I.  R.  C.  resistor 
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nections)  in  addition  to  the  insertion  of  the  current  l^ing  re¬ 
sistor  /?-10,  and  the  voltage-regulator  tube  VR105.  1  he  socket 

connections  for  the  latter  tube  are  indicated  in i  Figure i  4.  & ince 
the  25Z6  rectifier  requires  greater  heater  power  than  the  6H6,  the 
value  of  the  line  cord  resistor,  R- 2,  must  be  reduced  to  250  oluns 
as  shown.  Connections  X,  Z,  F- 2,  and  F- 1  are  made  at  the  points 
indicated  in  Figure  2. 

The  addition  of  this  voltage-regulation  feature  will  allow 
instantaneous  alternating  current  line  voltage  variations  of  15 
volts  without  causing  any  perceptible  change  in  the  operating 
shadow  of  the  magic  eye.  If  110-volt  direct  current  is  used 
to  operate  the  titrimeter,  the  voltage  regulator  becomes  in¬ 
operative. 

Grid  Current 

When  alternating  current  is  applied  to  the  plate  of  the  6F5 
amplifier,  a  small  amount  of  current  will  flow  through  the  ti¬ 
tration  cell.  This  current  will  vary  from  a  maximum  of  1 1  to 
a  minimum  of  4  microamperes,  depending  upon  the  position 
of  the  sensitivity  control.  Since  the  sensitivity  is  rarely 
changed  during  a  titration,  this  current  may  fortunately  be 
used  as  polarizing  current  for  a  monometallic  platinum- 
platinum  electrode  system.  If  very  small  platinum  elec¬ 
trodes  are  to  be  used,  it  may  be  necessary  to  reduce  this 
polarization  current  to  2  to  5  microamperes  by  inserting  resist¬ 
ance  R- 7  in  series  with  the  titration  cell. 

For  use  with  cells  requiring  a  minimum  of  current  drain, 
the  rectified  titrimeter  must  be  employed.  The  grid  current 
of  this  circuit  is  governed  somewhat  by  the  selection  of  vac¬ 
uum  tubes  as  well  as  the  sensitivity  setting  and  the  applied 
e.  m.  f .  At  maximum  sensitivity  and  with  zero  applied  e.  m.  . 
the  greatest  amount  of  current  found  was  0.07  microampere. 
A  decrease  in  sensitivity  as  well  as  an  increase  in  negative 
potential  applied  to  the  grid  of  the  6F5  produces  a  marked  de¬ 


crease  in  grid  current.  Thus,  with  50  per  cent  of  fuU  sensi¬ 
tivity  and  an  applied  e.  m.  f.  of  0.2  volt,  the  gnd  current  is 
decreased  to  3  X  10“10  ampere.  For  all  practical  purposes 
this  minute  current  will  not  affect  even  the  most  sensitive  of 

titration  cells.  ,  „ 

A  polarization  current  of  between  3  and  6  microamperes, 
depending  again  upon  the  sensitivity  control,  may  be  ob¬ 
tained  from  the  rectified  titrimeter  for  use  with  the  polarized 
monometallic  platinum-platinum  electrode  system 

Since  the  sensitivity  of  the  titrimeter  is  markedly  decreased 
by  the  insertion  of  a  high  resistance  in  senes  with  the  exter¬ 
nally  applied  e.  m.  f.,  the  use  of  highTresistance  electrodes 
such  as  the  glass  electrode  will  lead  to  discouraging  results. 
Furthermore,  since  both  of  the  units  described  are  of  the  trans¬ 
formerless  alternating-direct  current  type,  caution  must  be 
exercised  to  prevent  any  part  of  the  circuit  or^te  ,  ele,c‘ 
trode  connections  from  becoming  grounded.  The  electrode 
cables  should  be  well  insulated  and  care  should  be  exercised 
that  no  part  of  the  electrode  system  becomes  grounded 
through  the  electrode  holder  and  titration  stand.  As i  an 
added  precaution  to  the  operator,  the  titration  stand  which 
holds  the  buret  and  stirring  motor  may  be  grounded  to  a  con¬ 
venient  water  pipe. 
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A  Portable  Aspirator  Pump 

ROBERT  C.  HOCKETT 
Massachusetts  Institute  of  Technology , 
Cambridge,  Mass. 


THE  distillations  under  reduced  pressure  that  are  earned 
out  in  most  research  laboratories  fall  generally  into  two 
types,  (1)  distillations  of  compounds  to  purify  them  under 
relatively  mild  conditions  and  (2)  removal  of  solvents  rapidly 
and  at  relatively  low  temperatures.  The  pumps  suitable  for 
these  distinct  purposes  are  of  quite  different  specifications. 
Mechanical  and  mercury  diffusion  pumps  are  well  adapted 
for  the  vacuum  distillations  of  organic  liquids,  since  high 
vacua  are  often  desirable  and  trapping  out  vapors  presents  a 
relatively  easy  problem,  simply  because  the  trapped  sub¬ 
stances  are  definitely  minor  constituents  of  the  mixtures  sub¬ 
mitted  to  such  treatment. 

On  the  other  hand,  where  the  problem  is  that  of  removing 
solvents  in  gallon  quantities  from  nonvolatile  materials,  high 
vacua  are  rarely  necessary,  and  the  trapping  of  vapors  so  that 
not  even  traces  will  enter  the  pump  becomes  exceedingly  diffi¬ 
cult.  In  such  cases  an  aspirator  pump  when  operating  at 
maximum  efficiency  is  almost  ideal  for  the  purpose,  since  no 
precautions  need  be  taken  against  entrance  of  vapors  into  the 
aspirator  where  they  are  rapidly  diluted  with  water.  I  he 
defects  of  the  aspirator  are  due  rather  to  the  insufficient  or 
fluctuating  water  pressures  frequently  encountered  m  labora¬ 
tories,  especially  those  above  the  ground  floor.  In  addition, 
the  consumption  of  water  may  rise  to  very  high  figures. 


The  apparatus  illustrated  in  the  accompanying  photograph 
as  designed  to  avoid  these  difficulties  and  also  to  confer  the ^  adv¬ 
antage  of  mobility  upon  the  apparatus.  A  water  pump  (that 
ild  by  Sears  and  Roebuck,  No.  42  EM  29o5,  is  of  this  type)  de- 
med  primarily  for  summer  camps  and  small  cottages  is  used  to 
rive  water  from  a  reservoir  through  an  aspirator  and  back  mto 
he  reservoir.  The  pump,  which  is  of  the  piston  type  and  oper- 
ted  by  an  electric  motor,  draws  water  from  an  intake  and  forces 
■  into  a  cast-iron  bulb  against  an  air  cushion  which  in  turn  throws 
ff  a  pressure  switch  when  40  pounds  is  reached,  thus  cutting  off 
he  motor.  As  long  as  the  escape  of  water  is  prevented  the  motor 
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remains  stationary.  On  opening  the  escape  valve,  water  flows  out 
to  a  minimum  pressure  of  25  pounds,  at  which  point  the  pressure 
switch  again  starts  the  motor. 

The  author  mounted  this  pump  upon  a  centrifuge  carriage 
equipped  with  large  castors.  (The  centrifuge  truck  sold  by  the 
Central  Scientific  Company,  No.  11,681,  meets  these  specifica¬ 
tions.  A  satisfactory  truck  could  easily  be  improvised  using 
wooden  boards,  pipe,  and  castors.)  A  6-inch  section  of  copper 
pipe  connects  the  pump  outlet  through  a  gate  valve  to  an  ordinary 
aspirator  from  which  water  flows  through  a  copper  tube  into  a  10- 
gallon  wooden  keg  suspended  underneath  the  carriage  and  half 
filled  with  water.  The  pump  inlet  is  attached  to  a  section  of 
garden  hose  which  dips  to  the  bottom  of  the  same  reservoir.  The 
air  inlet  of  the  aspirator  is  threaded  into  a  brass  tee,  one  arm  of 
which  is  attached  to  the  system  to  be  evacuated  while  the  other 
carries  a  vacuum  gage.  (The  Central  Scientific  Company’s 
vacuum  gage  No.  94,030  is  very  suitable.) 

To  operate,  it  is  only  necessary  to  plug  in  the  electrical  con¬ 
nection  and  open  the  gate  valve.  In  practice,  the  author  has 


found  that  when  the  gate  is  wide  open,  the  motor  runs  almost, 
continuously.  Operating  between  pressures  of  25  and  40 
pounds  the  efficiency  of  the  aspirator  is  maintained  at  a  maxi¬ 
mum  and  without  fluctuations.  Such  a  pump  will  evacuate 
a  system  of  2-quart  capacity  to  the  vapor  pressure  of  water  in 
about  2  minutes.  By  slight  modifications  it  might  be  possible 
to  obtain  lowTer  pressures  by  using  ice  water. 

A  plug  near  the  bottom  of  the  reservoir  permits  draining 
out  the  contents,  which  are  conveniently  replenished  through 
the  intake  hose.  Since  the  water  is  recirculated,  the  removal 
of  only  neutral  solvents  is  recommended,  and  frequent  changes 
of  reservoir  liquid  are  desirable.  Though  planned  primarily  for 
concentrating  aqueous  solutions,  the  pump  has  handled 
methanol,  ethanol,  chloroform,  and  the  Cellosolves  very 
satisfactorily.  Its  use  has  very  markedly  speeded  up  the 
concentration  of  solutions  in  this  laboratory. 


Saybolt  One  Fifteen  Viscometer 

E.  W.  DEAN,  E.  L.  RUH,  AND  R.  W.  WALKER,  Standard  Oil  Development  Co.,  New  York,  N.  Y. 


THE  Saybolt  viscometer  was  devised  in  its  original  form 
by  George  M.  Saybolt  in  1885  (6).  After  passing  through 
several  stages  of  development  the  so-called  Universal  type 
was  standardized  by  the  U.  S.  Bureau  of  Standards  ( 5 )  about 
1917,  and  the  Furol  type  was  adopted  by  the  United  States 
Shipping  Board  (Jj.)  for  testing  its  purchases  of  fuel  oil  during 
1920.  Both  instruments  were  subsequently  adopted  as 
standards  by  the  American  Society  for  Testing  Materials,  the 
American  Petroleum  Institute,  and  the  American  Standards 
Association.  The  Saybolt  Furol  instrument  is  used  chiefly 
for  testing  “heavy”  fuel  oils.  The  Universal,  which  gives 
values  approximately  ten  times  those  of  the  Furol,  is  employed 
chiefly  for  lubricating  oils. 

Purpose  of  Saybolt  One  Fifteen  Viscometer 

Modern  developments  in  the  production  and  utilization 
of  lubricating  oils  have  created  a  need  for  a  higher  degree  of 
precision  in  the  determination  of  viscosity  than  can  be  at¬ 
tained  with  the  Saybolt  Universal  viscometer.  The  A.  S. 
T.  M.  has  standardized  apparatus  and  procedure  for  the 
convenient  and  accurate  determination  of  kinematic  vis¬ 
cosity  (3)  and  has  established  official  tables  (1)  for  the  con¬ 
version  of  these  values  to  the  familiar  Saybolt  Universal 
scale.  These  developments,  however,  do  not  fully  meet  the 
needs  of  certain  laboratories  where  conditions  are  not  favor¬ 
able  for  the  use  of  long-capillary  glass  instruments. 

The  Saybolt  Universal  viscometer,  if  properly  operated,  is 
an  instrument  of  considerable  precision.  A.  S.  T.  M.  Method 
D88-38  indicates  maximum  errors  not  exceeding  0.5  per  cent 
for  tests  performed  under  optimum  conditions.  This  degree 
of  accuracy,  however,  is  somewhat  difficult  to  attain  with 
products  of  low  viscosity,  as  illustrated  by  the  fact  that  it 
represents  only  0.2  second  for  an  oil  of  40  seconds  outflow 
time.  Errors  in  the  measurement  of  time  can  often  account 
for  variations  of  this  magnitude.  Furthermore,  the  relation¬ 
ship  between  the  Saybolt  Universal  and  kinematie  scales  is 
such  that  this  0.2  second  is  actually  equivalent  to  a  differ¬ 
ence  of  about  1.5  per  cent  in  kinematic  viscosity. 

The  Saybolt  One  Fifteen  viscometer,  described  in  more 
detail  below,  is  identical  with  the  Universal  except  that  the 
diameter  of  the  outflow  tube  is  smaller.  This  increases  the 
efflux  time  and  accomplishes  the  double  purpose  of  improving 
the  accuracy  of  determinations  in  the  low  range  and  reducing 
the  ratio  between  differences  in  terms  of  the  Saybolt  out¬ 


flow  time  and  kinematic  viscosity.  As  a  conservative  esti¬ 
mate  it  may  be  stated  that  the  Saybolt  One  Fifteen  instru¬ 
ment  gives  as  good  accuracy  with  a  4.0-centistoke  oil  as  the 
Universal  does  with  a  15.0-centistoke  oil.  The  approximate 
Saybolt  Universal  equivalents  of  4.0  and  15.0  centistokes 
are  40  and  77  seconds,  respectively. 

Development 

Experience  with  the  Furol  viscometer  has  demonstrated  the 
possibility  of  adapting  the  Saybolt  type  of  instrument  to 
products  that  cannot  be  tested  conveniently  in  the  Universal. 
The  Furol  and  Universal  are  identical  except  as  regards  di¬ 
ameters  of  the  outlet  tubes,  and  the  outflow  time  of  the 
former  is  about  one  tenth  of  that  of  the  latter.  It  was  thought 
that  another  instrument  might  be  developed  which  had  an 
outflow  time  about  ten  times  that  of  the  Universal.  An 
outlet  tube  was  made  with  the  diameter  calculated  to  give 
the  desired  rate  of  flow  and  at  the  same  time  several  others 
were  fabricated  which  had  progressively  larger  orifices. 
These  were  attached  to  available  tubes  and  tried  out  in  actual 
tests  on  several  low  viscosity  oils.  The  combined  experience  of 
the  instrument  maker  who  fabricated  the  outlet  tubes  and  the 
laboratory  operators  who  used  the  instruments  indicated  that 
an  orifice  diameter  of  about  1.15  mm.  and  a  theoretical  efflux 
time  ratio  of  5.5  was  preferable  to  the  approximate  orifice  di¬ 
ameter  of  0.99  mm.  which  gave  a  ratio  of  ten  to  one  as  com¬ 
pared  with  the  Universal. 

After  reaching  a  decision  regarding  the  general  character¬ 
istics  of  the  new  instrument,  a  number  of  complete  tubes 
were  fabricated  and  placed  in  service  in  laboratories  of  com¬ 
panies  with  which  the  authors  are  associated.  Satisfactory 
experience  has  been  reported  throughout  a  period  in  excess  of 
a  year.  After  casual  consideration  of  several  possible  names 
for  the  new  instrument,  it  was  decided  to  designate  it  in  terms 
of  the  approximate  metric  diameter  of  the  outlet  tube. 

Calibration 

After  some  initial  experience  with  a  tentative  calibration 
curve  developed  by  direct  comparison  of  Saybolt  Universal 
and  Saybolt  One  Fifteen  instruments,  it  was  decided  that  the 
latter  should  preferably  be  calibrated  in  terms  of  kinematic 
viscosity.  A  number  of  suitable  oils  were  obtained  and  tested. 
The  results  obtained  are  shown  in  Table  I. 
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Table  I.  Data  fob 


No.  Oil 


Calibration  of  Saybolt  One  Fifteen 
Viscometer 


Differ- 

S-115c  S-1154  encee, 

SUa  K>  (Actual)  (Calcd.)  % 


Tests  at  100°  F. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


Domestic  No.  2  fuel 

Gas  oil 

300  oil 

300  oil 

Gas  oil 

Gas  oil 

Fruit  spray  oil 
Debloomed  oil 
Light  spindle  oil 
Paraffin  distillate 
Straw  oil 
Debloomed  oil 
Neutral  oil 
Pale  paraffin  oil 
Pale  paraffin  oil 
Ice  machine  oil 
Compounded  cutting  oil 
Pharmaceutical  white  oil 
Pale  spindle  oil 


34 

38 

40 

41 
46 
49 
53 
57 
64 
69 
74 
80 
J89 
94 

100 

111 

119 

134 

154 


2.469 

3.490 

4.476 

4.744 

6.240 

7.034 

8.181 

9.548 

11.56 

12.83 

14.10 

15.63 

17.94 

19.22 

20.66 

23.15 

25.12 

28.24 

32.98 


107. 

7 

108. 

15 

+0. 

41 

126. 

2 

126. 

76 

+0. 

44 

145. 

5 

145. 

81 

+0. 

21 

150. 

6 

151. 

15 

+  0. 

37 

181. 

9 

182. 

0 

+  0. 

06 

198. 

2 

199. 

0 

+0. 

40 

224. 

2 

224. 

2 

0. 

00 

256. 

2 

255. 

2 

-0. 

39 

303. 

.5 

302. 

5 

-0. 

.33 

334, 

,2 

333 

.2 

-0 

.30 

365 

.2 

364 

.5 

-0 

.19 

401 

.6 

400 

.2 

-0 

.35 

460 

.0 

459 

.3 

-0 

.  15 

492 

.1 

492 

.1 

0 

.00 

528 

.4 

528 

.9 

+0 

.09 

591 

.0 

592 

.7 

+0 

.29 

641 

.2 

643 

.1 

+  0 

.30 

722 

.8 

723 

.0 

+0 

.03 

846 

1 

844 

.3 

-0 

.21 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


Tests  at  210°  F. 


Neutral  oil 
Low  cold-test  pale  oil 
Coastal  10W  motor  oil 
Pale  paraffin  oil 
Coastal  20W  motor  oil 
Pennsylvania  10W  motor 
oil 

Pennsylvania  20W  motor 
oil 

Coastal  SAE  30  motor  oil 
High  V.  I.  20W  motor  oil 
High  V.  I.  SAE  30  motor  oil 
Coastal  SAE  40  motor  oil 
Mid-continent  SAE  40  mo¬ 
tor  oil 

Mid-continent  SAE  40  mo¬ 
tor  oil  _  „ 

Mid-continent  SAE  50  mo¬ 
tor  oil 

Pennsylvania  SAE  50  mo- 
tor  oil 

Pennsylvania  SAE  60  mo¬ 
tor  oil 

High  V.  I.  SAE  60  motor  oil 
Pennsylvania  SAE  70  mo¬ 
tor  oil 

Mid-continent  SAE  70  mo¬ 
tor  oil 

High  V.  I.  SAE  70  motor  oil 


35 

36 
38 
40 
44 

47 

53 

53 

59 

66 

71 

78 

80 

87 

94 

110 

119 

125 

131 

139 


2.619 

3.065 

3.572 

4.141 

5.529 

6.575 

8.186 

8.308 

9.824 

11.91 

13.33 

15.15 

15.60 

17.31 

19.00 

22.74 

24.78 

26.30 

27.47 

29.35 


111.6 

120.3 

129.4 

141.4 
169.1 

111.76 

120.13 

129.92 

141.22 

169.96 

+  0.14 
-0.14 
+  0.40 
-0.13 
+  0.51 

192.1 

192.55 

+0.23 

229.0 

230.9 

267.5 

318.8 

353.7 

228.70 
231.47 
266 . 80 
317.10 
353.0 

-0.13 
+  0.25 
+  0.26 
-0.53 
-0.20 

400.4 

401.2 

+  0.20 

411.1 

413.1 

+0.49 

457.3 

458.4 

+  0.24 

501.2 

503.2 

+0.40 

600.6 

659.3 

602.2 

656.3 

+  0.27 
-0.46 

696.1 

696.5 

+  0.06 

731.2 

781.2 

727.5 

777.3 

-0.51 

-0.50 

»  Approximate  Saybolt  Universal  viscosity.  . 

t  Experimentally  determined  kinematic  visc9Sity  in  centistokes. 
e  Experimentally  determined  outflow  time  in  seconds  with  Saybolt  One 

Fifioutflow°ti!meerin  seconds  with  Saybolt  One  Fifteen  viscometer  as  calcu- 

*a*eepgr^^tage  diffSe'nce  be^umen*  actual  and  calculated  S-115  values. 


The  desirability  of  providing  laboratory  operators  with 
convenient  conversion  tables  was  recognized,  and  in  order 
to  facilitate  the  preparation  of  these  tables  the  following 
equations  were  developed: 

For  tests  at  100°  F. 

t  =  72  +  12.22  (F1-*)  (1) 

t  =  0.03906  F  (2) 

For  tests  at  210°  F. 

t  =  71  +  13.00  (F1-187)  (3) 

t  =  0.03776  F  (4) 

t  represents  outflow  time  in  seconds  with  the  Saybolt  One 
Fifteen  viscometer,  and  V  represents  kinematic  viscosity. 
Equations  1  and  3  were  used  to  cover  ranges  of  kinematic 
viscosity  up  to  16.4  and  13.2  centistokes,  respectively.  Equa¬ 
tions  2  and  4  were  used  for  the  higher  viscosity  ranges  where  the 
so-called  kinetic  energy  correction  is  of  negligible  magnitude. 

It  is  not  felt  that  the  mathematical  form  of  Equations  1  and 
3  has  any  theoretical  significance.  They  were  used  simply 
because  they  served  to  represent  the  experimental  data  as 
straight  fines  on  logarithmic  paper.  Equations  2  and  4  are, 
of  course,  of  the  normal  type  used  for  representing  the  rela¬ 
tionship  between  kinematic  viscosity  and  outflow  time  for 
slow  rates  of  flow. 

Some  of  the  differences  between  measured  and  calculated 
kinematic  viscosities  are  larger  than  can  be  explained  by  ex¬ 


perimental  errors,  or  by  the  possibility  that  the  equations  do 
not  perfectly  represent  the  experimental  data.  The  deter¬ 
minations  were  made  with  extreme  care  and  the  degree  of 
accuracy  is  appreciably  higher  than  would  be  maintained  or 
normal  testing.  It  is  believed  that  these  differences  repre¬ 
sent  some  definite  though  as  yet  unidentified  characteristic  of 
the  individual  oils.  Similar  abnormalities  have  been  ob¬ 
served  in  the  course  of  some  highly  precise  work  with  Saybolt 
Universal  viscometers.  These  differences  are  not  important 
in  routine  testing  with  either  of  the  Saybolt  instruments,  as 
they  are  of  the  same  order  of  magnitude  as  normal  experi¬ 
mental  errors,  but  they  are  significant  in  connection  with  a 
method  recommended  for  establishing  operating  conditions 
when  testing  at  210°  F. 

Table  II  is  a  condensation  of  a  set  of  working  tables  that 
have  been  prepared  for  laboratory  operators.  The  Saybolt 
Universal  figures  are  A.  S.  T.  M.  equivalents  ( 1 )  of  the  centi- 
stoke  values.  They  are  in  excellent  agreement  with  the  pre¬ 
viously  mentioned  preliminary  calibration  table,  the  figures 
of  which  were  based  on  a  direct  comparison  of  the  Saybolt 
Universal  and  Saybolt  One  Fifteen  instruments. 

The  actual  working  tables  cover  the  range  100  to  750 
seconds  Saybolt  One  Fifteen  outflow  time  in  1-second  incre¬ 
ments. 


Operation 

The  operating  procedure  for  the  Saybolt  One  Fifteen  vis¬ 
cometer  is  the  same  as  for  the  Saybolt  Universal.  The  direc¬ 
tions  of  the  A.  S.  T.  M.  method  {2)  should  be  followed,  with 
one  recommended  deviation. 

The  A.  S.  T.  M.  directions  provide  that  bath  temperatures 
shall  be  selected  which  are  “necessary  to  maintain  thermal 
equilibrium”  while  the  oil  in  the  oil  tube  is  well  stirred  with 
the  oil  tube  thermometer,  etc.  This  procedure,  although 
satisfactory  for  the  lower  standard  temperatures  of  test,  does 
not  appear  to  be  entirely  reliable  for  210°  F.  The  authors 
have  found  that  the  safest  and  simplest  rule  for  Saybolt  Uni¬ 
versal  tests  is  that  operators  must  use  accurately  adjusted 
tubes  and  approved  accessories,  and  must  adjust  bath  tem¬ 
peratures  so  that  the  correct  outflow  time  will  be  obtained 
with  A.  P.  I.  Beta  oil  ( 2 ,  S),  or  a  secondary  standard  oil  of 
similar  characteristics.  There  seems  to  be  a  considerable 
possibility  of  difference  in  the  ideas  of  various  operators  as  to 


Table  II.  Condensation  of  Working  Tables  for 
Saybolt  One  Fifteen  Viscometer 


Outflow  Time, 
Saybolt  115 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

220 

240 

260 

280 

300 

320 

340 

360 

380 

400 

450 

500 

550 

600 

650 

700 

750 


Centistokes 
at  100°  F. 

I. 996 
2.574 
3.127 
3.661 
4.180 
4.687 
5.182 
5.669 
6.147 
6.617 
7.081 
7.992 
8.882 
9.755 

10.62 

II. 46 

12.29 
13.11 
13.92 
14.72 
15.51 
17.58 
19.53 
21.48 
23.44 
25.39 
27.34 

29.30 


Outflow  Time, 
Saybolt  Uni¬ 
versal  at 
100°  F. 

32.6 

34.6 

36.4 

38.1 

39.7 

41.3 
42.9 

44.4 
46.0 

47.5 
49.0 
52.0 
55.0 
58.0 

61.0 

64.0 

67.0 

70.0 

73.1 

76.1 

79.2 

87.5 

95.5 
103.8 
112.2 

120.7 
129.2 

137.8 


Centistokes 
at  210°  F. 

I. 966 
2.523 
3.058 
3.576 
4.081 
4.573 
5.056 
5.531 
5.998 
6.458 
6.913 
7.805 
8.679 
9.536 

10.38 

II. 21 
12.03 
12.84 
13.59 
14.35 
15.10 
16.99 
18.88 
20.77 
22.66 
24.54 
26.43 
28.32 


Outflow  Time, 
Saybolt  Uni¬ 
versal  at 
210°  F. 

32.7 

34.7 

36.4 

38.1 

39.6 

41.2 

42.8 

44.3 

45.8 

47.3 

48.8 

51.7 

54.7 

57.6 

60.6 

63.5 

66.5 

69.5 

72.3 

75.3 
78.1 
85.7 

93.5 

101.5 

109.6 

117.8 
126.1 
134.5 
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what  constitutes  “thermal  equilibrium”  when  testing  at 
210°  F.  and  the  use  of  a  standardized  oil  has  eliminated  a 
great  deal  of  trouble. 

A  parallel  procedure  when  adjusting  bath  temperatures 
for  tests  at  210°  F.  with  the  Saybolt  One  Fifteen  viscometer  is 
to  use  an  oil  of  known  kinematic  viscosity.  It  is,  however,  de¬ 
sirable  that  the  Saybolt  One  Fifteen  outflow  time,  as  certified 
from  an  authoritative  source,  should  also  be  known.  The 
reason  for  this  has  been  indicated  in  the  discussion  of  varia¬ 
tions  between  experimental  and  calculated  values  listed  in 
Table  I. 

In  many  instances  it  probably  will  be  desirable  to  operate 
Saybolt  One  Fifteen  tubes  in  multiple-unit  thermostatic 
baths  in  which  one  or  more  Universal  tubes  are  also  installed. 
In  such  cases  it  is  practical  to  adjust  the  bath  temperature  so 
that  the  Saybolt  Universal  tube  (or  tubes)  gives  the  correct 
values  with  a  standard  oil  such  as  A.  P.  I.  Beta.  This  was 
done  in  the  tests  which  are  represented  by  data  listed  in 
Table  I.  If  extreme  accuracy  is  required,  account  must  be 
taken  of  the  deviations  of  the  tubes  from  normal  outflow  time 
as  determined  by  direct  comparison  with  standardized  tubes. 

The  one  respect  in  which  the  One  Fifteen  instrument  seems 
to  be  less  reliable  than  the  Universal  is  that  on  occasions  its 
results  show  poor  repeatability.  This  has  been  found  to  be 
due  to  excessive  dust  in  the  air  of  the  room  where  tests  are 
conducted.  Dust  particles,  if  stirred  into  the  oil  and  tem¬ 
porarily  or  permanently  lodged  in  the  outflow  tube,  are  ca¬ 
pable  of  causing  greater  deviations  with  the  One  Fifteen  than 
in  the  wider  orifice  of  the  Universal.  This  trouble  rarely  oc¬ 
curs  without  being  noticed  and  can  usually  be  eliminated  by 
maintaining  a  proper  degree  of  cleanliness  in  the  laboratory. 
It  is  sometimes  necessary  to  keep  windows  and  doors  closed  if 
the  outside  air  is  heavily  laden  with  dust. 

The  Saybolt  One  Fifteen  viscometer  is  not  a  complete  sub¬ 
stitute  for  long-capillary  glass  instruments  such  as  are  gen¬ 


erally  employed  for  determining  kinematic  viscosity.  There 
are,  however,  many  laboratories  which  cannot  as  yet  employ 
the  latter  type  of  instrument  advantageously  but  which  are 
now  using  the  Saybolt  Universal  and  can  install  and  use  One 
Fifteen  tubes  to  good  advantage.  The  accuracy  of  their 
determinations  in  the  low  viscosity  range  will  be  improved 
and  the  necessity  of  purchasing  additional  accessories  or 
training  operators  in  new  technique  will  be  avoided. 

Availability 

Assurance  has  been  obtained  that  at  least  one  manufac¬ 
turer  of  oil  testing  instruments  will  produce  and  sell  Saybolt 
One  Fifteen  tubes  if  a  commercial  demand  develops.  The 
authors  are  prepared  to  assist'  other  manufacturers  ini  es¬ 
tablishing  calibration  standards  and  in  obtaining  working 
tables  and  certified  calibration  oils  for  distribution  to  cus¬ 
tomers. 
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Slide  Rule  for  Water  Technology  Calculations 


A.  ADLER  HIRSCH 

State  Department  of  Education,  Baton  Rouge,  La. 

A  SPECIAL  slide  rule  with  arithmetic  divisions  spaced  in¬ 
versely  according  to  the  calcium  carbonate  equivalent 
weights  of  the  various  components  solves  directly  various 
water  technology  calculations  involving  concentration  con¬ 
versions,  equivalents,  ionic  balances,  and  chemical  dosage. 
By  certain  artifices  it  furnishes  close  approximations  to  a  di¬ 
versity  of  other  water  chemistry  problems  which  depend  on 
first  degree  equations.  Nineteen  applications  are  listed. 

Ten  scales  are  provided  as  shown.  On  the  top  stock  are 
drawn  transruled  scales  for  converting  grains  per  gallon  and 
pounds  per  million  gallons,  and  also  an  A  scale  which  func¬ 
tions  dually  for  parts  per  million  conversions  and  for  alka¬ 
linity  as  calcium  carbonate.  Aong  the  edges  of  the  slide 
proper  two  split  scales  represent  the  chloride  and  sulfate  an¬ 
ions  and  the  calcium  and  magnesium  cations,  each  pair  of 
segments  being  numbered  in  opposite  directions  from  an  in¬ 
ternal  zero  point  to  minimize  manipulations.  Scales  for  so¬ 
dium,  theoretical  lime  (90  per  cent  calcium  oxide),  and  soda 
ash  (95  per  cent  sodium  carbonate)  dosages  are  on  the  bottom 
stock. 


Direct  Applications 

The  following  types  of  problems  may  be  solved  directly  or 
greatly  abridged ;  the  corresponding  slide-rule  operations  are 
indicated  briefly  in  parentheses. 

A.  Problems  solved  by  direct  alignment 

1.  Conversion  of  concentration  units  (align  scales  in¬ 

volved) 

2.  Determination  of  calcium  carbonate  equivalents  (align 

quantity  with  A  scale) 

3.  Lime  dosage  )  (align  equivalents  on  A  scale  with 

4.  Soda  ash  dosage )  dosage  scale) 

B.  Ionic  sums  solved  by  direct  addition 

5.  Calculation  of  hardness  from  analysis  (read  calcium 

and  magnesium  on  A  scale) 

6.  Total  milligram  equivalent  concentration  (summation 

of  anions  or  cations  in  p.  p.  m.  on  A  scale  -s-  50) 

7.  Character  formulation  (application  of  above) 

8.  Calculation  of  sodium  by  balancing  ions  (see  example) 

9.  Hypothetical  compounds  (successive  distribution  of 

residua) 

10.  Ionic  strength  (successive  addition  of  monovalent  ions 
as  p.  p.  m.  of  calcium  carbonate  plus  4  times  bivalent 
ions,  all  4-  200,000) 

Example.  Calculation  of  sodium  by  balancing  ions.  This 
procedure,  involving  mechanical  addition  followed  by  subtrac- 
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tion,  is  the  specific  purpose  for  which  the  slide  rule  was  originally 
designed.  Computation  time  is  reduced  to  a  matter  of  seconds. 
Assume  a  surface  water  of  the  following  lomc  composition: 


Anion 

P.  p.  m. 

Cation 

P.  p.  m. 

Alkalinity  as  CaCOs 

SO4 

Cl 

97 

42 

16 

Ca 

Mg 

Na 

38 

8 

18 

Solution  for  undetermined  sodium.  Opposite  97  °n  the  4 
scale  set  16  on  the  Cl  scale,  then  move  the  glass  to  4-  on  the  S04 
scale.  Under  the  glass  now  set  8  on  the  Mg  scale;  opposite  38 
on  the  Ca  scale  read  the  required  answer,  16,  on  the  Na  scale. 

%! 

Approximations 

Problems  which  may  be  quickly  approximated  by  special 
artifices  include : 

A.  Dosage  and  other  problems  solved  by  substituting  scales  to 
obtain  proper  ratios 

1.  Sulfuric  acid  to  reduce  carbonates  (carbonate  reduction 

on  A;  read  sulfuric  acid  on  S04  scale,  with  l  per 

2.  Theoretical  Sodium  sulfite  for  oxygen  removal  (set 

dissolved  oxygen  X  10  on  A,  note  S04;  reset  to  this 
value  on  A,  read  pounds  per  million  gallons  -  100, 
shows  1.5  per  cent  excess) 

3.  Sodium  sulfoglucosate  (2)  for  oxygen  removal  (set 

dissolved  oxygen  X  100  on  pounds  per  million 
gallons,  read  A  without  error) 

4.  Calgon  (S)  sequestration  (10  X  Cl  reading  matched 

against  hardness  on  S04;  gives  1  per  cent  excess) 

5.  Amount  of  boiler  scale  (5),  pounds  per  1000  gallons 

(add  components:  suspended  solids,  set  on  A,  read 
pounds  per  million  gallons  4-  1000;  p.  p.  m.  Mg  set  on 
Cl  read  S04  4-  100,  error  is  2  per  cent;  p.  p.  m.  La 
set  on  A,  read  Mg  4-  100,  with  1  per  cent  error) 

B.  Miscellaneous  problems 

6.  A.  S.  T.  M.  ratio  (estimate  ratio  of  S04  value  set  on  Cl 

scale  to  alkalinity  on  A)  .  ,  n 

7.  Soap  waste  cost  (6)  (set  the  central  index  opposite  11 

on  A,  opposite  hardness  on  S04  read  cost,  cents  per 

8  QualRy^Stioi*  water  «)  (type  of  alkali  immedi- 
^  ately  identified  from  equivalents;  quahty  determined 
from  a  procedure  based  on  reciprocals  of  the  alkali 

coefficient)  .  . 

9.  Electrical  conductivity  (see  example) 

Example.  Electrical  conductivity  calculation.  The  formula 
of  Gustafson  and  Behrman  ( 1 )  may  be  recast  for  purpose  of  slide 
rule  approximation  to  read:  noncarbonate  anions  as  p.  p.  m. 

CaC03  +  0.744  alkalinity 
Conductivity  mho  (X  105)  =  4 

Since  equivalent  Cl  =  0.71  alkalinity,  there  follows  with  4 
per  cent  maximum  error:  noncarbonate  aniong  as  p.  p.  m. 

CaC03  on  Cl  scale  +  p.  p.  m. 

Conductivity  mho  (X  10‘)  .  - alkalinity  on  d  scale - 

on  Cl  scale  4 

To  find  the  conductivity  of  the  water  sample.  first  detennme 
the  equivalent  anion  concentration  (165  P.p.  1 ciUale 

noncarbonate  anions  are  68 Ip.  p.  ^Aict/Aw  X  10^)  on  Cl 
opposite  97/4  on  A  and  read  35  mho  conductivity  (X  ;  o 

at  the  left  margin  of  the  stock. 
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Spiral  Screen  Packing  for  Efficient  Laboratory 

Fractionating  Columns 


HERBERT  S.  LECKY  AND  RAYMOND  H.  EWELL,  Purdue  University,  Lafayette,  Ind. 


ONE  of  the  principal  research  tools  in  university  and  in¬ 
dustrial  chemical  laboratories  is  the  laboratory  frac¬ 
tionating  column,  particularly  the  packed  column  type.  A 
number  of  types  of  packing  are  in  common  use,  including 
chain  packing,  Raschig  rings,  Fenske  single-turn  helices  of 
glass  or  metal,  and  Stedman  conical  wire  gauze  packing. 
All  these  and  others  are  described  by  Ward  (7) .  The  Stedman 
packing  has  been  discussed  in  more  detail  by  Bragg  (2),  who 
showed  it  to  be  the  most  efficient,  packing  described  up  to  that 
time. 


The  efficiency  of  fractionating  columns  is  determined 
largely  by  the  amount  and  thoroughness  of  contact  between 
the  descending  liquid  and  the  ascending  vapor.  Toward  this 
end  the  idea  of  a  continuous  flat  spiral  of  metal  gauze  enclosed 
between  two  concentric  glass  tubes  was  conceived.  This  type 
of  packing  should  provide  a  long  path  for  the  liquid  and  vapor 
to  travel,  liquid- vapor  contact  on  both  sides  of  the  gauze 
spiral,  small  holdup,  small  pressure  drop,  and  a  large  free 
space,  making  possible  a  large  throughput. 

Packing  of  this  type  was  constructed  by  punching  washers 
from  60  X  60  or  80  X  80  mesh  nickel  gauze  (the  former  was  used 
for  the  most  part,  but  there  seemed  to  be  little  difference  between 
the  two  sizes).  Each  washer  was  then  cut  along  a  radius  and 


Figube  1.  Specimens  of  Spikal  Screen 
Packing 

A.  0. 75-inch  cupped  spiral 

B.  Short  section  of  A  extended  to  showed  cupped  edges 

C.  D,  E.  0.5-inch  cupped  spirals 

F.  Short  section  of  1.5-inch  fiat  spiral  with  foil  on  edges 


these  split  washers  were  spot-welded  together  to  form  a  long  con¬ 
tinuous  spiral  (F,  Figure  1).  After  some  calculations  concerning 
screen  area,  gradient  of  the  spiral,  and  length  of  vapor  path,  it 
was  decided  to  make  the  center  hole  about  one  third  the  diameter 
of  the  entire  washer  (except  in  the  1.25-cm.,  0.5-inch,  size),  and 
to  have  the  turns  spaced  to  give  an  average  vapor  path  six  to  ten 
times  the  vertical  height.  Packings  were  made  in  three  sizes :  1.25- 
cm.  (0.50-inch)  outside  diameter  with  0.31-rm.  (0.125-inch)  hole, 
1.875-cm.  (0.75-inch)  outside  diameter  with  0.625-cm.  (0.25-inch) 
hole,  and  3.75-cm.  (1.5-inch)  outside  diameter  with  1.25-cm. 
(0.5-inch)  hole.  A  sealed  glass  tube  or  nickel  rod  was  inserted 
in  the  center  hole  of  the  spiral  to  provide  support  and  to  prevent 
the  vapors’  rising  directly  up  the  center  of  the  packing.  The 
packing  was  then  inserted  into  a  close-fitting  outer  tube.  This 
wras  easily  done  by  screwing  a  spiral  of  heavy  wire  into  the  spiral 
packing,  inserting  this  assembly,  and  then  unscrewing  the  ware 
spiral.  This  ensures  uniform  spacing  of  the  turns  of  the  packing, 
which  is  essential  for  most  efficient  operation. 

The  packing  was  placed  in  a  double  heated  jacket  of  a  common 
type  and  fitted  with  a  conventional  type  of  stillhead  for  testing 
purposes.  This  and  subsequent  packings  were  tested  at  total 
reflux  using  the  n-heptane-methylcyclohexane  and  benzene- 
ethylene  chloride  binary  test  mixtures.  A  discussion  of  the  use 
of  these  mixtures  is  given  at  the  end  of  this  paper. 

The  first  trials  gave  a  low  efficiency  (No.  1,  Table  I),  but  it 
was  found  that  the  liquid  was  leaking  between  the  packing 
and  the  outer  glass  tube  at  some  points.  In  order  to  remedy 
this  the  whole  glass  tube  was  heated  to  softness  and  collapsed 
onto  the  packing.  This  improved  the  efficiency  somewhat 
(No.  2,  Table  I),  but  there  was  still  considerable  leakage 
through  the  holes  of  the  screen  adjacent  to  the  outer  glass 
tube,  apparently  caused  by  the  liquid’s  wetting  the  glass. 
This  was  remedied  by  crimping  a  narrow  strip  of  metal  foil 
around  the  outside  edge  of  the  spiral,  sealing  the  rows  of  holes 
adjacent  to  the  glass,  and  then  collapsing  the  glass  tube 
(No.  3,  Table  I).  This  increased  the  efficiency  greatly  (see 
Figure  2). 
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Figure  2.  Performance  of  Packing 

A.  0.75-inch  flat  spiral  packing  (No.  3,  Table  I) 

B.  0.75-inch  Stedman  packing 


Figure  2  also  shows  a  comparison  with  the  Stedman  packing 
using  the  data  given  by  Bragg  ( 2 ).  The  reflux  rates  given  by 
Bragg  were  multiplied  by  39/45  to  correct  the  two  packings 
to  the  same  cross-sectional  area.  The  section  used  for  the 
tests  in  Figure  2  was  only  20  cm.  (8  inches)  long,  but  further 
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r  ^jble  I  Construction  and  Performance  Data  for  Spiral 
Screen  Packing 


Construction 


Total 

Theoretical 

Plates 


Theoretical 
Plates 
per  Foot 


Holdup 
M.  per 
Plate 


1. 


Flat  spiral3,  24  X 
s/,  x  *A  inches,  48 
turns  per  foot 

2.  Same  as  No.  1,  glass 

collapsed 

3.  Flat  spiral*>,  8  X  3/<  X 

i /,  inches,  foil  on 
edges,  glass  col¬ 
lapsed,  72  turns  per 
foot 

4.  Cupped  spiral*1,  17  X 

a/4  x  */<  inches,  67 
turns  per  foot 
Two  sections  of*>  No. 
4  in  series.  34  inches 
total  length  of  pack¬ 
ing  , 

Same  as  No.  4,  edges 
filled  with  collodion 
SameasNo.4, all  holes 
filled  with  collodion 


5. 


6. 


7. 


8 

24 


22 

25 


50 

25 

11 


4 

•• 

12 

32 

0.25 

18 

0.4 

18 

0.4 

18 

8 

25 


18 


0.25 


8.  Cupped  spiral*<,  17  X 
i/.  X  '/»  inches,  67 
turns  per  foot 

a  Three  dimensions  are,  respectively,  length  of  packing,  outside  diameter, 

and  diameter  of  center  hole.  ,  , 

b  For  detailed  data  see  Figures  2,  3,  and  4. 


tests  with  longer  sections  gave  nearly  as  high  efficiencies. 
This  construction  gave  the  highest  efficiency  of  any  tried 
'  (32  plates  per  foot),  but  the  construction  was  so  laborious 
and  the  collapsed  tube  so  fragile  (owing  to  strain)  that  an 
easier  method  of  construction  was  sought. 

The  next  type  of  construction  tried  was  that  of  a  cupped 
spiral,  the  edges  of  the  spiral  being  turned  up  at  a  45°  angle  by 
stamping  the  washers  in  a  die  before  spot-welding  them. 
This  construction  caused  a  close  fit  with  the  glass  because  o 
the  springiness  of  the  gauze,  and  also  the  liquid  tended  to  run 
down  and  over  the  gauze  rather  than  through  it,  as  it  did 
when  the  gauze  met  the  glass  at  right  angles. 

This  type  of  construction  proved  to  be  the  best  com¬ 
promise  between  ease  of  construction  and  efficiency.  Figure 
3  shows  the  results  of  testing  a  42.5-cm.  (17-inch)  section 
of  1.875-cm.  (0.75-inch)  packing  (No.  4,  Table  I,  and  A, 
Figure  1).  Also  shown  in  Figure  3  are  the  results  of  testing 
two  identical  17-inch  sections  joined  in  series  with  standard- 
taper  ground-glass  joints  (No.  5,  Table  I).  The  number  of 
theoretical  plates  (50)  was  exactly  double  the  number  m  one 
;  17-inch  section  (25),  and  the  efficiency  in  theoretical  plates 
per  foot  was  exactly  the  same  for  two  sections  as  for  one  sec- 
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Figure  3.  Performance  of  0.75-Inch  Cupped  Spiral  Packing 
Nos.  4  and  5,  Table  I. 

O.  Efficiencies  for  No.  4  (one  17-incb  section  of  0.75-inch  cupped  spiral 

packing) 

X.  Efficiencies  for  No.  5  (two  sections  of  same  in  senes) 

•  .  Holdup  data  on  single  section 


Figure  4.  Performance  of  17-Inch  Section 
of  0.5-Inch  Cupped  Spiral  Packing 
No.  8,  Table  I.  O.  Efficiencies.  ••  Holdup  data 


tion.  Figure  3  also  shows  the  holdup  as  a  function  of  reflux 
rate  for  the  single  section. 

Since  there  was  still  a  little  leakage  through  the  gauze  next 
to  the  glass,  the  expedient  of  filling  the  holes  in  the  cupped 
edges  with  collodion  was  tried  (No.  6,  Table  I),  but  no  change 
in  properties  resulted.  One  objection  offered  to  the  use  of 
screen  packing  is  that  the  vapors  above  and  below  the  screen 
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Figure  5.  Sample  Distillation  Curve  at  740-Mm. 
Mercury  Pressure 

Using  50-plate  section  of  0.75-inch  cupped  spiral  packing.  Inter¬ 
mittent  2-ml.  take-off.  All  experimental  points  are  not  shown  on 


have  different  compositions,  so  that  it  is  really  not  a  good 
thing  to  have  vapor-liquid  contact  on  both  sides  of  the 
screen.  If  there  were  one  theoretical  plate  per  turn  this 
would  probably  be  a  valid  argument,  but  since  there  are  two 
or  three  turns  per  theoretical  plate,  this  packing  must  be 
considered  in  the  same  category  as  other  packed  columns, 
and  such  precise  considerations  are  not  applicable.  In  order 
to  make  a  test  of  this  point  all  the  holes  were  filled  with  collo¬ 
dion,  and  the  efficiency  rather  unexpectedly  became  much  less. 
This  is  not  entirely  a  fair  test,  however,  since  the  collodion- 
covered  surface  was  not  so  rough  as  the  metal  screen  itself. 

Finally  some  of  the  cupped  spiral  packing  was  made  in  a 
smaller  size:  1.25-cm.  (0.5-inch)  outside  diameter  with  0.31- 
cm.  (0.125-inch)  hole  (C,  D,  E,  Figure  1).  This  gave  the 
same  efficiency  as  the  1.875-cm.  (0.75-inch)  size,  but  the 
throughput  and  holdup  were  less  (Figure  4). 

In  all  these  types  of  construction  the  pressure  drop  was  very 
small,  of  the  order  of  1  mm.  of  mercury  per  foot.  If  the  turns 
are  spaced  farther  apart  the  throughput  is  increased  while 
the  number  of  turns  per  theoretical  plate  and  the  holdup  per 
theoretical  plate  remain  unchanged.  The  height  per  theo¬ 
retical  plate  increases,  of  course,  but  this  is  frequently  not 

an  important  consideration.  . 

Figures  5  and  6  show  two  distillation  curves  earned  out 
with  the  cupped  spiral  packing.  In  both  these  experiments  a 
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Figure  6.  Sample  Distillation  Curve  at  143-Mm.  Mer¬ 
cury  Pressure 

Using  25-plate  section  of  0.5-inch  cupped  spiral  packing.  First  plateau 
is  2,2-dichlorobutane,  second  is  2,3-dicnlorobutane,  third  is  1 ,2-dichloro- 
butane,  fourth  is  1,3-dichlorobutane.  Sample  also  contained  some  2- 
cldorobutane,  polychlorides,  and  possibly  other  impurities.  Intermit¬ 
tent  2-rnl.  take-off.  Individual  points  not  shown  on  account  of  density, 
but  all  lay  exactly  on  curve  as  drawn. 

total-reflux  intermittent  take-off  head,  shown  in  Figure  7,  was 
used.  All  the  reflux  passes  through  the  U-tube  and  the  bore 
of  the  stopcock,  so  that  there  is  no  dead  liquid.  The  column 
is  allowed  to  come  to  equilibrium  and  the  contents  of  the 
U-tube  (2  ml.)  are  drained.  This  can  be  done  every  10  to  30 
minutes,  depending  on  the  mixture,  the  total  number  of  theo¬ 
retical  plates,  the  diameter  of  the  column,  and  the  part  of  the 
distillation  curve  concerned. 

Figure  5  is  a  distillation  curve  of  a  mixture  of  approxi¬ 
mately  equal  volumes  of  carbon  tetrachloride  and  cyclohexane 
distilled  at  a  pressure  of  740  mm.  of  mercury  in  a  50-plate  section 
of  1.875-cm.  (0.75-inch)  cupped 
spiral.  These  liquids  boil  4° 
apart,  while  the  difference  be¬ 
tween  the  two  nearly  flat  por¬ 
tions  of  the  curve  is  about  3.6°. 

Calculations  for  this  mixture  us¬ 
ing  the  vapor  pressure  data  of 
Scatchard,  Wood,  and  Mochel  (5) 
show  that  58  theoretical  plates 
would  be  needed  to  distill  a  95 
per  cent  carbon  tetrachloride 
vapor  from  a  liquid  containing 
5  per  cent  of  carbon  tetrachloride. 

An  ideal  solution  boiling  at  these 
temperatures  would  require  49 
theoretical  plates  for  the  same 
separation.  From  these  data  it 
would  seem  that  the  column  was 
operating  at  nearly  its  full  effi¬ 
ciency  of  50  plates.  The  transi¬ 
tion  portion  of  the  curve  between 
the  two  horizontal  sections  is 
about  20  ml.,  which  is  just  equal 
to  the  holdup  of  the  column  at 
the  reflux  rate  used,  50  plates  X 
0.4  ml.  per  plate. 

Figure  6  is  a  distillation  curve 
of  a  mixture  of  dichlorobutanes, 

2-chlorobutane,  polychlorides, 
and  other  impurities  (obtained 
by  chlorination  of  2-chloro¬ 


butane)  distilled  under  143  mm.  of  mercury  pressure  in  a  25- 
plate  section  of  1.25-cm.  (0.5-inch)  cupped  spiral  packing. 
The  corners  are  sharper  and  the  flat  sections  more  horizontal 
than  in  the  distillation  curves  obtained  from  the  usual  types 
of  analytical  columns. 

The  authors  have  settled  on  the  cupped  spiral  design  in 
1.875-cm.  (0.75-inch)  and  1.25-cm.  (0.5-inch)  sizes  for  routine 
use  in  the  research  work  in  the  Chemistry  Department  at 
Purdue  University.  These  have  the  turns  spaced  40  to  70 
per  foot,  since  height  efficiency  is  usually  not  a  problem.  The 
method  of  construction  has  been  standardized,  using  steel 
punches  and  dies,  so  that  the  packing  can  be  punched,  spot- 
welded,  and  assembled  by  undergraduate  student  helpers. 

Binary  Test  Mixtures 

Ward  (7)  has  recently  given  a  discussion  of  binary  test 
mixtures.  The  authors  have  used  principally  the  system 
n-heptane-methylcyclohexane.  The  data  of  Beatty  and 
Calingaert  ( 1 )  show  that  this  is  an  ideal  solution  with  a 
volatility  ratio  of  1.07,  which  would  not  change  appreciably 
in  the  small  temperature  intervals  involved.  A  simple  com¬ 
bination  of  Raoult’s  and  Dalton’s  laws  gives  the  ideal  solution 
relation 


^  +  CR  -  U 

where  Xx  and  Y\  are  mole  fractions  of  heptane  in  liquid  and 
vapor  in  equilibrium,  respectively,  and  R  is  the  volatility 
ratio  or  relative  volatility — i.  e.,  the  ratio  of  vapor  pressures 
of  pure  heptane  and  pure  methylcyclohexane — at  the  par¬ 
ticular  distillation  temperature.  Compositions  calculated 
using  this  relation  were  combined  with  an  equation  for  the 
index  of  refraction  as  a  function  of  composition 

Afi0  =  1.4232  -  0.0410  Xx  +  0.00555  X\ 

derived  from  the  data  of  Bromiley  and  Quiggle  (3)  to  give 
the  curve  in  Figure  8.  The  vertical  scale  has  no  particular 
zero  point,  each  division  merely  representing  two  theoretical 

plates.  Any  secti  on  of  this  curve 
should  give  the  same  number  of 
theoretical  plates  for  a  given 
column. 

The  system  benzene-ethylene 
chloride  was  used  in  the  earlier 
part  of  this  work.  There  are  sev¬ 
eral  sources  of  data  on  which  the 
use  of  this  mixture  may  be  based, 
and  there  is  some  divergence 
among  them.  Following  Ward 
the  authors  have  used  the  vapor 
pressure  data  of  Rosanoff  and 
Easley  (4).  “Apparent”  vola¬ 
tility  ratios  calculated  by  the 
relation  given  above  do  not  agree 
with  the  “ideal”  volatility  ratios 
given  by  Smith  and  Matheson  ( 6 ) 
from  the  vapor  pressures  of  the 
pure  components.  This  is  no  re¬ 
flection  on  either  set  of  data,  but 
it  simply  means  that  benzene- 
ethylene  chloride  is  not  an  ideal 
solution,  although  it  approaches 
it  fairly  closely.  The  data  of 
Rosanoff  and  Easley  are  in  suf¬ 
ficiently  close  agreement  with 
those  of  Zawidski  (5)  to  justify 
more  confidence  in  the  use  of  the 
apparent  volatility  ratios  for 
calculating  the  number  of  the 


Figure  7.  Distillation  Head 

With  small  constant  holdup  for  operation  at  total  reflux  with 
intermittent  take-off 
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Table  II.  Comparative  Data  on  Benzene-Ethylene 
Chloride  Binary  Test  Mixtures 


XcjHe 

0 

0.10 
0  20 
0.30 
0  40 
0.50 
0.00 
0  70 
0  80 
0.90 
1.00 


YC6H6 

0 

0.113 

0.222 

0.327 

0.429 

0.527 

0.624 

0.722 

0.818 

0.912 

1.00 


Apparent  R 
(R  and  E) 

1.15 

1.14 
1.13 
1.12 

1.11 

1.11 

1.11 
1.12 

1.15 


Ideal  R 
(S  and  AT) 
1.108 

l.'i09 

l.'iio 
l.'iii 
l ii2 

1. 113 


Separation 
Interval, 
XcgHa 
0.10-0.30 
0 . 30-0 . 50 
0.50-0  70 
0.70-0.90 
Total,  0.10-0.90 


Number  of  Theoretical  Plates  Required 
Using  R  (R  and  E)  Using  R  (S  and  AT) 

11  13 

7  8 

8  8.5 

12  l2-5 

38  42 


theoretical  plates  required  to  effect  a  given  separation  than 
in  the  use  of  Smith  and  Matheson’s  ideal  volatility  ratios 
and  the  assumption  of  an  ideal  solution.  Bragg  {2)  has  used 
this  latter  method.  Table  II  shows  a  comparison  of  the  vola¬ 
tility  ratios  from  the  two  sources  and  of  the  number  of  theo¬ 


retical  plates  required  to  effect  certain  separations  in  this  sys¬ 
tem.  The  ideal  solution  method  used  by  Bragg  leads  to  slightly 
higher  theoretical  plate  values  than  the  method  using  t  e 
equilibrium  data  of  Rosanoff  and  Easley. 
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A  Locknut  for  a  Weight  Buret 

MARTIN  KILPATRICK,  University  of  Pennsylvania,  Philadelphia,  Penna. 


IN  THE  use  of  weight  burets  in  this  laboratory  the 
problem  of  keeping  the  ground  cup  in  place  during 
transfer  to  and  from  the  balance  has  been  solved  as  described 
below.  The  buret  itself  is  similar  to  that  outlined  by 
Shedlovsky  and  Brown  (f),  being  without  a  stopcock  at  the 
bottom ;  the  additional  feature  is  the  “locknut”  device  shown 
in  the  diagram,  by  which  the  cup  is  held  in  place. 

A  is  a  vertical  section  through  the  slotted  bell-shaped  apron 
fused  on  the  buret  above  the  ground-glass  joint  for  the  cup.  Be¬ 
low  it  is  a  section  of  the  cup. 

The  sections  were  made  in  the  following  manner:  The  left  half 
of  each  of  these  two  sections  represents  the  section  cut  by  a  verti¬ 
cal  plane  whose  direction  is  represented  on  drawing  B  by  its 
trace,  which  is  the  radius  to  E.  The  right  half  represents  the  sec¬ 
tion  cut  by  a  plane  whose  trace  is  the  radius  to  F.  This  was  done 
in  order  to  show  clearly  the  position  of  the  slots  in  the  folded- 
under  edge  of  the  bell-shaped  apron.  The  slots  are  actually  on 
opposite  ends  of  a  diameter,  as  shown  in  horizontal  sections  B  and 
C,  taken  through  XY  with  the  cup  in  place. 

Horizontal  section  B  shows  the  buret  as  the  wing  1 ,  is  slipped 
into  the  slot  at  1 ',  and  C  shows  the  same  section  after  a  rotation  of 
the  cup  through  90°. 

At  all  positions  except  that  illustrated  in  B,  the  cup  is 
firmly  locked  in  place,  and  cannot  fall  off.  The  same  design 
can  be  adapted  to  burets  with  stopcock  at  the  bottom  by 
constructing  the  bell  just  below  the  stopcock. 
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Laboratory  Juice  Extractor 


GEORGE  W.  IRVING,  JR.,  AND  THEODORE  W.  LORING 
Department  of  Biochemistry, 

Cornell  University  Medical  College,  New  York,  N.  Y. 


Figure  1.  Cross- 
Sectional  Dia¬ 
gram  of  Juice 
Extractor 

A,  piston:  H,  cylin¬ 
der;  K,  base;  F,  re¬ 
movable,  perforated 
steel  plate;  B  and  B', 
channels  in  cylinder 
and  base,  sloped  to¬ 
ward  the  vertical 
channel,  C;  D  and  D', 
felt  filter  disks;  E , 
material  to  be  pressed; 
G,  spout  through  which 
expressed  fluid  is 
collected 


IN  BIOCHEMICAL  investigations  it  is  frequently  neces¬ 
sary  to  effect  a  rapid  and  fairly  complete  separation  of 
fluids  from  animal  or  plant  tissues.  Recently,  the  authors 
were  confronted  with  the  necessity  of  making  such  a  separa¬ 
tion  in  connection  with  work  upon  the  hormones  of  the  pos¬ 
terior  lobe  of  the  pituitary  gland.  In  this  instance  they 
wished  to  make  a  purely  mechanical  separation  of  the  fluid 
contained  in  fresh  glands  from  the  gland  tissue. 

A  fairly  satisfactory  separation  was  accomplished  by  means 
of  the  2.25-inch  test  cylinder  of  the  familiar  Carver  laboratory 
press.  The  gland  material  was  thoroughly  macerated  with  sand 
and  the  fluid  was  expressed  by  subjecting  the  ground  mass  to 
high  pressure  in  the  test  cylinder.  The  press  juice,  together  with 
the  wash  fluids,  was  found  to  contain  the  active  material  desired 
in  almost  quantitative  yield,  while  the  press  cake  of  sand  and  resi¬ 
due  contained  only  traces  of  activity. 

Extensive  use  of  the  Carver  equipment  for  this  purpose  re¬ 
vealed  several  disadvantages.  In  using  the  Carver  test-cylinder, 
the  material  to  be  pressed  was  placed  in  the  cylinder  between  two 
felt  filter  disks  and  the  fluid  was  expressed  by  applying  pressure 
to  the  piston.  Since  the  bottom  of  the  cylinder  is  not  perforated, 
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large  part  of  the  expressed  fluid  escaped  between  the  piston  and 
he  cylinder  and  flowed  down  the  sides  of  the  cylinder  during  the 
iressing  operation.  Ordinarily,  the  liquid  expressed  in  this 
aanner  can  be  collected  as  it  flows  from  the  drain  hole  in  the 
>latform  of  the  press,  but  in  the  authors’  case  means  for  making 
,  more  quantitative  collection  of  the  fluid  and  for  avoiding  its 
i  ontamination  were  desired.  By  placing  the  test  cylinder  in 
he  metal  pan  provided  as  part  of  the  Carver  equipment,  losses 
an  be  largely  avoided,  but  even  this  procedure  is  not  entirely 
atisfactory  or  convenient,  especially  in  the  treatment  of  small 
.mounts  of  tissue. 

To  answer  their  needs  in  this  respect  the  authors  have  de- 
dsed  a  modified  juice  extractor  (in  cooperation  with  the 
American  Instrument  Company,  8010  Georgia  Ave.,  Silver 
Spring,  Md.  The  equipment  is  designed  for  use  with  the 
isual  type  of  hydraulic  laboratory  press.).  The  new.  ex- 
ractor  is  well  adapted  to  laboratory  pressing  operations 
vhere  relatively  small  amounts  of  material  must  be  handled 
md  where  both  the  press  cake  and  the  press  liquid  must  be 
;arefully  collected  with  a  minimum  of  loss  and  contamination. 
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A  cross-sectional  diagram  of  the  improved  extractor  is  shown 
in  Figure  1.  The  apparatus  is  constructed  of  steel  and  consists 
of  four  separate  parts:  base,  perforated  plate,  cylinder,  and 
piston.  To  operate,  the  base,  perforated  plate,  and  cylinder  are 
assembled  as  shown  in  the  diagram  and  a  circular  felt  disk  is 
placed  on  top  of  the  plate.  The  cylinder  is  filled  to  a  suitable 
depth  (found  by  trial)  with  the  material  to  be  pressed  and  the 
material  is  covered  by  a  second  felt  disk.  The  piston  is  placed 
in  the  cylinder  and  the  entire  extractor  is  placed  on  the  platform 
of  a  Carver  laboratory  press  where  pressures  up  to  20,000  pounds 

can  be  applied.  ,  a  . , 

During  the  pressing  operation  most  of  the  expressed  fluid  passes 
through  the  perforated  plate  at  the  bottom  of  the  cylinder  and  is 
expelled  through  the  spout.  Any  fluid  which  is  forced  between 
the  piston  and  the  cylinder,  or  through  the  joint  between  the 
cylinder  and  the  base,  is  collected  in  the  channels  provided  and 
eventually  flows  out  through  the  spout.  After  the  fluid  has  been 
completely  expressed,  the  cylinder  is  simply  lifted  from  the  base, 
the  press  cake  is  ejected  by  means  of  the  piston,  and  the  appara¬ 
tus  is  ready  for  use  with  a  second  lot  of  material.  For  best  re¬ 
sults  the  felt  filter  disks  should  be  renewed  frequently.  A  hole 
through  the  top  of  the  piston  handle,  in  which  a  metal  rod  may  be 
inserted,  facilitates  removal  of  the  piston. 
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A  Versatile  Gas  Saturator 

WILLIAM  R.  RINELLI  AND  KARL  S.  WILLSON 
Ansul  Chemical  Company,  Marinette,  Wis. 


MARKHAM  (I)  has  described  a  gas  saturator  claimed  to 
be  more  satisfactory  than  the  commercial  Friedrichs 
or  Milligan  gas-washing  bottles.  Equipment  of  this  type 
can  be  used  to  saturate  a  gas  with  the  wash  liquid,  or  scrub 
out  one  or  more  constituents  of  a  gas  stream,  using  a,n  ap¬ 
propriate  liquid.  Perhaps  less  well  known  is  the  possibility 
of  removing  undesirable  dissolved  gas  from  a  liquid  by 
bubbling  another  noninterfering  gas  through  it. 

A  wash  tower,  which  is  based  on  a  somewhat  different  prin¬ 
ciple  than  that  of  Markham,  in  several  modifications  has 
proved  highly  satisfactory  in  the  authors  laboratory  during 
the  past  few  years. 


Basically,  the  tower  is  designed  to  pass  the  liquid-gas  mixture 
through  beads,  helices,  rings,  or  irregular  fragments  of  suitable 
material  held  in  place,  for  example,  by  indentations  made 
by  pressing  the  end  of  a  file  into  the  heated  glass  waff  Greater 
agitation  is  secured  than  in  the  spiral  bottles  referred  to  above. 
Liquid  is  circulated  in  both  types,  but  in  the  authors  tower,  if 
rubber  tubing  connections  are  satisfactory,  several  reservoirs 
such  as  R  (Figure  1,  A,  B)  may  be  used  to  provide  any  desired 
total  volume  of  wash  liquid.  The  path  of  circulation  of  the  liquid 

is  indicated  by  arrows.  .  ,  . 

A  bottle  of  any  required  size  can  be  readily  connected  to  re¬ 
place  the  reservoir,  as  shown  in  C.  The  apparatus  may  be  easily 
cleaned  without  dismantling  by  filling  with  water  and  draining 
as  often  as  necessary. 


Where  glass-blowing  facilities  are  limited  or  where  it  is 
necessary  to  thermostat  the  tower,  the  modified  form  shown 
in  Figure  2  has  proved  satisfactory.  Glass  seals  may  replace 
the  rubber  stoppers  where  desired.  The  entire  unit  may  be 
placed  in  a  larger  tube,  through  which  a  constant-temperature 
liquid  is  circulated,  or  the  entire  tower  could  be  placed  in  a 

tall  thermostated  bath.  _ 

The  tower  may  be  readily  modified  to  fit  specific  needs. 
Recently  it  became  necessary  to  wash  large  quantities  of  an 


Figube  1 
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acid-containing  gas  with  a  caustic 
solution  and  yet  keep  the  solution 
highly  diluted  at  all  times  in  order 
to  prevent  plugging  of  the  inlet 
through  deposition  of  the  slightly 
soluble  salt  formed.  The  problem 
further  required  a  moderate  vacuum 
on  the  inlet  side;  hence  the  head  of 
liquid  in  the  tower  shown  in  Figure  1, 
for  example,  would  be  insufficient  to 
permit  draining  off  portions  of  the 
liquid  while  the  tower  was  in 
operation.  Gas  flowage  varied  con¬ 
siderably. 

All  these  difficulties  have  been 
satisfactorily  handled  by  using  a 
tower  as  shown  in  Figure  3. 

With  this  tower,  the  elbow  at  A, 
acting  as  a  gas  lift  as  in  the  spiral 
wash  bottles,  guarantees  positive  cir¬ 
culation  of  the  liquid  even  at  extremely 
slow  gas  rates.  Use  of  the  auxiliary 
reservoir,  B,  attached  to  the  main 
tower  by  rubber  tubing  at  C  and  C", 
permits  addition  of  any  large  volume 
of  wash  liquid  desired  through  the 
inlet  at  D  without  interrupting  the 
action  of  the  tower.  Thus,  added 
liquid  causes  liquid  to  overflow  into 
B  until  the  reservoir  becomes  filled 
to  the  lower  connection.  Then  by  plac¬ 
ing  clamps  at  C  and  C",  the  liquid 
may  be  drained  at  E,  with  F  acting 
as  a  vent.  If  desired,  a  bottle  of 
suitable  size  could  be  used  directly 
as  this  auxiliary  reservoir. 

If  there  is  danger  of  plugging  of  the 
inlet  tube  through  deposition  of  salt, 
a  T-connection  at  the  top  of  the  inlet, 
as  shown,  allows  a  glass  or  metal  rod 
to  be  inserted  to  break  up  the  plug. 

If  desirable,  a  metal  or  carbon  tube  may  replace  the  glass 
inlet  tube.  Likewise,  if  an  inert  liquid  is  available  (mercury,  for 
example)  plugging  can  be  minimized  or  entirely  eliminated  by 
modifying  the  lower  part  of  the  apparatus  as  shown  in  detail  at 
right. 

While  towers  of  any  volume,  height,  and  dimensions  are  pos¬ 
sible  for  ordinary  work  the  authors  have  standardized  largely 
on  a  tower  made  of  standard  Pyrex  glass  tubing  of  the  type 
shown  in  Figure  1,  the  two  reservoirs  being  28  mm.  in  outside 
diameter  with  connecting  tubes  7  mm.  in  outside  diameter.  A 
packed  section  about  30  cm.  long  has  proved  satisfactory  when 
3-mm.  glass  beads  or  fragments  of  glass  not  over  5  mm.  in 
longest  dimension  are  used.  Such  a  tower  has  a  capacity  of 


Gas 


about  300  cc.  Adequate  headroom  above  the  packed  section  (at 
least  15  cm.)  should  be  provided  to  prevent  carry-over  of  liquid 
in  case  of  excessive  gas  flowage,  and  a  longer  head  section  or 
auxiliary  trap  may  prove  desirable  for  high  flowage  rates  or  where 
foaming  may  occur. 

Although  no  comprehensive  tests  have  been  made  with 
this  type  of  tower,  continued  use  in  this  laboratory  has  dem¬ 
onstrated  its  high  efficiency  and  versatility. 
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Use  of  Wetting  Agents  in  Glass  Apparatus 

WILFRED  H.  WHITE,  131  Euclid  Ave.,  Jamestown,  N.  Y. 


THE  problem  of  eliminating  errors  due  to  the  accumula¬ 
tion  of  dirt  or  grease  which  prevents  the  free  flow  of  solu¬ 
tions  through  glassware  is  usually  solved  by  frequent  cleaning. 
This  often  involves  considerable  time  and  the  hazard  of  ex¬ 
pensive  breakage. 

This  was  found  unusually  true  in  the  use  of  the  gas  buret 
in  the  apparatus  for  the  determination  of  carbon  in  iron  by 
the  volumetric  gas  method  (carbon  determinator,  Labora¬ 
tory  Equipment  Company).  Grease  from  the  large  stopcock 
above  continually  fouled  the  buret,  causing  drops  of  the 
confining  aqueous  liquid  to  form  on  the  sides  of  the  tube. 
It  was  found  that  the  use  of  0.5  per  cent  of  a  wetting  agent 


(Tergitol  No.  4,  Carbide  and  Carbon  Chemicals  Corporation) 
allowed  the  liquid  to  flow  uniformly  down  the  tube  and  prac¬ 
tically  eliminated  the  necessity  of  cleaning.  During  the  past 
year,  since  the  wetting  agent  was  added,  it  has  not  been 
necessary  to  clean  the  apparatus  nor  to  add  more  wetting 
agent. 

Wider  application  of  this  to  other  apparatus  is  indicated 
by  its  use  in  the  gas  buret  of  an  Orsat  gas  analysis  apparatus 
and  in  water  gages.  One  field  for  further  investigation  might 
be  the  development  of  wetting  agents  which  could  be  added 
to  volumetric  solutions.  This  would  give  accurate  readings 
of  the  buret  in  spite  of  grease  on  the  inner  surface. 


Quantitative  Determination  of  Pentoses 

RICHARD  E.  REEVES  AND  JACKSON  MUNRO 
Boyce  Thompson  Institute  for  Plant  Research,  Inc.,  Yonkers,  N.  Y. 


A  convenient  procedure  is  proposed  for 
determining  the  furfural  produced  by  the 
action  of  acids  on  pentoses  and  other  sub¬ 
stances.  When  a  furfural-forming  sub¬ 
stance  is  refluxed  with  aqueous  acid  of  the 
proper  concentration  in  the  presence  of  a 
suitable  high-boiling,  immiscible  solvent, 
the  furfural,  as  it  is  formed,  is  rapidly  ex¬ 
tracted  by  the  solvent  and  to  a  considerable 
extent  protected  from  further  decomposi¬ 
tion  by  the  acid.  This  fact  has  made  it 


FOLLOWING  the  observation  that  furfural  in  the  pres¬ 
ence  of  xylene  is  remarkably  resistant  to  the  action  of 
boiling  aqueous  hydrochloric  acid,  a  simplified  method  for 
pentose  determination  has  been  developed  and  is  being 
used  in  this  laboratory.  [Foster  (S)  has  employed  immiscible 
solvents  together  with  aqueous  hydrochloric  acid-containing 
salts  to  enhance  the  production  of  furfural  from  oat  hulls.] 
The  present  report  is  concerned  chiefly  with  the  application  of 
the  procedure  to  the  determination  of  the  pentose  xylose. 
The  pentose  is  dissolved  in  dilute  hydrochloric  acid  solution 
which  is  refluxed  in  the  presence  of  a  relatively  large  amount  of 
xylene,  and  the  furfural  which  is  formed  is  determined 
colorimetrically  in  xylene  solution.  To  convert  the  pentose 
to  furfural  it  would  be  desirable  to  select  a  concentration  of 
acid  comparable  to  that  of  the  usual  distillation  procedures. 
However,  this  is  impossible  for,  as  Pervier  and  Gortner  (9) 
have  pointed  out,  the  distillation  brings  about  a  continuous 
change  in  concentration,  so  that  the  acid  may  increase  from 
12  to  20  per  cent  during  a  determination,  while  in  the  reflux¬ 
ing  method  the  concentration  of  hydrochloric  acid  remains 
constant  throughout  the  refluxing  period.  Satisfactory  results 
have  been  obtained  with  acids  containing  12  to  15  per  cent  of 
hydrochloric  acid ;  however,  over  this  range  the  rate  of  forma¬ 
tion  of  furfural  varies  with  the  concentration  of  the  acid. 

A  quantitative  yield  of  furfural  may  be  obtained  from  d- 
xylose.  Determinations  made  on  0.4  to  1.0  mg.  of  xylose 
are  reproducible  to  ±3  per  cent,  which  is  about  the  limit  of 
accuracy  of  colorimetric  observations.  All  other  pentoses 
which  have  been  investigated  have  given  somewhat  lower 
than  the  theoretical  yields  of  furfural.  This  unfortunate 
shortcoming  is  shared  by  every  method  yet  proposed  for 


possible  to  eliminate  the  continuous-dis¬ 
tillation  or  steam-distillation  procedure 
which  is  the  time-consuming  feature  of 
most  pentose  determinations.  When  the 
refluxing  is  done  it  is  necessary  only  to  de¬ 
termine  the  concentration  of  furfural  in  the 
organic  solvent  in  order  to  be  in  a  position 
to  calculate  the  total  amount  of  furfural 
which  has  been  formed.  One  hundred  per 
cent  conversion  of  d-xylose  into  furfural  has 
been  achieved  under  a  variety  of  conditions. 


determining  pentoses,  with  the  exception  pf  a  recent  macro- 
procedure  of  Hughes  and  Acree  which,  it  is  claimed,  gives  a 
quantitative  yield  of  furfural  from  both  arabinose  and  xylose 
(6  7) 

The  aniline  acetate  method  for  determining  furfural  is 
much  less  affected  by  methyl  furfural  and  hydroxymethyl 
furfural  than  is  the  phloroglucide  precipitation  procedure 
{12)  or  the  bromine  titration  method  ( 5 ).  For  this  reason  in 
the  analysis  of  pentose-methyl  pentose  mixtures  by  both 
the  xylene  and  the  Association  of  Official  Agricultural 
Chemists  methods  {1,  pp.  344-5)  different  results  are  to  be 
expected.  In  this  connection  experiments  have  shown  that 
the  xylene  procedure  is  a  much  better  measure  of  the  true 
pentose  content  of  such  a  mixture  than  the  phloroglucide 
procedure,  even  when  the  latter  is  supplemented  by  the 
tedious  alcoholic  extraction  proposed  by  Ellett  and  Tollens  {2). 

It  has  been  noted  repeatedly  that  all  pentose  procedures 
should  be  applied  to  natural  products  with  caution.  The 
present  method  is  no  exception.  Uronic  acids  are  known  to 
yield  furfural  under  the  conditions  of  the  determination. 
Even  pure  glucose  gives  a  substance  which  develops  a  slight 
pink  color  with  the  reagent;  thus  100  mg.  of  glucose  give  a  color 
comparable  to  that  obtained  from  0.1  mg.  of  xylose.  Al¬ 
though  all  procedures  yet  proposed  for  the  quantitative 
determination  of  pentoses  have  many  obvious  shortcomings, 
they  are  helpful  tools  for  the  investigation  of  natural  products 
and  are  widely  used  for  that  purpose.  The  present  method, 
which  is  less  affected  by  methyl  pentoses  and  hexoses  and  also 
allows  a  considerable  saving  of  time  and  materials,  is  being 
used  in  the  investigation  of  natural  products  containing 
pentose  and  uronic  acid. 
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Table  I.  Stability  of  Furfural  in  Xylene-13  Per  Cent 
Hydrochloric  Acid 

Time  of  re¬ 
fluxing, 

hours  0  1  2  3  5  10  15 

Concn.  of 
furfural  in 

xylene  0.0244  0.0250  0.0248  0.0250  0.0238  0.0242  0.0218 

layer,  mg./ 

co.  0.0242  0.0247  ...  0.0249  0.0244  0.0249  0.0242 


Table  II.  Furfural  from  Xylose 

(13%  HC1,  refluxing  time  150  minutes) 

/ - F  ur  f  ural - 


Xylose 

Mg. 

Mg. 

%  of  theory 

0.404 

0.253 

97.5 

0.807 

0.515 

99.5 

1.0 

0.644 

100.5 

1.0 

0.648 

101.0 

0.972 

0.618 

99.2 

10.0 

6.60 

103.0 

100.0 

60.6 

95.8 

Apparatus  and  Materials 

The  concentrations  of  the  hydrochloric  acid  solutions  used  in 
the  following  experiments  were  determined  at  20°  to  24°  C.  by 
titration,  together  with  specific  gravity  determinations. 

Several  lots  of  xylene  (Merck  reagent)  were  satisfactory  with¬ 
out  further  purification;  however,  two  lots  gave  a  slight  pre¬ 
cipitate  on  long  boiling  with  acid.  This  undesirable  effect  was 
removed  by  redistillation  of  the  xylene.  Because  there  are 
references  in  the  literature  (10)  to  harmful  effects  from  continued 
exposure  to  xylene  vapors,  a  rubber-ball  aspirator  is  used  in 
filling  pipets  with  xylene  solutions.  It  is  strongly  urged  that  any 
person  using  the  xylene  method  as  a  routine  procedure  be  pro¬ 
vided  with  a  similar  device  for  protection  from  xylene  vapors. 

The  sugars  had  the  following  specific  optical  rotations  in 
water:  d-xylose,  +19.0°;  Z-arabinose,  +103°;  d-lyxose,  —13.8°; 
d-ribose,  —21.0°.  (On  four  occasions  low  yields  of  furfural  were 
obtained  with  xylose  which  had  been  stored  for  some  time  in  a 
desiccator  at  room  temperature.  Theoretical  yields  were  ob¬ 
tained  after  recrystallization  of  the  xylose  from  alcohol.)  Crys¬ 
talline  d-allomethylose,  Eastman  rhamnose-hydrate,  and  Bureau 
of  Standards  glucose  were  used. 

Freshly  distilled  furfural  was  dissolved  in  xylene  to  make  a 
stock  solution  containing  about  1  mg.  per  cc.  The  stock  solu¬ 
tion  was  stored  in  the  refrigerator,  no  change  being  noted  during 
the  course  of  10  months.  Standards  containing  0.01  to  0.025 
mg.  per  cc.  were  prepared  by  dilution  of  the  stock  solution  with 
xylene. 

The  aniline  acetate  reagent  was  prepared  by  dissolving  1  cc. 
of  colorless  aniline  in  50  cc.  of  glacial  acetic  acid  and  50  cc.  of  95 
per  cent  alcohol.  This  reagent  develops  a  slight  yellow  colora¬ 
tion  after  2  or  3  days  and  should  then  be  discarded.  [Sumino- 
kura  (11)  reports  that  xylichne  is  preferable  to  aniline  for  the 
colorimetric  determination  of  furfural  in  aqueous  solution. 
McCance  (8)  recommends  benzidine;  however,  in  xylene  solution 
the  aniline  reagent  is  superior  to  any  of  the  other  reagents  the 
authors  have  tested.] 

The  refluxing  is  carried  out  in  a  50-cc.  round-bottomed  flask 
attached  to  a  reflux  condenser  by  means  of  a  small  (T  14/35) 
ground-glass  joint.  Flasks  of  larger  capacity  should  not  be 
used  because  of  excessive  holdup  of  water  droplets. 

Colorimetric  comparisons  were  made  in  a  Bausch  &  Lomb, 
Duboscq-type  colorimeter. 

Distribution  Coefficient  for  Furfural 


Procedure 

The  sample  containing  0.4  to  1.0  mg.  of  pentose  or  its  equiva¬ 
lent  of  furfural-yielding  substance,  dissolved  in  a  known  volume 
(3  to  10  cc.)  of  hydrochloric  acid  of  the  proper  concentration,  is 
introduced  into  the  reaction  flask  together  with  25  cc.  of  xylene 
and  a  small  glass  ebullition  tube.  (In  studying  the  rate  of  forma¬ 
tion  of  furfural  the  larger  volumes  of  acid  are  more  satisfactory 
because  there  is  less  change  in  concentration  due  to  the  holdup  of 
water  droplets  in  the  condenser.)  The  flask  is  attached  to  the 
reflux  condenser  and  the  contents  are  kept  at  a  moderate  boil  for 
the  desired  length  of  time.  After  the  mixture  has  cooled  to  room 
temperature,  the  xylene  layer  is  decanted  and  stirred  with  a 
little  anhydrous  sodium  acetate  to  remove  moisture  and  mineral 
acid.  If,  after  filtration,  the  solution  is  colorless  it  is  ready  for 
the  determination  of  furfural. 

When  large  amounts  of  hexose  (10  parts  or  more)  accompany 
the  pentose,  the  xylene  solution  at  this  stage  often  has  a  brown 
coloration  which  must  be  removed  before  the  determination  of 
furfural  is  made.  To  do  this  exactly  20  cc.  of  the  solution  are 
measured  into  a  125-cc.  Claisen  flask  and  distilled  in  vacuo  into 
a  well-cooled  receiving  flask  with  the  aid  of  a  water  pump.  The 
Claisen  flask,  bearing  a  small  capillary,  is  evacuated  and  im¬ 
mersed  in  a  water  bath  which  is  rapidly  heated  to  boiling.  When 
the  distillation  has  gone  to  dryness  the  vacuum  is  broken  and  3 
cc.  of  xylene  are  introduced  into  the  Claisen  flask.  Distillation 
is  resumed  and  again  carried  to  dryness  to  wash  out  remaining 
traces  of  furfural.  The  colorless  distillate  is  transferred  to  a  25- 
cc.  volumetric  flask,  using  2  cc.  of  xylene  for  rinsing,  and  made  up 
to  the  mark  with  more  solvent.  The  solution  is  now  ready  for 
the  determination  of  furfural.  The  distillation  procedure  in¬ 
volves  no  measurable  loss  of  furfural;  however,  the  dilution  from 
20  to  25  cc.  must  be  considered  in  subsequent  calculations. 


Determination  of  Furfural 


To  find  the  concentration  of  an  unknown  solution  of  furfural 
in  xylene  a  standard  is  selected  which  does  not  differ  from  the 
unknown  by  more  than  25  per  cent.  Five  cubic  centimeters  of 
the  unknown  and  the  standard  are  set  up  in  test  tubes  and  to 
each  in  quick  succession  are  added  5  cc.  of  the  aniline  acetate  re¬ 
agent.  The  red  color  develops  rapidly  for  the  first  15  minutes 
and  increases  slowly  for  the  next  25  minutes.  The  comparison 
should  be  made  about  20  minutes  after  addition  of  the  reagent. 
Because  the  color  is  photosensitive,  the  tubes  should  be  placed 
in  the  dark  until  the  comparison  is  made  and  the  readings  should 
be  taken  as  rapidly  as  possible,  using  a  separate  standard  for  each 
determination.  When  tubes  containing  the  colored  solution  are 
placed  in  the  relatively  intense  light  of  a  photoelectric  colorimeter, 
a  rapid  fading  may  be  observed.  Although  the  color  developed 
by  the  aniline  acetate  reagent  is  satisfactory  for  use  with  the 
Duboscq  colorimeter,  it  is  possible  that  some  other  reagent  would 
give  a  more  stable  color  better  suited  for  use  with  the  photo¬ 
electric  type  of  instrument. 


The  colorimetric  determination  gives  the  concentration  of 
furfural  in  milligrams  per  cubic  centimeter  of  the  xylene 
solution,  Concn.!.  From  this  value  it  is  possible  to  calculate 
the  total  furfural  present. 

1.  When  the  distillation  procedure  is  not  used: 


Furfural  in  xylene  =  25  Concn.* 

Furfural  in  water  =  cc.  of  acid  X  0.39  X  Concn.* 

Total  furfural  =  furfural  in  xylene  +  furfural  in  acid 


2.  When  the  distillation  procedure  is  used,  it  is  necessary 
to  multiply  the  observed  Concn.*  by  25/20  to  allow  for  the 
dilution  of  the  xylene  solution. 


The  coefficient  for  the  distribution  of  furfural  between 
xylene  and  13  per  cent  hydrochloric  acid  was  determined  at 
24°  C.  The  average  of  seven  determinations  gave  the 
following  result: 

Concn.  acid  _  =  0  39 

Concn.  xylene 

This  value  is  used  in  all  the  calculations  which  follow.  (A 
lower,  and  hence  more  favorable,  distribution  coefficient  was 
obtained  when  w-butyl  ether  was  substituted  for  xylene. 
However,  the  authors  have  been  unable  to  find  a  color  re¬ 
action  for  furfural  which  proceeds  satisfactorily  in  this 
solvent.) 


Results 

Table  I  shows  that  no  appreciable  decomposition  of  fur¬ 
fural  occurs  in  10  hours’  refluxing  with  xylene-13  per  cent 
hydrochloric  acid.  In  the  experiments  shown  75  cc.  of 
xylene  containing  0.025  mg.  of  furfural  per  cc.  were  re¬ 
fluxed  with  6  cc.  of  13  per  cent  hydrochloric  acid. 

With  13  per  cent  hydrochloric  acid  and  a  refluxing  time  of 
150  minutes  xylose  consistently  yields  the  theoretical  amount 
of  furfural  (Table  II).  (When  more  than  1.0  mg.  of  xylose 
was  determined  it  was  necessary  to  dilute  the  xylene  solution 
at  the  end  of  the  period  of  refluxing  before  making  the  furfural 
determination.) 
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Figure  1.  Effect  of  Concentration  of  Hydrochloric 
Acid  upon  Rate  of  Formation  of  Furfural  from  Xlosye 


Table  III.  Furfural  from  Pentoses 
(Refluxing  time  150  minutes) 


Coned.  HC1, 

% 

d-Xylose 

—Furfural,  Per  Cent  of  Theory- 

Z-Arabinose  d-Lyxose  d-Ribose 

12 

92.2 

65.5 

80.3 

13 

100 

81.7 

91.0  81.0 

14 

83.2 

15 

100 

82.4 

Table  IV.  Furfural  from  Xylose-Methyl  Pentose 
Mixtures 


(Xylene  procedure,  refluxing  time  150  minutes,  13%  HC1) 
_ Sugars  Used - .  - - Furfural  Found- 


Mg. 

Mg. 

%  of  theory 

1.01 

0.5 

Xylose 

Rhamnose 

0.639 

98.6 

1.01 

0.5 

Xylose 

d-Allomethylose 

0.662 

102.0 

The  rate  of  formation  of  furfural  from  xylose  with  various 
concentrations  of  hydrochloric  acid  is  illustrated  in  Figure  1. 
It  is  apparent  that  100  per  cent  conversion  of  xylose  to  fur¬ 
fural  may  be  obtained  under  a  variety  of  conditions.  It  does 
not  follow  that  other  pentoses  or  pentosans  will  give  identical 
results  under  all  the  conditions  which  result  in  complete  con¬ 
version  of  xylose  to  furfural. 

In  Table  III  are  given  the  yields  of  furfural  obtained  from 
various  pentoses  after  refluxing  for  150  minutes  with  different 
concentrations  of  hydrochloric  acid. 

Experiments  on  synthetic  mixtures  of  xylose-methyl  pen¬ 
tose  (Table  IV)  show  that  the  xylene  procedure  can  be  used 
for  determining  2  parts  of  xylose  in  the  presence  of  1  part  of 
rhamnose  or  d-allomethylose.  When  similar  mixtures  were 
analyzed  by  the  A.  O.  A.  C.  procedure,  the  amount  of  pre- 


Table  V.  Furfural  from  Xylose-Glucose  Mixtures 


(Refluxing  time  150  minutes,  13%  HC1) 

Xylose 

Glucose 

%  of  theory 

Mg. 

Mg. 

Mg. 

1.00 

1.0 

0.620 

96.7 

1.00 

2.0 

0.625 

97.5 

1.00 

5.0 

0.651 

101.5 

1.00 

25.0° 

0.636 

98.3 

0.97 

50.0“ 

0.620 

99.6 

•  Xylene  solution  of  furfural  distilled  in  vacuo  to  remove  colored  material. 


cipitate  obtained  was,  of  course,  considerably  more  than 
would  be  anticipated  from  the  xylose  alone.  In  the  authors 
hands  the  extraction  procedure  of  Ellett  and  Tollens  (2)  re¬ 
moved  some  of  the  methylfurfural  phloroglucide,  but  the 
results  as  calculated  from  Krober’s  tables  (4,  pp.  77-81) 
remained  15  per  cent  too  high. 

Using  the  xylene  procedure  it  was  found  that  xylose  can  be 
determined  with  considerable  accuracy  even  in  the  presence 
of  large  amounts  of  glucose  (Table  V). 
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Flat-Bottomed  Microcups  as  Weighing 
Bottles  and  Reaction  Vessels 
for  Kjeldahl  Analyses  of 
Viscous  Liquids 

GEORGE  E.  FERGUSON  AND  LEOPOLD  SCHEFLAN 
Pyrene  Manufacturing  Company,  Newark,  N.  J. 


IN  THE  course  of  an  extensive  research  study  it  became 
necessary  to  make  a  large  number  of  quantitative  nitro¬ 
gen  determinations  of  very  viscous  and  sticky  liquids.  At¬ 
tempts  to  weigh  the  samples  in  the  ordinary  manner  and  to 
transfer  them  afterwards  to  Kjeldahl  digestion  flasks  were 
unsuccessful,  as  the  samples  could  not  be  transferred  com¬ 
pletely  to  the  flasks  without  using  an  excessively  large  amount 
of  water.  After  various  alternative  procedures  had  been  con¬ 
sidered,  it  was  found  best  to  employ  very  small  glass  cups 
to  hold  the  samples. 

The  microcups  were  made  from  ordinary  10-ml.  specimen 
vials,  of  clear  glass,  with  straight  sides  and  flat  bottoms. 
The  lower  ends  of  the  vials  were  cut  off  by  means  of  a  hot¬ 
wire  glass  cutter  so  as  to  give  cups  of  a  capacity  of  approxi¬ 
mately  1  ml.  After  careful  cleaning  and  drying,  the  cups 
were  weighed,  filled  with  the  sample,  weighed  again,  and  then 
placed  in  the  Kjeldahl  flasks  for  subsequent  routine  treat¬ 
ments. 

These  microcups  gave  very  satisfactory  results.  They 
were  used  over  again  many  times,  as  there  was  no  breakage 
whatsoever  during  the  digestion  and  distillation. 


Microtechnique  of  Organic  Qualitative  Analysis 

Group  Tests  for  Compounds  of  Carbon,  Hydrogen,  and  Oxygen 

D.  GARDNER  FOULKE  AND  FRANK  SCHNEIDER 
School  of  Chemistry,  Rutgers  University,  New  Brunswick,  N.  J.,  and  Department  of  Chemistry, 

Queens  College,  Flushing,  N.  Y. 


BY  MEANS  of  the  classification  reactions  described  in 
the  preceding  paper  of  this  series  {18),  an  unknown  or¬ 
ganic  compound  can  be  identified  as  an  aldehyde,  carbohy¬ 
drate,  phenol,  acid,  ester,  alcohol,  ketone,  ether,  or  hydro¬ 
carbon.  By  means  of  the  elementary  analysis,  it  is  also  pos¬ 
sible  to  identify  it  as  a  nitrogen  compound  or  one  containing 
halogen  or  sulfur.  It  is  often  very  advantageous  to  carry  out 
certain  other  tests  which  further  limit,  the  field  of  search  and 
which  may  give  valuable  clues  to  the  identity  of  the  unknown 
substance.  Such  tests  are  included  in  Kamm’s  classification 
reactions  {12)  and  in  Mulliken  and  Huntress’s  sectional  and 
numbered  tests  {15).  The  microtechnique  for  these  tests  is 
described  below. 

Fehling’s  Test 

A  microtechnique  for  this  test  has  been  described  by  Emich 
{2)  and  by  Garner  {10).  Emich  carries  out  the  test  in  centri¬ 
fuge  cones,  while  Garner  uses  a  microscope  slide.  In  the 
latter  method,  the  liquid  is  taken  up  by  a  piece  of  filter  paper, 
using  only  one  edge.  In  this  way  the  orange  precipitate  of 
copper  oxide  is  collected  on  that  edge  and  becomes  easily 
visible,  even  when  only  a  very  small  amount  is  present. 

The  authors  use  a  capillary  tube  for  this  test,  with  the  idea 
that  semiquantitative  estimations  could  be  made  simultaneously 
with  the  qualitative  tests.  The  capillary  has  a  bore  of  0.5  mm. 
About  2  mm.  of  the  reagent  and  10  mm.  of  the  1  per  cent  sugar 
solution  are  drawn  in  and  one  end  of  the  capillary  is  sealed.  After 
centrifuging  to  this  end,  the  open  end  is  sealed  and  the  liquids 
are  centrifuged  back  and  forth  to  mix  thoroughly.  The  capillary 
is  then  heated  on  the  water  bath  (in  a  test  tube  immersed  in  the 
water  bath).  The  orange  precipitate  soon  appears  and  can  be 
centrifuged  out.  If  a  known  quantity  of  sugar  is  used,  the 
amount  of  the  precipitate  can  be  compared  with  that  obtained 
from  a  standard  sugar  solution. 

Osazone  Formation 

Mulliken  and  Huntress  {15),  Kamm  {13),  and  others  {19) 
subdivide  the  carbohydrates  according  to  the  time  required 
for  the  formation  and  appearance  of  the  osazones.  According 
to  Huntress,  the  conditions  under  which  the  reaction  is  carried 
out  must  be  rigidly  adhered  to,  and  the  errors  in  measure¬ 
ments  must  not  exceed  1  per  cent. 

The  reagent  is  made  by  dissolving  1  gram  of  phenylhydrazine 
hydrochloride  and  1.5  grams  of  sodium  acetate  in  7  ml.  of  water, 
warming  to  dissolve.  A  solution  of  1  part  of  sugar  to  3  parts  of 
water  is  made  up.  A  capillary  of  at  least  1-mm.  bore  and  120 
mm.  long  is  used.  Seven  millimeters  of  reagent  are  drawn  into 
the  middle  of  the  capillary  through  one  end  and  then  3  mm.  of 
the  sugar  solution  at  the  other.  The  reagent  end  of  the  capillary 
is  sealed,  and  the  2  droplets  are  joined  by  centrifuging  and  then 
mixed  by  means  of  a  glass  thread.  The  open  end  of  the  capillary 
is  sealed  and  the  droplets  are  centrifuged  to  the  reagent  end  again. 
Owing  to  the  heating  of  the  sugar  end  during  sealing,  some  char¬ 
ring  takes  place.  The  solutions  must  not  come  in  contact  with 
this  charred  residue.  The  tube  is  placed  in  a  beaker  of  boiling 
water,  the  exact  time  of  immersion  noted,  and  the  tube  observed 
for  the  formation  of  a  precipitate.  The  time  required  for  the  ap¬ 
pearance  of  a  precipitate  is  noted. 

The  authors’  experiments  showed  that  the  same  time  is  re¬ 
quired  for  the  osazone  formation  when  carried  out  as  described 
above  as  when  the  macroprocedure  is  used.  The  precipitate  can, 
of  course,  be  transferred  to  a  microscope  slide  for  further  micro¬ 
scopic  examination  {11,  16). 


Garard  and  Sherman  (3)  prepared  the  osazones  of  small  quanti¬ 
ties  of  sugars,  but  used  larger  samples  than  the  authors  and 
worked  with  much  greater  volumes — 10  ml.  Fischer  and  Paulus 
(7),  in  addition  to  preparing  the  osazones  of  1-mg.  samples,  pre¬ 
sented  an  analytical  scheme  for  the  identification  of  a  sugar  or  a 
mixture  of  two.  Wagenaar  {20)  used  a  solution  of  a-naphthol 
and  glycerol  as  a  test  for  fructose  or  a  di-  or  trisaccharide  con¬ 
taining  fructose.  None  of  the  above  investigators  used  the  Mulli¬ 
ken  and  Huntress  reagent  or  studied  the  time  of  osazone  forma¬ 
tion. 

Acetyl  Chloride  Test 

A  1-mm.  bore  capillary  tube  is  used.  Eight  millimeters  of 
acetyl  chloride  and  5  mm.  of  the  alcohol  are  drawn  in  and  both 
ends  of  the  capillary  are  sealed.  By  centrifuging  back  and  forth 
the  liquids  are  mixed.  The  capillary  is  allowed  to  stand  for  2 
minutes,  during  which  the  liquid  column  may  separate  into  two 
droplets.  In  this  case  these  should  be  centrifuged  together.  After 
2  minutes,  the  empty  end  of  the  capillary  is  scratched  with  an 
ampoule  file  or  piece  of  broken  porcelain  and  carefully  broken  off. 
The  same  is  done  with  the  other  end.  When  the  first  end  is 
broken  off,  a  slight  “pop”  can  be  heard,  which  indicates  that  a 
reaction  has  taken  place.  Twenty  millimeters  of  water  are  added 
to  the  capillary,  one  end  is  sealed  again,  and  the  droplets  are 
centrifuged  together.  In  the  case  of  alcohols  which  form  slightly 
soluble  or  insoluble  esters,  two  layers  will  form.  The  liquids  are 
blown  out  on  a  slide  and  the  characteristic  odor  of  the  ester  can 
be  detected.  Positive  results  were  obtained  with  nine  alcohols 
tested,  but  glycerol  reacted  very  slowly. 

Morton  and  Peakes  (14)  carried  out  a  reaction  with  acetyl 
chloride  in  capillaries  as  a  step  in  the  detection  of  triaryl  carbinols. 

Zinc  Chloride— Hydrochloric  Acid  Test 

Two  to  3  mm.  of  the  alcohol  to  be  tested  are  drawn  into  one 
end  of  a  capillary  and  six  times  as  much  zinc  chloride-hydro¬ 
chloric  acid  reagent  is  drawn  up  into  the  other  end.  Both  ends 
are  sealed  and  the  liquids  are  centrifuged  twice  back  and  forth. 
The  contents  are  examined  for  turbidity.  After  1  hour  the 
capillary  is  examined  again.  In  case  a  turbidity  appears  at  either 
time,  the  capillary  is  centrifuged  and  examined  for  the  presence  of 
two  layers.  Normal  alcohols  will  give  no  turbidity  even  after  1 
hour’s  standing.  Secondary  alcohols  will  become  turbid  after  a 
time  and  two  layers  can  be  centrifuged  out.  Tertiary  alcohols 
give  an  immediate  turbidity  which  may  separate  out  into  two 
layers  even  without  centrifuging. 

Bromine  Addition  Test  for  Phenols 

This  test  has  been  described  by  Behrens  {1)  and  Emich  {6). 
It  is  carried  out  on  a  slide  and  should  be  observed  against  first  a 
black  background  and  then  a  white  background.  The  bromine 
can  be  added  either  as  a  droplet  of  bromine  water  or  by  inverting 
the  slide  over  the  mouth  of  a  bottle  of  bromine  water. 

Phthalein  Fusion  Test 

Using  the  same  technique  as  in  filling  a  melting  point  tube,  a 
crystal  of  the  phenol  (approximately  5  micrograms)  and  an  equal 
bulk  of  phthalic  anhydride  are  introduced  into  a  capillary  50  to 
60  mm.  long  and  of  1  to  1.5-mm.  bore,  sealed  at  one  end.  A 
droplet  of  concentrated  sulfuric  acid  is  added  by  means  of  a 
capillary  pipet.  The  acid  is  centrifuged  to  the  solid.  The  tube 
is  then  heated  in  a  sulfuric  acid  (melting  point)  bath  at  160°  C. 
for  3  minutes.  After  cooling,  2  drops  of  water  are  introduced  by 
means  of  a  capillary  pipet,  centrifuged  to  the  sealed  end,  and 
mixed  by  means  of  a  glass  thread.  The  sealed  end  is  cut  off  and 
the  liquid  blown  out  on  a  shde.  Sodium  hydroxide  solution  (5 
per  cent)  is  added  to  alkaline  reaction.  The  bright  and  character¬ 
istic  colors  of  the  phthaleins  are  obtained.  Should  sodium  sulfate 
crystallize  out  when  the  solution  is  made  alkaline,  a  drop  or  two 
of  water  must  be  added  to  dissolve  it. 
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Sodium  Bisulfite  Test 

Gamer  (10)  mixes  an  ether  solution  of  the  substance  with  an 
iqueous  solution  of  sodium  metabisulfite  in  a  “settling  tube  . 
The  authors  carry  out  this  test  on  a  microscope  slide.  The 
■eagent  is  prepared  according  to  the  directions  of  Mulliken  and 
Huntress  (15).  A  small  drop  of  the  liquid  aldehyde  or  of  the 
■oncentrated  ether  solution  of  the  solid  is  placed  on  the  slide 
reside  a  droplet  of  the  reagent.  The  droplets  are  joined  and  mixed 
vith  glass  thread.  In  case  no  precipitate  appears  on  mixing,  the 
inger  tip  is  touched  to  the  underside  of  the  slide  directly  beneath 
;he  merged  drops  to  test  for  the  evolution  of  heat.  If  much  heat 
s  evolved,  the  slide  is  laid  on  a  cold  surface  such  as  a  cold  metal 
olock  and  when  cold  is  examined  for  a  precipitate. 

Tollen’s  Silver  Mirror  Test 

This  test  has  been  described  by  Emich  (5)  and  can  be  carried 
jut  on  a  microscope  slide  or  in  a  capillary.  The  technique  is 
identical  with  that  for  the  Fehling’s  test.  The  reagent  is  prepared 
according  to  Mulliken  and  Huntress  (15).  This  test  exemplifies 
once  more  the  advantages  of  the  microtechnique.  On  the  ordinary 
macro  scale  care  must  be  taken  to  dispose  of  the  test  liquids  im¬ 
mediately  because  of  their  dangerously  explosive  properties.  The 
minute  quantities  used  in  the  microtest  greatly  minimize  the 
danger. 

Bromine  Addition  Test  for  Hydrocarbons 

In  testing  for  unsaturation  in  hydrocarbons  according  to 
Kamm,  the  addition  of  bromine  is  of  value.  Small  drops  of  a 
carbon  tetrachloride  solution  of  bromine  are  placed  in  two  ad¬ 
jacent  depressions  of  a  white  spot  plate.  A  drop  of  the  substance 
(from  a  capillary  pipet)  is  added  to  one  depression  and  a  drop  of 
equal  size  of  carbon  tetrachloride  to  the  second.  The  control  is 
necessary  when  the  addition  of  bromine  is  slow;  this,  however, 
occurs  only  very  rarely.  The  test  can  also  be  carried  out  in  a 
capillary.  The  substance  is  introduced  first,  and  then  tiny  drop¬ 
lets  of  the  bromine  solution  are  added  from  a  capillary  pipet  until 
the  color  remains.  In  this  way  a  rough  idea  of  the  amount  of 
bromine  required  can  be  obtained. 

Iodoform  Test 

Emich  (4)  carries  out  this  test  in  the  centrifuge  cone,  the  vola¬ 
tility  of  the  iodoform  making  the  use  of  the  slide  inadvisable.  The 
contents  of  the  cone  are  examined  under  the  microscope  for  the 
yellow  hexagons  of  the  compound. 

Aluminum  Chloride  Test 

A  Pyrex  capillary  tube,  about  1-mm.  bore,  is  dipped  into  an¬ 
hydrous  aluminum  chloride,  so  that  some  of  the  salt  is  pushed 
into  the  tube,  and  the  excess  salt  on  the  outside  of  the  capillary 
is  wiped  off.  The  end  which  contains  the  aluminum  chloride  is 
heated  cautiously,  starting  at  the  very  tip,  so  that  the  salt  sublimes 
into  the  capillary.  When  all  has  sublimed  away  from  the  end, 
it  is  heated  to  the  softening  point  and  pinched  shut  with  a  forceps. 
Then  the  tube  is  held  high  over  the  burner,  so  as  to  sublime  the 
aluminum  chloride  farther  into  the  tube  but  slowly,  so  that  it 
deposits  again  in  a  thin  layer.  After  cooling  the  sealed  end  is  cut 
off  and  the  other  end  is  dipped  into  a  solution  of  the  hydrocarbon 
in  chloroform  (0.5  gram  of  hydrocarbon  in  2.5  ml.  of  chlorolorm). 
The  drop  is  allowed  to  slide  down  the  tube  to  the  aluminum  chlo¬ 
ride,  and  the  color  is  observed  immediately  against  a  white  back¬ 
ground  and  again  20  minutes  later. 

Specific  Gravity 

Mulliken  and  Huntress  (15)  subdivide  the  hydrocarbons 
according  to  values  of  the  boiling  point,  melting  point,  and 
density;  solubility  in  a  number  of  solvents;  and  amount  of 
bromine  added  (bromide-bromate  number).  The  values  of 
the  boiling  and  melting  points  can  be  obtained  by  one  of  the 
methods  listed  in  the  first  paper  of  this  series  (8).  For  the 
purposes  of  this  classification,  it  is  not  necessary  to  know  the 
exact  value  of  the  density  but  only  whether  it  lies  in  one  range 
or  another.  Therefore,  if  the  sample  is  compared  to  a  few 
standards  whose  densities  lie  at  the  boundary  of  these  ranges, 
the  range  in  which  the  density  of  the  unknown  is  to  be  found 
can  readily  be  determined.  This  comparison  is  best  and  most 
rapidly  carried  out  by  the  schlieren  method  (S).  The  un¬ 
known  is  used  as  a  fluid  sample  and  the  standards  are  used 


as  static  samples.  The  standards  should  be  substances  in 
which  the  unknown  is  soluble,  and  which  do  not  have  too  low 
a  boiling  point  and  are  not  too  expensive.  Since  we  are  con¬ 
cerned  here  with  hydrocarbons,  substances  like  these  in 
character  are  used  as  standards  to  ensure  mutual  solubility. 
The  following  table  lists  a  number  of  substances  which  can 
be  employed: 


Specific  Gravity 

Substance  at  20°  C.  Boiling  Point 

°  C. 


Octane 
Diethyl  ether 
n-Decane 

Methyl  isobutyl  ketone 
n-Decyl  alcohol 
Acrolein 

Amyl  ieopropionate 


0.706 

125 

0.708 

35 

0.730 

173 

0.801 

118 

0.830 

231 

0.841 

52 

0.870 

160 

The  values  of  the  specific  gravity  ranges  are  those  called 
for  in  the  scheme  of  Mulliken  and  Huntress  (15). 


Solubility 

The  solubility  of  the  hydrocarbon  sample  in  the  solvents 
used  in  the  classification  of  Mulliken  and  Huntress  can  be 
determined  by  one  of  the  methods  described  in  the  second 
paper  of  this  series  (17). 


Oxidation  of  Side  Chains 

The  permanganate  oxidation  of  the  side  chain  can  be  used 
for  confirmatory  identification.  Since  an  excess  of  the  per¬ 
manganate  reagent  will  oxidize  and  destroy  the  benzoic  or 
other  acid  formed,  it  is  important  not 
to  use  much  more  than  the  theoretical 
quantity  of  the  reagent. 


A  tube  shaped  like  Figure  1  (left)  is 
used.  The  bulb  is  about  10  mm.  in  di¬ 
ameter,  the  wide  portion  of  the  tube  6 
mm.  in  bore  and  5  to  6  cm.  in  length.  For 
toluene  0.3  ml.  of  a  saturated  potassium 
permanganate  solution  and  10  cm.  of 
the  hydrocarbon  are  introduced  into  the 
\  /  tube,  which  is  then  sealed  at  A.  For 

other  hydrocarbons  a  proportionate 
amount  of  the  permanganate  is  used. 
The  tube  is  heated  in  a  steam  bath  for 
2  to  8  hours  with  frequent  shaking. 
After  the  color  of  the  permanganate  has 
disappeared,  the  tube  is  cooled  and  cut  at 
A,  the  sealed  tip  is  broken  off,  and  the 
other  portion  of  the  tube  is  cut  off  at  B. 
The  funnel-shaped  portion  of  the  tube  is 
inserted  into  the  other  part  as  shown  in 
Figure  1  (right)  and  centrifuged.  The 
funnel  is  washed  once  into  the  tube. 

Figure  1  The  liquid  is  transferred  to  a  centrifuge 

cone  by  inverting  the  tube  into  the  cone 
and  centrifuging  in  this  position.  A  flip 
with  the  hand  usuallv  suffices.  After  centrifuging,  the  supernatant 
liquid  is  transferred  by  siphoning  into  a  second  centrifuge  cone, 
where  it  is  concentrated  on  the  water  bath,  using  an  air  stream, 
to  about  0.3  ml.  Should  a  precipitate  appear  at  this  point  it  is 
filtered  off  The  clear  liquid  is  acidified  with  hydrochloric  acid. 
The  precipitate  is  separated  by  centrifuging  washed  with  water, 
and  finally  recrystallized  from  alcohol.  A  melting  point  de- 
torminflt.inn  is  then  carried  out  in  the  usual  manner. 


o 


Saponification  Equivalent 

In  determining  the  saponification  equivalent  of  esters,  the 
diethylene  glycol  reagent  used  in  the  qualitative  test  described 
in  the  previous  paper  of  this  series  (18)  was  employed.  The 
procedure  is  as  follows: 


About  0.15  to  0.2  gram  of  the  glycol-potassium  hydroxide 
eagent  is  weighed  out  on  a  microbalance  in  a  small ^glass- 
toppered  weighing  bottle  10  mm.  in  diameter  and  20  mm.  in 
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height.  Then  about  6  to  10  mg.  of  the 
ester  are  introduced  and  the  bottle  is 
weighed  again.  The  bottle  is  stoppered  and 
heated  in  a  brass  or  copper  block  (Figure 
2)  to  60°  to  70°  C.  The  stopper  is  then 
opened  momentarily,  closed  tightly  again, 
and  heated  to  130°,  at  which  temperature 
it  is  held  for  2  minutes.  It  is  allowed  to 
cool,  the  stopper  being  occasionally  re¬ 
moved  momentarily  to  prevent  later  diffi¬ 
culty  in  its  removal.  The  stopper  is  washed 
off  into  the  bottle.  The  contents  of  the 
latter  are  then  washed  out  into  a  10-ml. 

Erlenmeyer  flask.  Care  should  be  taken 
to  keep  the  volume  of  the  liquid  small, 
not  exceeding  2  ml.  It  is  then  titrated 
with  0.02  N  acid,  using  phenolphthalein  as 
indicator.  A  blank  is  run  on  the  reagent 
to  determine  the  amount  of  potassium  hy¬ 
droxide  per  gram  of  the  reagent. 

Attempts  to  measure  the  reagent  volu- 
metrically  gave  poor  results  because  of 
the  difficulty  of  getting  the  same  volume  of 
such  a  viscous  liquid  from  a  capillary  pipet 
each  time  the  experiment  was  tried.  Care 
must  be  taken  throughout  the  determina¬ 
tion  .to  prevent  loss  of  easily  volatile 
esters.  When  introducing  the  sample  into 
the  weighing  bottle,  a  capillary  pipet 
should  be  used  and  the  sample  delivered 
from  the  pipet  directly  over  the  diethylene  glycol  reagent,  so  that 
solution  in  the  reagent  takes  place  as  quickly  as  possible. 


I 


Figure  2 
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Microscopic  Identification  of  Certain  Sugars 

and  Polyhydric  Alcohols 

JOHN  A.  QUENSE  and  WILLIAM  M.  DEHN 
University  of  Washington,  Seattle,  Wash. 


IN  A  RECENT  contribution,  photomicrographs  depicted 
the  crystal  habits  of  eighteen  sugars  precipitated  from  satu¬ 
rated  aqueous  solutions  by  acetone,  alcohol,  acetonitrile,  or 
1,4-dioxane  {23).  These  crystals  are  easily  obtained  and  can 
now  be  compared  with  the  photomicrographs  for  purposes  of 
identification.  This  paper  extends  the  use  of  the  method  to 
three  rare  sugars,  three  polyhydric  alcohols,  and  a  series  of 
twelve  binary  mixtures.  Table  I  gives  optical  properties  of 
the  sugars  and  alcohols  for  purposes  of  confirmation. 

In  crystallizing  the  eighteen  single  sugars,  saturated  aque¬ 
ous  solutions  were  diluted  with  the  miscible  solvents  to  cause 


On  dilution  with  the  miscible  solvents,  one  or  more  of  the 
components  may  fail  to  crystallize  because  of  the  degree  of 
supersaturation  (4,  21),  interference  of  other  components  and 
foreign  substances  {6,  25,  31),  formation  of  colloids  {2,  23), 
or  the  separation  of  a  sirup  {23) . 

When  mixtures  crystallize,  deformation  of  the  normal  habit 
of  the  individual  crystals  may  occur  because  of  the  presence 
of  foreign  substances  in  solution  (7,  13,  14,  27,  31),  tempera¬ 
ture  changes  {28),  varying  degrees  of  supersaturation 
{11),  and  the  previous  history  of  the  crystallizing  substance 
{9,  29). 


Table  I.  Optical  Properties 


Compound  Crystal  System  Elongation 


Extinction 


Interference  Colors 


Gentiobiose 

d-Lyxose 

Trehalose 

Dulcitol 

Mannitol 

Sorbitol 


No  data 

Monoclinic  (17,  24,  SO) 
Orthorhombic  (10) 
Monoclinic  (8,  20) 
Orthorhombic  (20,  26) 


+ 


a 


Parallel  to  approximately  7° 
Parallel  to  slightly  inclined  (17,  SO) 
Parallel  (17) 

Parallel  to  approximately  40° 
Parallel  to  slightly  inclined 


Low  1st  order 

1st  and  2nd  order  (17,  SO) 

1st  order  gray  (17) 

1st  and  2nd  order 
Low  1st  order 


a  Sorbitol  is  described  as  needles  (12),  bunches,  or  knobs  of  intergrown  needles  (S).  The  discoverer  of  sorbitol 
states  that  the  form  of  the  crystals  would  be  difficult  to  determine  (1).  The  habit  is  similar  to  that  of  mannitol 
crystallized  under  some  conditions. 


crystallization  {23).  In  the  aqueous  solutions  of  the  binary 
mixtures  investigated,  the  components  were  present  approxi¬ 
mately  in  the  ratios  of  their  individual  solubilities  in  water. 
Because  of  their  mutual  solubility  effects  {IS,  14,  15,  22)  the 
solutions  may  have  been  saturated  with  respect  to  one  of  the 
components  but  not  necessarily  to  the  other. 


That  changes  of  habit  have  not  obscured  the  identity  of  the 
crystals  from  the  following  sugar  and  polyhydric  alcohol  mix¬ 
tures,  is  illustrated  in  the  photomicrographs.  Identification 
of  the  individual  crystals  in  the  mixtures  can  be  made  by  in¬ 
specting  the  photomicrographs  of  the  previous  contribution 
{23). 
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Acetone 


Alcohol 


Acetonitrile 


1,4-Dioxane 


Gentiobiose 


Sorbitol 


Cellobiose 

Raffinose 


Glucose 

Galactose 


it 


Glucose 

Cellobiose 


Glucose 

ILactcse 


«  W  » 


r 


i 


Glucose 

Sucrose 
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Cellobiose 

Melibiose 
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Alcohol 


Acetonitrile 


1,4-Dioxane 


Galactose 

Cellobiose 


Galactose 

Dulcitol 


Galactose 

Lactose 


Galactose 

Raffinose 


Lactose 

Raffinose 
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Glucose  Precipitated  by  Diacetone  Alcohol,  Isopropyl  Alcohol,  Methyl- 
ethyl  Ketone,  Butyl  Cellosolve,  Furfuryl  Alcohol,  and  Cellosolve 


Acetone 


Alcohol 


Acetonitrile 


1,4-Dioxane 


Cellobiose 

Galactose 

Baffinose 


The  influence  of  the  viscosity  of  the  medium  is  the  subject 
of  conflicting  opinions  (5,  16,  18,  19).  The  authors  have 
crystallized  glucose  from  saturated  aqueous  solutions  with 
six  additional  miscible  solvents  of  varying  viscosity  as  a  pre¬ 
liminary  step  in  the  determination  of  the  influence  of  this 
factor  in  the  crystallization  of  sugars.  The  feasibility  of  iden¬ 
tifying  sugars  in  mixtures  of  more  than  two  components  is 
demonstrated  in  the  photomicrographs  of  raffinose,  galactose, 
and  cellobiose.  Work  is  continuing  on  ternary  and  quater¬ 
nary  mixtures. 

Acknowledgment 

The  authors  are  grateful  to  the  Pfanstiehl  Chemical  Com¬ 
pany  for  a  gift  of  four  rare  sugars  which  were  used  in  this  re¬ 
search. 

Literature  Cited 

(1)  Bousingault,  Ann.  chim.  phys.,  (4)  26,  376  (1872). 

(2)  Dedek  and  Novacek,  Kolloid  Z.,  42,  163-7  (1927). 

(3)  Fischer,  E.,  Ber.,  23,  3686  (1890). 

(4)  Fouquet,  Compt.  rerid.,  150,  280-2  (1910). 

(5)  Frenkel,  Physik.  Z.  Sowjetunion,  1,  498-500  (1932). 

(6)  Freundlich,  Z.  physik.  Chem.,  75,  245-56  (1911). 

(7)  Gaubert,  Compt.  rend.,  190,  1230-2  (1930);  202, 1192-4  (1936). 


(8)  Gilmer  and  Bouchardat,  Ann.  chim.  phys.,  (4)  27,  77  (1872). 

(9)  Ginneken,  P.  J.  H.  van,  Chem.  Weekblad,  16,  1210-29  (1919). 

(10)  Groth,  P.,  “Chemische  Krystallographie”,  Vol.  Ill,  5  tie.,  pp. 

381,  450,  Leipzig,  W.  Engelmann,  1906-19. 

(11)  Herrington,  J.  Dairy  Sci.,  17,  533-42  (1934). 

(12)  Hitzmann  and  Tollens,  Ber.,  22,  1048  (1889). 

(13)  Hungerford  and  Nees,  Ind.  Eng.  Chem.,  26,  462-4  (1934). 

(14)  Hunziker  and  Nisson,  J.  Dairy  Sci.,  9,  517-37  (1926);  10,  ISO- 

54  (1927). 

(15)  Jackson  and  Silsbee,  Bur.  Standards,  Tech.  Paper  259,  277-304 

(1924). 

(16)  Jenkins,  J.  Am.  Chem.  Soc.,  47,  903-22  (1925). 

(17)  Keenan,  J.  Wash.  Acad.  Sci.,  16,  433—40  (1926). 

(18)  Kukharenko  and  Kartashev,  Nauch.  Zapiski  Gosudarst.  Eksp. 

Inst.  Sakharnol  Prom.  (Russian),  5, 177-84  (1927). 

(19)  Kuznetzov,  V.  I.,  Zapiski  (Russian),  2,  226-34  (1925). 

(20)  Marwick,  Nature,  127,  11-12  (1931). 

(21)  Miers  and  Isaac,  Proc.  Roy.  Soc.  London,  (A)  79,  322-51  (1907). 

(22)  Peter,  J.  Phys.  Chem.,  32,  1856-64  (1928). 

(23)  Quense  and  Dehn,  Ind.  Eng.  Chem.,  Anal.  Ed.,  11,  555  (1939). 

(24)  Sachs,  Ber.,  33,  1800  (1900). 

(25)  Sandera,  Listy  Cukrovar,  51,  125-8  (1932). 

(26)  Schabus,  Jahres  Berichte  uber  die  Fortschritte  der  Chemie,  627 

(1854). 

(27)  Schmutzer,  Proc.  Acad.  Sci.  Amsterdam,  40,  800-2  (1932). 

(28)  Seifert,  Centr.  Mineral.  Geol.,  3-7  (1923). 

(29)  Serra,  Industria  chimica,  8,  849-51  (1933). 

(30)  Wherry,  J.  Am.  Chem.  Soc.,  40,  1853  (1918). 

(31)  Zemyatchenskri,  Bull.  Acad.  Sci.  Petrograd,  1914,  1009-22. 


Determination  of  Ruthenium  by  Thionalide 

Absorption  of  Ruthenium  Tetroxide  with  Hydrogen  Peroxide 

W.  J.  ROGERS,  F.  E.  BEAMISH,  AND  D.  S.  RUSSELL 
University  of  Toronto,  Toronto,  Ontario,  Canada 


Ruthenium  tetroxide  is  distilled  from  a 
dilute  sulfuric  acid  solution  containing 
sodium  bromate  and  absorbed  in  a  3  per 
cent  solution  of  c.  p.  hydrogen  peroxide. 
Ruthenium  is  recovered  by  precipitation 
with  thioglycobc  /3-aminonaphthalide;  the 
complex  is  ignited  in  air,  reduced  in  hydro¬ 
gen,  and  weighed  as  ruthenium  metal. 


THE  separation  of  ruthenium  when  present  with  other 
metals  is  practically  always  accomplished  by  oxidation 
to  the  volatile  tetroxide  by  means  of  chlorine,  perchloric  acid, 
or  sodium  bromate.  Various  procedures  have  been  suggested 
for  the  subsequent  determination  of  ruthenium  in  the  result¬ 
ing  distillate. 

Howe  and  Mercer  (S)  absorbed  the  liberated  ruthenium  tetrox¬ 
ide  in  a  dilute  solution  of  potassium  hydroxide,  containing  some 
alcohol,  and  precipitated  ruthenium  as  an  oxide  by  warming  on  a 
steam  bath:  however,  they  could  not  satisfactorily  free  this 
precipitate  from  alkali.  Gilchrist  (2)  adopted  and  improved  a 
method  proposed  by  Ruff  and  Bornemann  (7)  for  the  determina¬ 
tion  of  osmium,  in  which  hydrated  osmium  dioxide  was  recovered 
from  alkaline  osmate  solutions  by  neutralizing  with  sulfuric  acid. 
Gilchrist  avoided  error  due  to  the  occlusion  of  silica  or  the  absorp- 
tion  of  alkali  by  approaching  the  neutralization  of  the  ruthenium 
solutions  from  the  acid  side.  He  neutralized  the  acid  solution 
with  a  10  per  cent  sodium  bicarbonate  solution  to  pH  o,  and 
precipitated  the  ruthenium  as  a  hydrated  oxide.  This  hydrated 
oxide  was  washed  with  ammonium  sulfate  solutions  to  avoid 
deflagration  and  the  reduced  ruthenium  was  leached  with  hot 
water  to  remove  soluble  salts. 

Because  no  other  more  satisfactory  method  for  the  de¬ 
termination  of  ruthenium  was  available,  this  hydrolytic  pro¬ 
cedure  has  been  used  in  this  laboratory  for  many  hundreds  of 
determinations  of  microsamples.  The  conclusion  reached  by 
the  authors  as  a  result  of  this  experience  is  that  consistently 
accurate  results  are  not  obtained  with  small  samples.  It 
would  seem  that  a  large  proportion  of  the  absolute  error  as¬ 
sociated  with  the  macrodetermination  also  applies  to  the 
microdetermination.  The  inaccuracies  appear  to  be  due  in 
part  to  the  inefficiency  of  the  final  leaching  process.  For  the 
purposes  of  semimicrowork  at  least  this  method  was  not  con¬ 
sidered  reliable.  . 

Berg  and  Roebling  ( 1 )  studied  the  reaction  of  *  thionalid 
(thioglycolic  /3-aminonaphthalide),  with  base  metals,  and 
stated  that  the  reagent  precipitated  platinum  and  palladium. 
Kienitz  and  Rombock  U)  determined  rhodium  by  addition  of 
thionalide  and  titration  of  excess  reagent.  The  efficiency  of 
this  organic  compound  for  the  precipitation  of  the  platinum 
metals  is  being  examined  in  the  authors’  laboratories,  and  the 
following  is  a  report  of  its  successful  application  to  the  deter¬ 
mination  of  ruthenium. 

Preparation  of  Ammonium  Chlororuthenate 

Ammonium  chlororuthenate  was  prepared  by  distillation  from 
a  solution  of  ruthenium  chloride,  sulfuric  acid,  and  sodium 
bromate.  The  evolved  ruthenium  tetroxide  was  absorbed  in  re¬ 


distilled,  constant-boiling  hydrochloric  acid  (21  per  cent  by 
weight).  The  absorbing  solutions  were  refluxed  in  a  cold  finger 
reflux  condenser  to  ensure  total  conversion  to  chlororuthenic  acid. 
The  solution  was  concentrated,  and  ammonium  chlororuthenate 
was  precipitated  by  the  addition  of  a  saturated  solution  of  am¬ 
monium  chloride.  The  crystals  were  filtered  through  an  A2  filter¬ 
ing  crucible,  washed  with  95  per  cent  alcohol,  redissolved  in  hot 
2  3  N  hydrochloric  acid,  and  filtered  hot.  The  filtrate  was  con¬ 
centrated  and  cooled  rapidly.  The  resulting  crystals  were 
filtered,  washed  with  95  per  cent  alcohol  until  the  washings  were 
colorless,  then  desiccated  over  phosphorus  pentoxide,  and  ground 
in  an  agate  mortar. 

Analysis  of  salt  No.  1  by  direct  ignition  in  hydrogen  yielded 
30.73  per  cent  ruthenium  metal.  Sample  2  was  similarly 
analyzed,  and  yielded  30.90  per  cent  ruthenium  metal.  A 
standard  solution  was  prepared  from  No.  2  by  dissolving  a 
weighed  amount  in  0.5  N  hydrochloric  acid  solution.  The 
calculated  ruthenium  content  was  10.03  mg.  per  10.00  ml.  of 
solution. 

Precipitation  of  Ruthenium  with  Thioglycolic 
/3-Aminonaphthalide 

Determination  of  Organic  Constituent— Ruthenium 
Ratio.  The  precipitation  of  the  ruthenium-organic  compound 
was  made  from  a  solution  of  ruthenium  chloride  in  95  per  cent 
ethyl  alcohol.  The  resulting  precipitate  was  filtered  through  a 
filtering  crucible,  washed  with  ethyl  alcohol  in  which  the  precipi¬ 
tant  is  soluble,  dried  at  110°  C.,  and  weighed.  It  was  then  mois¬ 
tened  with  water  and  covered  with  a  wet  ashless  filter-paper  pulp, 
ignited,  and  reduced  in  hydrogen.  In  two  typical  cases  the  weight 
of  sample  was  29.07  and  20.81  mg.  The  weight  of  ruthenium 
metal  recovered  was  5.42  and  3.82  mg.  These  indicate  a  ratio 
of  one  atomic  weight  of  ruthenium  to  two  formula  weights  of 

thionalide.  ,  , 

Weighed  samples  of  ammonium  chlororuthenate  were  dissolved 
in  an  acidified  aqueous  solution,  diluted,  and  brought  almost  to  a 
boil.  An  excess  of  the  calculated  amount  of  organic  precipitant 


Table  I.  Determination  of  Ruthenium  with  Thioglycolic 
/3-Aminonaphthalide 


Total 

Weight  of 

Weight 

Weight 

Absolute 

Volume  of 

Volume 

(NHda- 

of  Ru 

of  Ru 

No. 

Coned.  Acid 

of  Soln. 

RuCla 

Taken 

Recovered 

Error 

Ml. 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

0.4  HC1 

60 

20.89 

6.42 

6.44 

+0.02 

2 

0.4  HC1 

60 

21.38 

6.57 

6.56 

-0.01 

3 

0.4  HC1 

60 

10.68 

3.29 

3.32 

+  0.03 

4 

0.4  HCl 

60 

17.88 

5.49 

5.53 

+0.04 

5 

0.4  HCl 

75 

18.58 

5.71 

5.73 

+  0.02 

6 

0.4  HCl 

60 

21.21 

6.52 

6.55 

+0.03 

7 

0.15  HCl 

150 

48.18 

14.81 

14.85 

+  0.04 

8 

0 . 1  HCl 

50 

10.03 

10.02 

—  0.01 

9 

0 . 25  HCl 

50 

10.03 

10.09 

+0.06 

10 

0 . 25  HCl 

50 

... 

10.03 

10.03 

0.0 

11 

0.3  HCl 

50 

10.03 

9.99 

—0.04 

12 

0.5  HNOa 

60 

21.49 

6.60 

6.13 

-0.47 

13 

0.5  HNOa 

60 

29.40 

9.03 

8.97 

—  0.06 

14 

0.5  HNOa 

150 

26.77 

8.23 

7.96 

—  0.27 

15 

0.5  HNOa 

150 

46.01 

14.13 

13.87 

—  0.26 

16 

0.5  HNOa 

150 

39.40 

12.11 

11.70 

—  0.41 

17 

0.6  HNOa 

175 

48.62 

14.94 

14.49 

—  0.45 

18 

0.5  HCl 

200 

6.84 

6.78 

-0.06 

19 

0.5  HCl 

200 

6.84 

6.87 

+0.03 

20a 

0 . 5  HCl 

200 

... 

6.84 

6.87 

+  0.03 

21 

1.0  HCl 

200 

.  .  . 

6.84 

6.86 

+0.02 

22 

1.0  HCl 

200 

6.84 

6.80 

—  0.04 

23° 

2.0  HCl 

200 

6.84 

6.85 

+0.01 

24 

5.0  HCl 

200 

6.84 

6.69 

—  0. 15 

25° 

5.0  HCl 

200 

.  .  . 

6.84 

6.66 

—  0.18 

26 

0.15  HCl 
0.15  HNOa 

60 

27.47 

8.44 

8.33 

-0.11 

a  Nos.  20,  23,  and  25  each  contained  6  grams  of  sodium  chloride. 
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was  weighed  out,  dissolved  in  3  ml.  of  alcohol,  and  added  to  the 
solution  by  means  of  a  glass  capillary.  The  liquid  was  boiled 
until  the  precipitate  was  coagulated,  filtered  through  a  7-cm. 
Whatman  No.  42  paper,  and  washed  thoroughly  with  hot  water. 
The  paper  and  precipitate  were  transferred  to  a  porcelain  crucible 
and  charred,  and  the  carbon  was  burned  off.  The  ignition  period 
was  then  extended  for  only  2  minutes.  The  residue  was  reduced 
in  hydrogen,  cooled  in  hydrogen,  and  weighed  as  metallic  ruthe¬ 
nium.  There  was  no  loss  by  decrepitation  or  deflagration  during 
the  ignition.  Results  are  recorded  in  Table  I. 

The  effects  on  the  efficiency  of  the  recovery  of  varying  con¬ 
centrations  of  hydrochloric  acid,  of  the  presence  of  nitric  acid, 
and  of  the  presence  of  sodium  chloride  were  investigated.  The 
results  are  recorded  in  Table  I. 

The  authors  were  not  successful  in  discovering  a  direct  test  for 
ruthenium  in  the  presence  of  thioglycolic  j3-aminonaphthalide; 
however,  the  filtrates  were  examined  four  at  a  time  by  evaporat¬ 
ing  nearly  to  dryness,  treating  with  20  ml.  of  sulfuric  acid,  and 
transferring  to  the  distillation  flask.  Organic  matter  was  then 
destroyed  by  additions  of  nitric  acid ;  sodium  bromate  was  added 
and  the  solution  distilled  into  1  to  1  hydrochloric  acid  solution 
saturated  with  sulfur  dioxide.  The  total  absorbing  solutions 
were  combined  and  evaporated  to  a  volume  of  about  0.2  ml.,  and 
the  thiourea  test  was  applied.  In  all  cases  not  more  than  a  faint 
trace  of  ruthenium  was  found. 

Table  I  shows  that  quantitative  results  are  obtained  when 
the  precipitation  is  carried  out  in  about  0.2  to  0.5  N  hydro¬ 
chloric  acid  solution.  In  alkaline  solution  it  was  found  that 
the  ruthenium-organic  complex  did  not  coagulate  properly  on 
boiling.  Nos.  24  and  25,  Table  I,  indicate  the  effect  of  too 
much  acid. 

The  precipitation  when  carried  out  in  nitric  acid  solution 
yields  consistently  low  results. 

The  presence  of  sodium  chloride  in  small  amounts  does  not 
interfere  with  the  precipitation. 

Absorption  of  Ruthenium  Tetr oxide 

Gilchrist  (2)  recommended  the  absorption  of  ruthenium 
tetroxide  in  1  to  1  hydrochloric  acid  solution  freshly  saturated 
with  sulfur  dioxide.  While  this  reagent  is  undoubtedly  an 
efficient  absorbent  for  ruthenium  tetroxide,  the  subsequent 
determination  requires  evaporation  to  an  acid  sirup,  removal 
of  sulfur  dioxide  by  digestion  with  concentrated  hydrochloric 
acid,  and  final  filtration  to  remove  solids.  This  procedure  is 
lengthy  and  there  is  considerable  difficulty  and  uncertainty 
associated  with  the  complete  removal  of  sulfur  dioxide.  Prac¬ 
tically  all  the  attempts  made  in  this  laboratory  to  determine 
quantitatively  small  amounts  of  ruthenium  in  the  distillate 
by  either  the  hydrolytic  or  the  new  method  recommended  in 
this  report  resulted  in  failure  to  secure  concordant  results. 

Attempts  were  made  to  absorb  ruthenium  tetroxide  in  ice- 
cold  water  and  ice-cold  dilute  hydrochloric  acid  solutions. 
Although  the  volumes  of  the  absorbents  were  increased  con¬ 
siderably,  the  collection  of  the  tetroxide  was  in  no  case  found 
to  be  complete.  With  the  hydrochloric  acid  a  brown  ruthe¬ 
nium  compound  collected  on  the  walls  and  tubes  of  the  re¬ 
ceivers.  A  considerable  loss  of  ruthenium  occurred  on  warm¬ 
ing  both  acid  and  water  absorbents  to  room  temperature. 
These  facts  confirm  the  statements  made  by  Ransohoff  and 
Gutbier  (6)  and  others. 

Krauss  and  Schrader  ( 5 )  prepared  pure  ruthenium  dioxide 
by  distilling  ruthenium  tetroxide  into  a  4  per  cent  solution  of 
hydrogen  peroxide  and  warming  the  distillate  on  a  steam 
bath. 

It  was  decided  to  investigate  the  efficiency  of  hydrogen  per¬ 
oxide  as  an  absorbent  for  ruthenium  tetroxide.  The  apparatus 
used  throughout  this  work  was  a  standard  distillation  equipment 
(sold  by  the  Scientific  Glass  Apparatus  Co.,  Bloomfield,  N.  J.; 
catalog  No.  J1306,  without  condenser). 


Measured  samples  of  the  standard  ammonium  chlororuthenate 
solution  were  transferred  to  the  distillation  flask,  and  diluted  to  a 
volume  of  approximately  200  ml.,  and  10  ml.  of  sulfuric  acid  were 
added.  Then  35  ml.  of  a  3  per  cent  aqueous  solution  of  c.  p. 
hydrogen  peroxide  were  placed  in  the  first  absorption  flask  and 
15  ml.  in  the  second.  The  receivers  were  cooled  by  means  of  an 
ice  bath.  To  the  distillation  flask  25  ml.  of  sodium  bromate  were 
added  and  the  ruthenium  tetroxide  was  removed  by  gentle  boding. 
It  was  observed  that  the  solutions  in  the  first  receiver  became 
greenish-brown,  while  the  solutions  in  the  second  receiver  were 
sometimes  colored  bromine-yellow.  The  third  receiver  contained 
sulfur  dioxide-hydrochloric  acid  to  test  for  the  completeness  of 
absorption.  In  all  cases  this  concentrated  absorbent  was  treated 
with  thiourea  and  ruthenium  found  absent.  Two  hours’  boiling 
was  sufficient  to  remove  the  tetroxide  completely.  This  was 
proved  by  further  distillation  into  1  to  1  hydrochloric  acid  satu¬ 
rated  with  sulfur  dioxide,  concentrating  the  solution,  and  testing 
with  thiourea.  The  total  hydrogen  peroxide  absorbent  was 
washed  into  a  beaker  to  a  volume  of  approximately  150  ml.,  about 
0.6  ml.  of  hydrochloric  acid  was  added,  and  the  solution  was 
boiled  until  evolution  of  gas  ceased.  Thioglycolic  d-amino- 
naphthalide  was  added  as  described  above.  Results  obtained  by 
this  method  are  recorded  in  Table  II. 

The  ruthenium-organic  complex  does  not  coagulate  well  if 
the  hydrogen  peroxide  contains  acetanilide  as  a  stabilizer,  and 
low  results  are  always  obtained. 

The  distillate  must  be  heated  to  boiling  before  the  addition 
of  thioglycolic  /3-aminonaphthalide.  If  this  is  not  done  the 
hydrogen  peroxide  reacts  with  the  precipitant.  The  product  of 
this  reaction  was  isolated,  and  proved  to  be  a  white  material, 
the  melting  range  of  which  was  178°  to  183°.  No  attempt  was 
made  to  purify  this  product. 

The  effects  of  cooling  the  absorbing  solutions  in  a  water 
bath,  of  absorbing  at  room  temperatures,  and  of  distilling 
from  nitric  acid-sodium  bromate  solutions  were  investigated. 
Some  of  the  results  are  recorded  in  Table  II. 

The  important  advantage  offered  by  absorption  with  hy¬ 
drogen  peroxide  as  compared  to  absorption  with  the  sulfur 
dioxide-hydrochloric  acid  reagent  is  that  the  precipitation  of 
the  ruthenium-thionalide  can  be  made  directly  on  the  distil¬ 
late;  no  interfering  substance  is  present,  and  no  evaporation 
is  required. 

During  these  investigations  the  efficiency  of  several  absorb¬ 
ing  media  was  investigated.  The  following  is  a  brief  r4sum4 
of  the  experiments. 

1.  Ruthenium  tetroxide  was  absorbed  in  a  10  per  cent  solu¬ 
tion  of  sodium  hydroxide.  The  absorbing  solution  was  strongly 
acidified  with  hydrochloric  acid,  taken  to  a  small  volume  on  the 
steam  bath,  and  filtered  through  a  5.5-cm.  Munktell  No.  00  paper 
to  remove  any  trace  of  silica.  The  solution  was  then  brought  to 
pH  4.  The  acidity  was  adjusted  to  a  normality  of  0.2  and  thio- 
glycolie  /3-aminonaphthalide  was  added.  In  the  case  of  two 
typical  samples  33.41  and  36.95  mg.  of  salt  were  taken;  the  cor- 


Table  II.  Determination  of  Ruthenium 


Method 

Ruthe¬ 

Ruthe¬ 

Volume  of 

of  Cooling 

nium 

nium  Re¬ 

Absolute 

No. 

Acid  Added 

Absorbent 

Taken 

covered 

Error 

Ml. 

Mg. 

Mg. 

Mg. 

26 

0.6  HC1 

Ice 

10.03 

9.99 

-0.04 

27 

0.6  HC1 

Ice 

10.03 

10.06 

+  0.03 

28 

0.6  HC1 

Ice 

10.03 

10.05 

+0.02 

29 

0.6  HC1 

Ice 

10  03 

9.99 

-0.04 

30 

0.6  HC1 

Ice 

10  03 

10.03 

0.0 

31 

0 . 6  HC1 

Ice 

10.03 

10.12 

+  0.09 

32 

0.6  HC1 

Water 

10.03 

8.93 

-1.10 

33 

0.6  HC1 

Water 

10.03 

9.90 

-0.13 

34 

0.6  HC1 

Water 

10.03 

9.93 

-0.10 

35 

0.6  HC1 

Water 

10.03 

9.74 

-0.29 

36“ 

0.2  HC1 

Ice 

10.03 

9.35 

-0.68 

37 

0.2  HC1 

Ice 

10.03 

9.99 

-0.04 

38 

0 . 6  HNOa 

Ice 

10.03 

9.13 

-0.90 

39 

0.6  HNOa 

Ice 

10.03 

9.76 

-0.27 

40 

0 . 6  HC1 

Air 

10.03 

A  black 

oxide  pre- 

41 

0.6  HC1 

Air 

10  03 

cipitated  out  in 

42 

0.6  HC1 

Air 

10.03 

absorbent 

°  Nob.  36  to  39  were  distilled  from  nitric  acid-sodium  bromate  solution. 
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responding  weights  of  ruthenium  were  10.27  and  11.35  mg.  The 
weights  of  ruthenium  metal  recovered  were  10.18  and  11.41  mg. 

This  method,  however,  proved  to  be  tedious.  , 

2  Ruthenium  tetroxide  was  distilled  into  a  hot  acidified 
solution  of  thioglycolic  /3-aminonaphthalide  The  ruthenium- 
organic  complex  precipitated  immediately,  but  because  of  me¬ 
chanical  difficulties  the  method  is  not  recommended. 

3  An  acidified  10  per  cent  solution  of  potassium  iodide  was 
used  as  an  absorbing  solution.  Too  much  difficulty  was  en¬ 
countered  in  removing  iodine  from  the  ruthenium  trnodide. 


Summary 

Ruthenium  can  be  quantitatively  precipitated  from  a 
0.2  to  0.5  N  hydrochloric  acid  solution  by  means  of  thiogly¬ 
colic  /3-aminonaphthalide. 

A  cold  3  per  cent  solution  of  hydrogen  peroxide  quantita¬ 
tively  absorbs  ruthenium  tetroxide,  and  the  ruthenium  can  be 


recovered  directly  from  this  solution  by  precipitation  with  the 
thioglycolic  /3-aminonaphthalide.  The  hydrogen  peroxide, 
however,  must  be  free  from  acetanilide. . 

An  aqueous  solution  of  sodium  hydroxide  may  be  used  as  an 
absorbent  and  the  ruthenium  recovered  quantitatively,  but 
the  procedure  is  lengthy. 
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Apparatus  for  Semimicrodetermination 
of  Carbon  and  Hydrogen 

CARL  NIEMANN  AND  VANCE  DANFORD 
California  Institute  of  Technology,  Pasadena,  Calif. 


IT  IS  the  purpose  of  this  communication  to  describe,  in  con¬ 
siderable  detail,  the  construction  and  operation  of  an 
apparatus  specifically  designed  for  the  semimicrodetermina- 
tion  of  carbon  and  hydrogen  in  all  types  of  orgamc  compounds. 

Furnace  Assembly 

Combustion -Zone  Furnace.  A  piece  of  0.625-inch  (1.59- 
cm.)  copper  rod,  0.875  inch  (2.22  cm  )  long  was  turned  down  to  a 
diameter  of  0.375  inch  (0.95  cm.)  for  a  distance  of  0.125  inch 
(0.32  cm.)  from  one  end  and  the  cylinder  of  lesser  diameter  was 
threaded.  A  seamless  nickel  tube,  0.531  inch  (1.35  cm.)  in  in¬ 
side  diameter,  0.688  inch  (1.75  cm.)  in  outside  diameter,  and  10.25 
inches  (25.65  cm.)  long  was  drilled  and  tapped  at  its  mid-point, 
the  copper  rod  was  screwed  into  the  opening,  and  the  nickel  tube 
was  reamed  out,  so  as  to  remove  the  portion  of  the  copper  rod  pro¬ 
truding  into  the  interior  of  the  tube.  A  0.438-inch  (Lll-cm.) 
hole  was  drilled  axially  into  the  copper  rod  a  depth  of  0.25  inch 
(0  64  cm.).  From  the  bottom  of  this  hole,  a  0.25-inch  (0.64-cm.) 
hole  was  drilled  to  a  depth  of  0.75  inch  (1.91  cm.),  measured  from 
the  top  face  of  the  rod,  or  to  the  projected  external  circumference 

°^The  tubular  part  of  the  assembly  was  sheathed  with  a  double 
layer  of  mica  and  a  single  layer  of  0.063-inch  (0.1 6-cm.)  asbestos 
cord,  the  latter  being  wound  to  within  0.25  inch  (0.64  cm.)  of  each 
end  of  the  nickel  tube.  (In  this  operation  a  sheet  of  first-grade 
mica,  free  of  flaws,  is  split  along  the  cleavage  plane  until  the 
thickness  of  the  sheet  is  reduced  to  the  point  of  necessary  flexi¬ 
bility.)  Using  the  asbestos  cord  as  a  spacer  the  sheathed  nickel 
tube  was  wound  with  158  inches  (401.32  cm.)  of  No.  28  Chromel 
A  resistance  wire.  In  this  operation  sufficient  wire  was  taken, 
278  inches  (706.12  cm.),  to  leave  48  inches  (121.92  cm.)  unwound 
at  each  end.  In  winding  the  section  of  the  tube  bearing  the  cop¬ 
per  well  it  was  found  convenient  to  place  a  square-sided  U-shaped 
piece  of  wire,  covered  with  porcelain  tubing,  around  the  well 
with  the  open  end  of  the  U  facing  one  end  of  the  nickel  tube. 
The  wire  in  this  region  was  wound  back  and  forth  oyer  the  por¬ 
celain  arms.  When  the  windings  were  in  place  the  U  was  closed 
by  inserting  a  second  U,  with  short  exposed  were  arms,  into  the 
free  ends  of  the  porcelain  tubes  of  the  first  U.  The  assembly  was 
covered  with  a  second  layer  of  0.063-inch  (0.16-cm.)  asbestos  cord 
and  the  48  inches  (121.92  cm.)  of  wire  remaining  at  each  end  were 
wound  in  the  interstices  of  the  second  layer  of  asbestos  cord  lor  a 
distance  of  1.25  inches  (3.18  cm.)  from  each  end.  After  securing 
the  ends  of  the  winding  with  asbestos  cord,  the  wires  were  brought 
to  the  center  of  the  tube  in  a  single  turn  and  anchored  to  each 
other  by  means  of  a  small  double-hole  porcelain  insulator,  r  rom 
here  to  their  point  of  exit  from  the  body  of  the  furnace,  the  wires 


were  insulated  with  short  lengths  of  small-diameter  porcelain 

tUTwo'end  plates,  one  4  X  4  inches  (10.16  X  10  16  cm.),,  the 
other  4X5  inches  (10.16  X  12.7  cm.),  were  cut  from  0.5-mch 
(1.27-cm.)  Transite  board  and  in  the  center  of  the  square  plate  a 
0.531-inch  (1.35-cm.)  hole  was  drilled.  This  hole  was  counter¬ 
sunk  so  as  to  produce  a  shoulder  0.281  inch  (0.71  cm.)  deep  and  a 
diameter  equal  to  that  of  the  nickel  tube  and  all  its  windings. 
Four  0  219-inch  (0.56  cm.)  holes  were  drilled  at  a  point  on  the 
diagonals  0.5  inch  (1.27  cm.)  in  from  the  corners  of  the  square  and 
were  countersunk  on  both  sides  to  a  depth  of  0.125  inch  (0.3 
cm  )  and  a  diameter  sufficient  to  accommodate  a  standard  0.188- 
inch  (0.48-cm.)  brass  hexagonal  nut.  A  circular  groove  3.5  inches 
(8.89  cm.)  in  diameter,  0.063  inch  (0.16  cm  )  wide,  and  0  25  inch 
(0.64  cm.)  deep  was  cut  on  the  side  of  the  plate  bearing  the  coun¬ 
tersunk  portion  of  the  central  orifice.  The  rectangular  plate  was 
divided  into  a  4  X  4  inch  (10.16  X  10.16  cm.)  square  and  a  1  X  4 
inch  (2.54  X  10.16  cm.)  rectangle  and  the  square  portion  was  ma¬ 
chined  exactly  as  described  for  the  square  plate.  Two  metal 
binding  posts  were  centrally  located  on  the  inside  face  of  the  I  X 
4  inch  (2.54  X  10.16  cm.)  rectangle  and  by  means  of  0.063-inch 
(0  16-cm.)  holes,  drilled  in  the  end  plate,  the  leads  of  Chromel 
wire  were  brought  out  of  the  interior  of  the  furnace  and  secured 
to  the  binding  posts.  A  cylinder  3.5  inches  (8.89  cm.)  in  diame¬ 
ter  and  10.25  inches  (26.04  cm.)  long,  with  a°. 438-inch(L  1 1-cm.) 
hole  at  the  mid-point,  was  formed  from  a  sheet  of  26-gage  stain¬ 
less  steel  and  the  lap  joints  were  secured  by  rivets. 

With  the  aid  of  four  0.188-inch  (0.48-cm.)  brass  tie  rods,  10.75 
inches  (27.31  cm.)  long  and  with  10-32  threads  on  both  ends,  the 
furnace  was  assembled  and  the  space  between  the  nickel  tube  and 
the  stainless  steel  tube  was  filled  with  asbestos  pulp.  During  this 
operation  access  to  the  copper  thermocouple  well  was  seared  by 
inserting  a  glass  tube  through  the  0.438-inch  (1.11-cm.)  hole  in 
the  steel  jacket  and  in  the  0.438-inch  (1.11-cm.)  hole  of  the  copper 
well  The  glass  tube  was  cut  off  flush  with  the  exterior  surface 
of  the  jacket  and  was  kept  in  place  in  the  copper  well,  with  an  as¬ 
bestos  gasket.  In  the  assembly  four  legs  constructed  from  a 
0  125  X  1  inch  (0.32  X  2.54  cm.)  hot-rolled  iron  bar  were  at¬ 
tached  to  the  inside  of  the  end  plates  with  nuts  held  on  brass  tie 
rods.  These  legs  were  7  inches  (17.78  cm.)  high,  werebent 
right  angles  to  form  a  foot  1.5  inches  (3.81  cm.)  long  and,  at  the 
top,  were  cut  away  so  as  not  to  interfere  with  the  steel  Jacket. 
Each  foot  was  drilled  and  tapped  in  its  central  portion  for  a  b -32 

^Lead  Peroxide-Zone  Furnace.  A  shoulder  0.25  inch  (0.64 
cm.)  wide  and  0.375  inch  (0.95  cm.)  deep  was  cut  on  each  end  of  a 
2-inch  (5.08-cm.)  copper  rod  3.5  inches  (8.89  cm.)  long.  After 
drilling  a  0.688-inch  (1.75-cm.)  hole  axially  through  the  cylinder, 
a  second  hole,  0.375  inch  (0.95  cm.)  in  diameter,  was  drilled  ra- 
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dially,  at  the  mid-point  of  the  cylinder,  until  the  axial  hole  was 
intercepted.  Both  holes  were  reamed  out  for  press  fits;  into 
the  axial  hole  was  pressed  a  nickel  tube  0.531  inch  (1.35  cm.) 
in  inside  diameter,  0.688  inch  (1.75  cm.)  in  outside  diameter,  and 
3.5  inches  (8.89  cm.)  long,  and  into  the  radial  hole  a  copper  tube 
0.25  inch  (0.64  cm.)  in  inside  diameter,  0.375  inch  (0.95  cm.)  in 
outside  diameter  and  1.625  inches  (4.13  cm.)  long.  The  largest 
cylindrical  surface  was  sheathed  with  a  double  layer  of  mica  and 
wound  with  a  single  layer  of  0.063-inch  (0.16-cm.)  asbestos  cord, 
the  latter  extending  to  within  0.25  inch  (0.64  cm.)  of  the  ends  of 
the  cylinder.  Then  271  inches  (688.34  cm.)  of  No.  30  Chromel  A 
wire  were  wound  on  the  sheathed  cylindrical  surface,  using  the 
asbestos  cord  as  a  spacer.  As  in  the  construction  of  the  combus¬ 
tion-zone  furnace  sufficient  wire,  72  inches  (182.88  cm.),  was  left 
free,  at  each  end,  for  a  subsequent  end-zone  winding.  After  the 
first  winding  was  in  place  the  assembly  was  covered  with  a  second 
layer  of  0.063-inch  (0.16-cm.)  asbestos  cord  and  the  72  inches 
(182.88  cm.)  of  wire  remaining  at  each  end  were  wound  on  the 
cylinder  for  a  distance  of  1  inch  (2.54  cm.)  in  from  each  end.  The 
windings  were  secured,  and  the  leads  anchored  to  each  other  and 
insulated  as  described  above. 

Two  end  plates,  one  4X4  inches  (10.16  X  10.16  cm  ),  the  other 
4X5  inches  (10.16  X  12.7  cm.),  were  cut  from  0.5-inch  (1.27-cm.) 
Transite  board  and  machined  as  described  for  the  end  plates  of 
the  combustion-zone  furnace,  with  the  exception  that  the  central 
orifice  was  1.25  inches  (3.18  cm.)  in  diameter  and  the  shoulder, 
0.281  inch  (0.71  cm.)  deep,  was  of  sufficient  diameter  to  allow  free 
access  of  the  completely  wound  copper  block.  A  0.375-inch 
(0.95-cm.)  hole  was  drilled  in  the  center  of  a  piece  of  26-gage  stain¬ 
less  steel  sheet,  3  inches  (7.62  cm.)  wide  and  1 1 .625  inches  (29.53 
cm.)  long,  and  from  each  corner  a  piece  of  metal  0.438  X  0.875 
inch  (1.11  X  2.22  cm.)  was  removed.  The  sheet  was  formed  into 
a  cylinder  and  the  0.625-inch  (1.59-cm.)  lap  joint  secured  by 
rivets.  Two  legs,  made  from  0.125  X  1  inch  (0  32  X  2.54  cm.) 
hot-rolled  iron  bar,  were  fastened  to  the  inside  of  the  end  plates 
with  8-32  bolts  (see  Figure  1).  In  order  to  facilitate  the  align¬ 
ment  of  the  lead  peroxide-zone  furnace  with  the  combustion- 
zone  furnace,  the  legs  were  made  in  two  sections  and  joined  with 
0.25-inch  (0.64-cm.)  cap  screws,  1  inch  (2.54  cm.)  apart,  in  0.375- 
inch  (0.95-cm.)  holes.  The  foot  of  each  legwas  drilled  and  tapped  in 
its  central  portion  for  an  8-32  thread.  The  furnace  was  assembled 
with  the  aid  of  0.188-inch  (0.48-cm.)  brass  tie  rods  and  the  space 
between  the  block  and  the  jacket  was  filled  with  asbestos  pulp. 

Auxiliary  Heater  for  Constricted  End  of  Combustion 
Tube.  Two  coils,  0.125  inch  (0.32  cm.)  in  diameter  and  0.25  inch 
(0.64  cm.)  long,  each  containing  6  turns  of  No.  30  Chro¬ 
mel  A  wire,  were  finked 
with  a  6-inch  (15.24-cm.) 
length  of  No.  22  insulated 
multistrand  copper  wire  and 
the  ends  of  the  coils  were 
connected,  in  series,  to  a 
No.  22  two-wire  flexible 
cord.  The  Chromel-copper 
connections  were  made  with 
silver  solder. 

Furnace  Assembly.  The 
two  furnaces  were  mounted 
on  a  wood  base,  11.5  X  32 
inches  (29.21  X  81.28  cm.), 
topped  with  0.25-inch  (0.64- 
cm.)  Transite  board.  All 
holes  bearing  bolts  or  nuts 
were  countersunk,  so  as  to 
leave  the  undersurface  of  the 
base  free  of  protuberances. 

In  mounting  the  lead  per¬ 
oxide-zone  furnace,  0.375- 
inch  (0.95-cm.)  bolts  in 
0.438-inch  (1.11-cm.)  holes 
facilitated  final  alignment. 

The  exact  disposition  of  the 
furnaces  on  the  base  is  not 
critical  and  sufficient  infor¬ 
mation  about  this  point  can 
be  obtained  from  Figure  1. 

A  Transite  switchboard, 

0.25  X  5  X  9.5  inches  (0.64 
X  12.7  X  24.13  cm.),  was 
fastened  to  the  base,  between 
the  legs  of  the  combustion- 
zone  furnace,  with  two  70° 
angle  irons.  A  Jefferson  8- 
volt  bell  transformer;  a 
0-50  ohm,  25-watt,  model 
H,  Ohmite  rheostat;  a 


0-35  ohm,  50-watt,  model  J,  Ohmite  rheostat;  an  80-ohm  fixed 
resistance,  made  by  winding  148  inches  (375.92  cm.)  of  No.  30 
Chromel  A  wire  on  a  0.125-inch  (0.32-cm.)  porcelain  tube; 
3  toggle  switches;  2  nonmetallic  binding  posts;  and  2  single 
banana  jacks  were  mounted  on  the  switchboard  and  the  appara¬ 
tus  was  wired  as  indicated  in  Figure  2.  All  connections  were 
made  with  No.  14  insulated  multistrand  copper  wire.  The 
thermocouple  for  the  combustion-zone  furnace  was  made  from 
No.  22  Chromel  P  and  Alumel  wire.  For  a  distance  of  2  inches 
(5.08  cm.)  from  the  silver-soldered  ball  tip  of  the  hot  junction  the 
wires  were  insulated  with  pieces  of  two-hole  porcelain  tubing  and 
from  this  point  to  the  point  of  attachment,  with  silver  solder,  to 
the  jacks  on  the  switchboard,  the  wires  were  covered  with  spa¬ 
ghetti  insulation.  It  is  important  that  the  jacks  be  mounted 
close  together,  to  minimize  any  difference  in  the  temperature  of 
the  cold  junctions.  The  leads  were  long  enough  so  that  the  ther¬ 
mocouple  could  be  placed  in  the  well  of  the  lead  peroxide-zone 
furnace,  thereby  permitting  comparison  between  the  thermo¬ 
couple  and  the  mercury-in-glass  thermometer,  normally  used  with 
this  furnace.  A  recalibrated  Weston  No.  801  microammeter,  80- 
ohm  internal  resistance,  was  used  with  the  thermocouple,  and 
as  only  one  meter  is  needed  for  a  number  of  furnaces  the  instru¬ 
ment  was  mounted  as  an  individual  unit.  The  leads  from  the 
meter  were  fastened  to  two  banana  plugs  which  fitted  the  jacks 
mounted  on  the  switchboard.  It  is  advisable  to  have  the  plugs 
and  jacks  of  different  colors,  so  as  to  avoid  damage  to  the  meter. 

An  indication  of  the  thermal  characteristics  of  the  furnace 
assembly  is  given  in  Figure  3. 

The  data  presented  in  this  plot  were  obtained  by  placing  a  com¬ 
bustion  tube,  bearing  a  glass  thermocouple  well,  in  the  furnace 
and  determining  the  temperature  at  the  various  points  with  a 
Chromel  P-Alumel  thermocouple.  The  thermocouple  well  ex¬ 
tended  throughout  the  entire  length  of  the  combustion  tube  and 
the  space  between  the  well  and  the  walls  of  the  tube  was  filled  with 
sand.  During  the  tests  the  lead  peroxide-zone  furnace  was 
maintained  at  200°  C.  (temperature  in  thermometer  well)  and 
the  combustion-zone  furnace  at  600°  C.  (temperature  in  thermo¬ 
couple  well) .  The  temperature  of  the  lead  peroxide-zone  is  con¬ 
stant  throughout  its  entire  length,  and  in  passing  from  the  lead 
peroxide-zone  furnace  to  the  combustion-zone  furnace  a  400° 
temperature  gradient  is  established  within  a  distance  of  9  cm. 
Furthermore,  the  temperature  of  the  main  combustion  zone — 
i.  e.,  the  copper  oxide  zone — is  at  no  place  less  than  500°  and  for 
more  than  50  per  cent  of  its  length  is  approximately  600°  C. 


Figure  1.  Furnace  Assembly 
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The  authors  have  constructed  five  furnaces  according  to 
the  foregoing  specifications,  and  each  possesses  characteristics 
similar  to  those  given  above.  All  the  furnaces  have  been  in 
use  for  months  and  in  no  case  has  it  been  necessary  to  devote 
any  time  to  their  maintenance.  Their  operation  is  simple 
and  no  difficulty  has  been  experienced  in  maintaining  either 
the  lead  peroxide  zone  or  the  combustion  zone  at  the  proper 
working  temperature. 

Combustion  Train 

Because  of  its  great  simplicity  and  positive  action,  the  au¬ 
thors  have  employed  the  traditional  Pregl  combustion  train 
(S,  4)  with  appropriate  modification  to  the  semimicro  scale. 

Oxygen,  obtained  directly  from  a  cylinder  through  a  needle 
valve,  was  passed  successively  through  a  single  Pregl  pressure 
regulator  (3,  4),  a  drying  tube,  a  U-tube,  and  bubble  counter,  and 
into  the  combustion  tube.  The  effluent  gases  traversed  the  two 
absorption  tubes  and  a  protective  terminal  drying  tube,  and  were 
drawn  into  a  2-liter  Mariotte  flask,  displacing  an  equal  volume  of 
water  into  a  250-ml.  graduate.  Preliminary  purification  of  the 
oxygen,  by  combustion,  was  found  to  be  un¬ 


combustion  tube  2  cm.  in  from 
the  unconstricted  end. 

The  body  of  the  tube  was 
made  of  Pyrex  No.  172  glass 
and  the  capillaries  were  made 
of  standard  Pyrex  glass. 
The  absorption  tubes  were 
those  recently  described  by 
Prater  (2).  Anhydrone  and 
Ascaritewere  used  for  absorb¬ 
ing  the  water  and  carbon  di¬ 
oxide  formed  during  a  com¬ 
bustion.  The  terminal  drying 
tube,  charged  with  Anhy¬ 
drone,  was  similar  to  Sargent 
No.  S-49645  except  that  the 
outside  diameter  was  12  mm. 
and  the  length  10  cm.  The 
Mariotte  flask  assembly  was 
identical  with  that  described 
by  Pregl  (S,  4)  and  the  remain¬ 
ing  items  were  standard  pieces 
of  apparatus.  All  connections 
were  made  with  pure  gum 
tubing,  or  stoppers,  treated 
as  directed  by  Pregl  ( 8 , 4)- 
Combustion  Train  As¬ 
sembly.  In  keeping  with  the 
aim  towards  a  compact  and 
portable  apparatus,  the  en¬ 
tire  combustion  train  was 
mounted  on  the  base  bear¬ 
ing  the  furnaces.  Oxygen 
was  conveyed  to  the  pressure  regulator  through  a  0.125-inch 
(0.32-cm.)  brass  pipe  bearing  hose  connectors  at  both  ends. 
Union  of  the  horizontal  section,  33  cm.,  with  the  vertical  section, 
25  cm.,  of  pipe  was  made  through  a  0.125-inch  (0.32-cm.)  tee. 
The  assembly  was  fastened  to  the  base  by  screwing  one  end  of  a 
threaded  brass  rod  into  the  bottom  of  the  tee  and  bolting  the  other 
end  to  the  base.  Near  the  inlet  end  a  6-32  bolt  was  soldered  to 
the  pipe  and  the  shank  of  the  bolt  secured  to  the  base  by  nuts 
above  and  below  the  Transite  top.  A  receptacle  for  the  pressure 
regulator  was  made  by  bolting  to  the  base  a  piece  of  wood,  10  cm. 
square  and  1.5  cm.  thick,  bearing  a  hole  of  sufficient  diameter  to 
accommodate  the  foot  of  the  cylinder.  Two  0.313-inch  (0.79- 
cm.)  rods,  50  cm.  high,  were  attached  near  each  end  of  the  base 
and  horizontal  sections  of  0.313-inch  (0.79-cm.)  rod  were  fastened 
to  the  uprights.  Holders  for  the  various  parts  of  the  train  were 
formed  from  No.  16  Chromel  wire  and  were  suspended  from  the 
horizontal  rods.  The  holder  for  the  Mariotte  flask  was  made 
from  a  standard  6-inch  (15.24-cm.)  ring  stand  by  replacing  the 
standard  legs  with  ones  36  cm.  long  and  threaded  at  both  ends. 
The  legs  were  bolted  to  the  base  and  three  brass  spring  clips,  1  cm. 
wide,  were  bolted  to  the  ring.  The  exact  disposition  of  the  sup¬ 
ports  is  not  critical  and  sufficient  information  about  this  point 
can  be  obtained  from  Figure  1. 


necessary. 

Specifications  of  Units  in  Combustion 
Train.  The  pressure  regulator,  which  was 
similar  in  design  to  that  described  by  Pregl 
(S,  4),  was  made  from  Pyrex  tubing  24  and 
7  mm.  in  outside  diameter.  The  larger  tube 
was  22  cm.  long  and  the  smaller  tube,  centered 
on  the  axis  of  the  larger  tube,  extended  5  mm. 
beyond  the  open  end  of  the  larger  tube.  This 
unit,  was  supported  in  a  hydrometer  cylinder, 
35  mm.  in  outside  diameter  and  24  cm.  high, 
by  means  of  a  rubber  ring,  from  which  a 
segment  had  been  removed  to  permit  the  escape 
of  gas.  The  drying  tube  immediately  follow¬ 
ing  the  pressure  regulator  was  a  straight  10-cm. 
single-bulb  tube  and  was  charged  with  anhy¬ 
drous  magnesium  perchlorate  (Anhydrone). 
The  Niederl  improved  model  ( 1 )  of  U-tube 
and  bubble  counter  was  used  (Sargent  No. 
S-49595) .  The  U-tube  w  as  charged  with  Anhy¬ 
drone  and  Ascarite  and  the  bubble  counter  with 
concentrated  sulfuric  acid.  The  combustion 
tube,  similar  in  design  to  Pyrex  No.  8680,  was  9 
mm.  in  inside  diameter,  12  mm.  in  outside 
diameter,  and  57  cm.  long  with  a  constricted 
end  1  mm.  in  inside  diameter,  3  mm.  in  outside 
diameter,  and  2  cm.  long.  A  straight  side 
arm,  1.5  mm.  in  inside  diameter,  5  mm.  in  out¬ 
side  diameter  and  6  cm.  long,  was  sealed  to  the 


Figure  3.  Thermal  Characteristics  of  Furnace  Assembly 
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Combustion  Tube  Filling.  The  filling  that  has  been  found 
most  generally  applicable  to  all  types  of  compounds  is  as  follows : 

Starting  at  the  constricted  end  of  the  combustion  tube  are 
placed,  in  the  order  named,  2  cm.  of  silver  wool,  5  mm.  of  as¬ 
bestos,  3  cm.  of  granulated  lead  peroxide,  5  mm.  of  asbestos,  2  cm. 
of  silver  wool,  1  cm.  of  asbestos,  3  cm.  of  20  per  cent  platinized 
asbestos,  21  cm.  of  wire-form  cupric  oxide,  and  4  cm.  of  20  per  cent 
platinized  asbestos.  The  1-cm.  zone  of  asbestos  functions  as  a 
choking  plug  and  during  its  insertion  into  the  tube  it  is  packed 
tight  enough  to  permit  the  passage  of  15  ml.  of  gas  per  minute, 
under  a  pressure  of  6  cm.  of  water,  when  the  tube  is  heated  to  the 
proper  temperature. 

When  the  rest  of  the  filling  is  introduced,  the  rate  at  which  the 
gas  passes  over  the  filling  will  be  diminished  and  care  should  be 
taken  that  the  final  rate  is  8  to  10  ml.  per  minute  under  a  pressure 
of  8  to  10  cm.  of  water.  (In  order  to  achieve  this  rate  the  two 
platinized  asbestos  plugs  are  introduced  with  the  minimum 
amount  of  compression  and  the  copper  oxide  wire  is  merely  al¬ 
lowed  to  slide  down  the  side  of  the  combustion  tube,  held  at  an 
angle  of  45°,  until  the  proper  amount  has  been  added.  A  more 
uniform  displacement  is  then  secured  by  rotating  the  tube  in  a 
horizontal  position.)  The  reagents  used  in  the  filling  were  of 
the  highest  purity  and  conformed  to  the  specifications  given  by 
Pregl  ( 3 ,  4)  and  Niederl  ( 1 ). 

Auxiliary  Equipment 

With  many  compounds  the  traditional  method  of  ignition, 
by  heating  with  gas,  as  described  by  Pregl  ( 3 ,  4),  is  satisfac¬ 
tory.  However,  where  the  rate  of  ignition  must  be  carefully 
controlled  electrical  heating  is  desirable.  As  close  observa¬ 
tion  of  the  sample  during  ignition  is  essential,  an  open-coil  re¬ 
sistance  heater  was  used. 

Electrical  Ignition  Equipment.  Thirteen  turns  of  No.  18 
Chromel  A  wire,  closely  wound  on  a  0.5-inch  (1.27-cm.)  mandril, 
were  stretched  to  a  length  of  1.25  inches  (3.18  cm.).  The  ends  of 
the  wires  were  attached  to  prongs,  taken  from  a  miniature  type 
heating  appliance  plug,  and  the  prongs  were  mounted,  0.5  inch 
(1.27  cm.)  apart,  in  a  Transite  block  0.5  X  0.75  X  1  inch  (1.27  X 
1.91  X  2.54  cm.).  The  terminal  heads  were  countersunk,  the 
Chromel  leads  placed  in  grooves  in  the  end  of  the  block,  and  the 
cuts  and  holes  filled  with  powdered  Alundum-plaster  of  Paris 
(1  to  3)  cement.  The  resistance  of  the  coil  at  25°  was  0.9  ohm. 
Current  was  supplied  to  the  heating  coil  through  a  Variac  trans¬ 
former  (Model  80-A,  20  amperes).  The  transformer,  a  0-  to  10- 
volt  alternating  current  voltmeter,  a  20-ampere  fuse,  a  toggle 
switch,  and  a  6-watt  indicator  light  were  mounted  in  a  case, 
made  from  0.125-inch  (0.32-cm.)  Presswood  (Masonite),  and  con¬ 
nected  as  indicated  in  Figure  2.  Connections  between  the  control 
unit  and  the  heating  element  were  made  with  standard  appliances 
and  cord. 

With  an  open-coil  heating  element,  resistance  0.9  ohm,  it 
was  found  that  above  350  °  C.  the  temperature,  inside  the  com¬ 
bustion  tube  with  coil  centered  over  thermocouple,  was  pro¬ 
portional  to  the  potential  across  the  coil.  A  similar  situation 
was  encountered  when  the  coil  was  covered  with  a  loose- 
fitting  asbestos-coated  iron  shield.  The  relation  between  the 
temperature,  in  degrees  centigrade  inside  the  combustion 
tube  at  the  mid-point  of  the  coil,  and  the  potential,  in  volts, 
across  the  coil  is: 

T°  =  A{E  -  B)  +  350°  (1) 

For  the  open  coil,  A  =  48  and  B  =  6.5;  for  the  shielded 
coil,  A  =  70  and  B  —  5.  It  is  obvious  that  A  and  B  will  vary 
with  the  resistance  of  the  heating  element,  but  for  any  one 
element  when  these  two  constants  are  known  the  temperature 
inside  the  combustion  tube,  at  the  mid-point  of  the  coil,  can 
be  ascertained  by  reading  the  voltmeter.  The  above  relation 
is  true  only  when  the  coil  is  at  least  5  cm.  from  the  near  end  of 
the  combustion-zone  furnace.  For  ignition  temperatures  be¬ 
low  350°  better  control  is  assured  by  displacing  the  coil  than 
by  diminishing  the  potential  across  the  heating  element. 
When  the  center  of  the  coil  is  displaced  from  1  to  4  cm.  from 
the  center  of  the  boat,  the  temperature,  at  the  center  of  the 
boat,  is  a  linear  function  of  the  distance  from  the  center  of  the 
coil  to  the  center  of  the  boat.  This  relation  is : 


T°  =  ^74°  4  T°]  (X  -  i)  -  ( T°  -  30)  (2) 

where  T°  is  the  temperature  at  the  center  of  the  boat  when  the 
coil  is  centered  over  the  boat  and  T°  is  the  temperature  at  the 
center  of  the  boat  when  the  coil  is  displaced  x  cm.  from  the 
center  of  the  boat.  T°  is  not  determined  directly  but  is  ob¬ 
tained  from  Equation  1. 

Operation  of  Apparatus 

For  the  great  majority  of  compounds  satisfactory  analyses 
can  be  obtained,  with  the  above  combustion  tube  filling,  when 
the  lead  peroxide-zone  furnace  is  maintained  at  200°  and  the 
combustion-zone  furnace  at  600°.  However,  with  com¬ 
pounds  containing  sulfur  it  is  recommended  that  the  tempera¬ 
ture  of  the  combustion-zone  furnace  be  increased  to  650°  to 
675°  C.  In  the  course  of  approximately  five  hundred  analy¬ 
ses  it  has  been  found  that  15-  to  30-mg.  samples  are  adequate 
and  that  the  requisite  accuracy  can  be  obtained  when  the 
samples  and  the  absorption  tubes  are  weighed  on  a  standard 
semimicrobalance.  The  authors  have  used  the  Christian 
Becker  No.  1365. 


Table  I.  Typical  Analyses 


Analyst 

Compound 

Carbon 
Calcd.  Found 

Hydrogen 
Calcd.  Found 

K.  J. 

Cholesterol 

83.85 

83.76 

83.82 

12.05 

12.02 

12.07 

C.  W. 

Cholesterol 

83.58 

83.61 

12.01 

11.82 

R.  C. 

Adipic  acid 

49.31 

49.16 

6.89 

6.74 

W.  M. 

Benzamide 

69.37 

69.25 

5.82 

5.50 

C.  G. 

Trimethyl  cyclopropyl  am¬ 
monium  iodide 

31.71 

31.66 

31.60 

6.22 

6.25 

6.32 

K.  J. 

Difluorotyrosine 

49.75 

49.88 

49.94 

4.18 

4.15 

4.12 

C.  E.  R. 

Cystine  diliturate 

28.44 

28.65 

3.12 

3.07 

C.  E.  R. 

Methionine  diliturate  hemi- 
hydrate 

32.57 

32.61 

4.43 

4.53 

C.  G. 

2-Hydroxypropyl  thiazole 
picrate 

40.41 

40.60 

3.65 

3.69 

M.  S. 

Thiamine  bromide  hydro- 
bromide  hemihydrate 

33.09 

33.13 

33.15 

4.51 

4.50 

4.47 

Details  of  Analysis.  In  conducting  an  analysis  the  sample, 
contained  in  a  6  X  6  X  24  mm.  platinum  boat,  is  placed  approxi¬ 
mately  5  cm.  from  the  near  end  of  the  combustion-zone  furnace 
and  a  glass  baffle,  7  mm.  in  diameter  and  2  cm.  long,  is  placed  3 
cm.  to  the  rear  of  the  boat.  The  usual  precautions  are  observed 
during  the  ignition  of  the  sample  {1,3,  4)  and  in  general  not  more 
than  200  ml.  of  effluent  gas  are  collected  in  a  single  combustion. 
From  time  to  time  as  drops  of  water  form  in  the  constricted  end 
of  the  combustion  tube  and  the  inlet  arm  of  the  first  absorption 
tube  the  auxiliary  heater,  whose  coils  encircle  the  above  two  cap¬ 
illaries,  is  turned  on  until  the  water  is  driven  into  the  absorption 
tube.  The  auxiliary  heater  is  used  only  intermittently.  The 
absorption  tubes  are  weighed  filled  with  oxygen  and  can  be  used 
for  twenty  analyses  before  it  is  necessary  to  recharge  them.  The 
customary  precautions  cited  by  Pregl  (3,  4)  have  been  followed 
in  handling  the  absorption  tubes  and  in  weighing  out  the  samples. 

Results.  In  Table  I  are  compiled  the  results  of  some 
typical  analyses  which  were  performed  by  students  who  had 
had  less  than  60  hours’  experience  with  the  quantitative  de¬ 
termination  of  carbon  and  hydrogen  in  organic  compounds. 
The  table  includes  substances  which,  because  of  their  compo¬ 
sition,  offer  a  suitable  test  of  the  apparatus  and  the  method. 
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New  Chemical  Engineering  Building  at  the 
University  of  North  Dakota 

IRVIN  LAVINE  AND  A.  M.  COOLEY,  JR.,  University  of  North  Dakota,  Grand  Forks,  N.  D. 


THE  new  chemical  engineering  building  at  the  University 
of  North  Dakota  was  planned,  designed,  and  constructed 
to  serve  solely  as  the  unit  operations  laboratory  for  instruc¬ 
tion  as  well  as  research  purposes.  Limitation  of  funds  made 
it  necessary  that  every  square  foot  of  available  floor  space  be 
utilized  to  maximum  advantage. 

Besides  the  laboratory  space  for  permanent  unit  operations 
equipment,  a  machine  shop,  stockroom,  washroom,  and 
storage  vault  are  provided.  One  of  the  balconies  is  used  for 
a  small  chemical  control  laboratory  and  a  lecture  and  dis¬ 
cussion  room.  Office  space  and  other  service  rooms  were 
eliminated  because  the  building  is  located  next  totthe  School 
of  Mines  building  which  houses  the  rest  of  the  department. 
The  need  for  separate  research  rooms  in  the  new  building  was 
not  pressing  because  two  small  buildings,  one  of  wood  and 
the  other  of  metal  construction,  were  made  available  for  work 
on  steam  drying  of  lignite  in  cooperation  with  the  U.  S.  Bureau 


of  Mines  and  for  studying  methods  of  producing  activated 
carbon  from  lignite.  These  laboratories  are  very  adaptable 
for  setting  up  small  pilot  plants.  The  new  building  has  been 
in  use  for  the  past  year  and  has  fulfilled  all  expectations. 

When  the  department  of  chemical  engineering  was  or¬ 
ganized  in  1927,  office  space  for  faculty,  a  physical  chemistry 
laboratory,  analytical  chemistry  laboratory,  fuel  testing  and 
fuel  research  laboratory,  stockroom,  library,  and  classrooms 
were  located  in  the  School  of  Mines  building  In  1936, 
when  labor  and  some  materials  became  available  through  the 
WPA,  a  decision  was  reached  to  construct  a  laboratory  build- 
ing  and  to  design  and  construct  needed  equipment.  The 
plans  and  specifications  were  prepared  by  the  writers.  The 
work  of  constructing  equipment  is  being  continued. 

The  structure  is  of  concrete  and  brick  with  a  gable  roo  . 
It  was  built  in  two  separate  sections  because  federal  funds 
for  the  entire  structure  were  not  available  at  the  beginning. 

The  east  section  was  completed  in 
1937  and  the  west  section  in  1939. 
The  adjoining  wall  was  left  intact, 
thereby  increasing  the  available 
wall  space  for  mounting  equip¬ 
ment.  Two  entrances,  one  at 
ground  floor  level  and  the  other  at 
balcony  level,  provide  access  be¬ 
tween  the  two  sections.  Two 
windows  in  the  adjoining  wall  were 
removed  and  the  openings  were 
left  intact  to  help  air  circulation 
through  the  building.  Ample 
natural  light  is  provided  by  15 
double-hung  windows.  The  four 
roof  trusses  are  of  wood  construc¬ 
tion  and  standard  design.  The 
direction  of  the  two  trusses  in  the 
west  section  was  changed  from  east- 
west  to  north-south  to  permit  a 
T-connected  roof  rather  than  a 
parallel  two-gable  roof. 


567 


Pilot  Plant  fob  Steam 
Drying  of  Lignite,  Housed 
in  Separate  Building 
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Floob  Plan 


1.  Bubble  cap  distillation  column 

2.  Packed  distillation  column 

3.  Jacketed  glass-lined  kettle 

4.  Long-tube  single-effect  evaporator 

5.  Experimental  single  long-tube  evaporator 

6.  Triple-effect  evaporator 

7.  Rotary  ore  reduction  kiln 

8.  Submerged  combustion  evaporator 

9.  Carrier  humidity  dryer 

10.  Steam-heated  tray  dryer 

11.  Concentric  pipe  heat  interchanger 

12.  Thickener 

13.  Rotary  vacuum  filter  assembly 

14.  Plate  and  frame  filter  assembly 

15.  Crane  water  softener 


16.  Fluid  flow  apparatus 

17.  Toilet 

18.  Shower 

19.  Wash  basin 

20.  Chemical  laboratory  desk 

21.  Analytical  balance  cabinet 

22.  Reagent  rack 

23.  Lathe 

24.  Milling  machine 

25.  Bench  grinder  and  drill  press 

26.  Work  bench 

27.  Catwalk 

28.  Grid-covered  trough  drain 

29.  Central  drain 

30.  Catwalk  for  triple  effect 


31.  Feed  tank  for  triple  effect 

32.  Feed  tank  for  heat  interchanger 

33.  Motor  and  pump  for  heat  interchanger 

34.  Motor  and  pump  for  filtration  assembly 

35.  Door  to  wash  room 

36.  Centrifuge 

37.  Door  to  stock  supply  room 

38.  Catwalk  joining  baloonies 

39.  Doorway  to  machine  shop 

40.  Vacuum  tray  dryer 

41.  Air  compressor  for  oarrier  dryer 

42.  Door  to  storeroom 

43.  Classroom  table  and  benches 

44.  Chimney 


The  over-all  dimensions  of  the  building,  including  the  front 
entrance,  are  70  X  42  feet  and  it  is  equivalent  in  height  to  a 
two-story  structure.  The  building  is  recessed  8  feet  2  inches 
below  ground  level.  The  concrete  foundation  walls,  about 
13  inches  thick,  were  poured  to  a  height  of  10  feet  above  the 
footings  and  extended  to  the  top  with  two  courses  of  common 
brick  and  a  course  of  face  brick.  A  portico  front  entrance  was 
designed  to  break  the  monotony  of  the  rectangular  arrange¬ 
ment  of  the  building.  An  enclosed  service  entrance  at  the 
back  is  provided  with  a  stairway  leading  to  the  basement 
floor.  Another  entrance  on  the  north  side  opens  to  a  balcony 
in  the  east  section. 

The  building  provides  3354  square  feet  of  floor  area  con¬ 
sisting  of  1560  square  feet  for  the  permanent  unit  operations 
equipment  (open  area),  346  square  feet  for  machine  shop, 
169  square  feet  for  washroom,  282  square  feet  for  stockroom, 
169  square  feet  for  storage,  and  828  square  feet  of  balcony 
area.  Catwalks,  constructed  in  the  shop  of  the  department, 
extend  from  the  balconies  around  the  walls. 

Headroom  and  floor  space  were  the  two  most  important 
factors  considered.  The  major  part  of  the  structure  was  left, 
therefore,  as  open  area  for  the  location  of  the  permanent  unit 


operations  equipment.  To  provide  for  needed  enclosed  area, 
each  section  was  partitioned  to  a  height  of  10  feet  9  inches  by 
an  8-inch  concrete  wall  to  form  a  room  12  X  30  feet  in  the 
east  section  and  a  room  12  X  40  feet  in  the  west  section. 
Flooring  over  each  room  formed  the  two  balconies,  joined  by 
a  catwalk.  The  balcony  in  the  east  section  runs  east-west  and 
the  one  in  the  west  section,  north-south. 

The  open  areas  of  each  section  are  provided  with  a  central 
trough  drain,  18  X  6  inches,  that  extends  the  length  of  the 
floor,  and  is  connected  with  several  individual  floor  drains 
located  around  the  room.  The  trough  drains  are  covered 
with  sections  of  removable  grids  made  from  steel  flats  and 
rounds  and  held  in  place  on  Z-bars  embedded  in  the  concrete 
floor;  the  floors,  of  6-inch  concrete,  slope  to  the  trough 
drains  with  an  incline  of  1  inch  in  8  feet.  During  con¬ 
struction  of  the  concrete  and  the  brick  walls,  threaded 
0.75-inch  steel  rods  were  inserted  on  5-foot  centers  for  at¬ 
tachment  of  equipment  and  intermediate  supports. 

Service  provided  includes  high-  and  low-pressure  steam, 
hot  and  cold  water,  compressed  air,  gas,  vacuum,  and  electric 
power,  110  and  220  alternating  current  and  220  direct  current. 
The  process  and  power  lines  reach  the  building  through  a 
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Upper  Left.  Fluid  Flow  and  Filtration  Equipment, 
West  Section.  Chemical  Control  Laboratory  on 
Balcony 

Upper  Right.  Distillation  Equipment  and  Glass-Lined 
Kettle,  East  Section 

Center.  Machine  Shop 

Lower  Right.  Long-Tube  Evaporators,  East  Section 


•tunnel  from  the  university  power  plant  and  are  piped  around 
the  walls.  Each  line  is  painted  a  different  color  for  ease  in 
identification.  A  unit  heater,  together  with  several  banks  of 
pipe  heaters  supported  at  different  places  on  the  walls,  supplies 
ample  heat.  A  brick  chimney,  34  X  36  inches,  is  adapted 
for  both  chimney  and  vent  purposes. 

Unit  Operations  Equipment.  The  unit  operations  equip¬ 
ment  permanently  located  in  the  east  section  includes:1 

A  ten-plate  bubble-cap  column  and  still  and  a  12.5-foot  packed 
distillation  column  and  accessories  are  located  in  one  corner. 
Both  units  were  constructed  in  the  shop  of  the  department.  The 
packed  column  follows  a  design  by  the  Department  of  Chemical 
Engineering,  Cornell  University. 

A  Pfaudler  5-gallon  jacketed  glass-lined  kettle. 

A  long-tube,  single-effect  evaporator  having  a  heating  surface 
of  17.3  square  feet.  This  unit  was  designed  and  constructed 
locally. 


1  Detailed  instructions  for  construction  of  many  of  these  units  are  found  in 
“Unit  Operations  Laboratory  Equipment”  by  Zimmerman  and  Lavine,  1940 
•  edition.  Department  of  Chemical  Engineering,  University  of  North  Dakota. 


A  single  long-tube  evaporator  for  experimental  studies,  de¬ 
signed  and  constructed  locally.  ,  , 

A  triple-effect  evaporator  of  the  common  vertical  basket  type 
with  complete  accessories  for  the  evaporation  of  liquids  that  salt 
out  during  evaporation.  The  heating  element  in  each  effect  con¬ 
sists  of  a  basket  holding  eight  0.875-inch  copper  tubes  2  feet  long. 
The  boiling  liquid  passes  up  through  the  heating  tubes  and  returns 
down  through  the  space  around  the  basket.  The  evaporator  can 
be  operated  with  forward,  backward,  or  parallel  teed.  A  by- 
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Upper.  Triple-Effect  Evaporator  and  Accessories,  East 

Section 

Lower.  West  Open  Area  of  Building,  Showing  Drying, 
Heat  Transfer,  and  Filtration  Equipment.  Grid-Covered 
Trough  Drain  in  Center 


pass  vapor  line  to  the  condenser  permits  the  operation  of  each 
effect  singly,  or  ,any  two  as  double  effects.  The  entire  unit  was 
designed  by  the  writers  and  constructed  in  the  shop  of  the  de¬ 
partment. 

An  indirect  gas-fired  rotary  kiln  dryer,  of  local  design  and  con¬ 
struction,  for  the  study  of  a  process  for  reducing  low-grade  Minne¬ 
sota  hematite  ore  with  North  Dakota  lignite. 

A  110-gallon  submerged  combustion  evaporator  for  the  study 
of  dehydration  of  North  Dakota  Glauber’s  salt.  This  was  built 
from  two  55-gallon  oil  drums  and  standard  pipe  and  fittings 
following  a  design  suggested  by  K.  A.  Kobe  of  the  University  of 
Washington. 

An  experimental  unit  for  studying  heat  transfer  from  a  copper 
coil  to  liquid  in  an  open  tank. 

The  following  equipment  is  stationed  in  the  west  section: 

A  Carrier  humidity  dryer. 

A  steam-heated  five-pass  tray  dryer  of  the  Gordon  type  pro¬ 
vided  with  means  for  recirculating  the  air.  This  unit  was  de¬ 
signed  and  constructed  locally. 

A  concentric  pipe  heat  interchanger,  20  feet  long,  constructed 
locally  from  a  design  developed  by  W.  L.  Beuschlein  of  the  Uni¬ 
versity  of  Washington.  The  transfer  of  heat  takes  place  from 
steam  to  liquid.  Improved  methods  of  reducing  losses  and  end 
effects  and  of  measuring  temperatures  are  embodied  in  the  de¬ 
sign. 

A  3-foot  diameter  thickener  of  the  Dorr  type,  designed  and 
constructed  locally. 


An  18  X  6  inch  rotary  vacuum  filter  and  accessories. 

A  6-inch  plate  and  frame  filter  press  and  accessories. 

A  Crane  water  softener. 

A  fluid  flow  apparatus,  of  local  design  and  construction,  in¬ 
cluding  accessory  equipment  for  calibrating  an  orifice  meter  and 
a  venturi  meter  as  well  as  determining  the  efficiency  of  a  cen¬ 
trifugal  pump. 

The  following  equipment  is  being  constructed  at  the  pres¬ 
ent  time : 

A  gas-absorber  serviceable  for  both  laboratory  instruction  and 
research,  auxiliary  equipment  for  the  bubble-cap  distillation 
unit,  an  orifice  meter  for  a  4-inch  line,  a  fluid-flow  apparatus 
constructed  with  streamline  soldered  joint  fittings,  an  extraction 
unit,  an  experimental  elutriation  unit,  and  an  experimental  cy¬ 
clone  separator  made  of  transparent  material. 

In  addition,  holdup  flow  meters,  thermometer  guards,  dolly 
trucks,  manometers,  orifice  meters,  etc.,  have  been  constructed 
in  the  shops  for  use  with  the  permanent  equipment. 

Machine  Shop.  The  room  below  the  balcony  in  the  east 
section  has  been  fitted  as  a  machine  shop,  with  a  lathe,  milling 
machine,  bench  grinder,  drill  press,  work  bench,  etc.  Most 
of  the  equipment  for  the  department  is  constructed  here, 
although  other  shops  of  the  university  have  also  been  used. 
The  equipment  includes  the  usual  gas  welding  outfit  and  a 
small  alternating  current  arc  welder. 

The  chemical  engineering  curriculum  includes  a  senior 
research  requirement.  The  students  select  a  problem  from  a 
list  provided  by  the  faculty,  usually  in  the  field  of  unit  chemi¬ 
cal  engineering  operations.  They  then  design  and  construct 
needed  equipment.  The  shop  has  been  found  invaluable  to 
them  in  this  work.  The  training  that  they  receive  in  the  use 
of  the  shop  tools  and  equipment  is  considered  highly  impor¬ 
tant. 

Washroom  and  Stockroom.  The  space  below  the  balcony 
in  the  west  section  was  partitioned  to  provide  a  washroom  ap¬ 
proximately  12  X  14  feet  and  a  stock  supply  room  approxi¬ 
mately  12  X  24  feet.  The  washroom  contains  a  toilet,  shower, 
and  concrete  terrazzo-finished  wash  basin  of  local  design  and 
construction.  Hot  water  is  provided  by  a  tank  constructed 
of  60  feet  of  0.5-inch  copper  tubing  coiled  in  a  4-foot  length 
of  standard  8-inch  pipe.  Water  passes  through  the  coil  and  is 
heated  by  steam  at  20  pounds  pressure  on  the  outside. 

The  stock  supply  room  is  fitted  with  bins  and  shelves  for 
storing  pipe  fittings  and  miscellaneous  engineering  supplies 
as  well  as  tools.  Three  wood  cabinets  are  used  for  storing 
meters,  thermometers,  screens,  etc.  A  service  window  opens 
to  the  main  laboratory. 

Storage  Vault.  The  area  below  the  front  portico  was 
excavated  to  provide  a  very  useful  storage  vault,  with  en¬ 
trance  through  a  door  that  leads  into  the  stockroom.  Long 
lengths  of  pipe,  rods,  angle  iron,  pumps,  motors,  and  other 
similar  items  are  stored  here.  Because  of  its  lower  tempera¬ 
ture  the  vault  is  also  useful  for  the  storage  of  low-boiling 
liquids. 

Chemical  Control  Laboratory.  The  south  end  of  the 
balcony  in  the  west  section,  which  leads  to  the  front  entrance 
of  the  building,  is  used  for  a  chemical  control  laboratory. 
A  6-foot  chemical  laboratory  desk  was  installed  and  piped 
with  gas,  water,  air,  and  vacuum  lines.  A  glass-enclosed 
cabinet  was  attached  to  the  wall  to  house  an  analytical  bal¬ 
ance.  A  reagent  cabinet  is  near  by. 

Lecture  and  Calculation  Room.  Although  the  class¬ 
rooms  of  the  department  are  located  in  the  School  of  Mines, 
it  was  found  desirable  to  provide  some  space  in  the  building 
for  lecture  by  the  instructor  during  the  laboratory  period. 
The  north  half  of  the  balcony  has  been  provided  with  a  table, 
benches,  and  a  portable  blackboard,  and  is  used  for  that 
purpose. 
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American  Apparatus,  Instruments, 
and  Instrumentation 

RALPH  HOLCOMBE  MULLER 

Department  of  Chemistry,  New  York  University,  Washington  Square,  New  York,  N.  Y. 


When  your  editor  invited  me  to  undertake  a  sur¬ 
vey  of  American  instruments  and  apparatus  he  was 
mindful  of  the  interest  which  this  topic  aroused 
last  year,  and  assured  of  my  interest  in  the  subject. 
There  are  many  experts  on  instrumentation  in 
this  country  who  would  refuse  the  assignment 
with  a  plea  of  incompetence,  but  there  are  times 
when  one’s  enthusiasm  conquers  his  better  judg¬ 
ment.  I  claim  some  degree  of  expertness  in  but  one 
or  two  of  the  many  topics  discussed  in  this  review, 
and  consequently  every  expert  will  bemoan  the 
treatment  of  his  own  specialty.  But  someone  had 
to  do  the  job,  and  it  was  my  good  fortune  to  have 
so  much  good  advice,  and  to  see  so  much  that  is 
being  done  for  the  chemist  to  provide  him  with 
better  equipment,  that  it  seemed  possible  to  get  a 
fairly  coherent  picture  out  of  the  welter  of  detail. 

It  has  been  possible  to  indicate  only  trends  and 
representative  activities.  Developments  are  treated 
according  to  arbitrarily  selected  fields  of  measure¬ 
ment  and  primarily  those  of  importance  for  the 
chemist.  There  is  not  the  least  attempt  to  make 
comparisons  of  relative  merit;  indeed,  it  would  not 
be  possible  for  me  to  do  so  with  any  degree  of  com¬ 
petence  in  most  cases. 


THAT  the  history  of  physical  science  is  largely  the  history 
of  instruments  and  their  intelligent  use  is  -well  known. 
The  broad  generalizations  and  theories  which  have  arisen 
from  time  to  time  have  stood  or  fallen  on  the  basis  of  accurate 
measurement,  and  in  several  instances  new  instruments  have 
had  to  be  devised  for  the  purpose.  There  is  little  evidence  to 
show  that  the  mind  of  modern  man  is  superior  to  that  of  the 
ancients.  His  tools  are  incomparably  better.  Indeed,  the 
early  philosophers  disdained  experiment  and  even  common 
observation,  if  the  results  were  contrary  to  sound  logic.  Al¬ 
though  the  modern  scientist  accepts  and  welcomes  new  in¬ 
struments,  he  is  less  tolerant  of  instrumentation.  He  is 
likely  to  regard  preoccupation  with  instruments  and  their 
design  as  “gadgeteering”  and  distinctly  inferior  to  the  mere 
use  of  instruments  in  pure  research.  Thus,  Lord  Rutherford 


The  style  is  intentionally  nonreportorial,  since 
everyone  can  read  catalogs  for  himself.  If  it  in¬ 
clines  to  the  didactic,  the  outcroppings  are  not  to 
be  viewed  as  the  uncontrollable  instincts  of  a  pro¬ 
fessor,  but  rather  as  a  feeble  effort  to  emphasize  the 
importance  of  “instrumentation”  as  distinguished 
from  “instruments”.  I  have  long  felt  that  this  is 
needed  by  many  able  chemists,  who  are  busy  doing 
important  things  and  feel  that  there  will  always  be 
enough  people  who  are  queer  enough  to  be  inter¬ 
ested  in  “gadgets”  to  supply  them  with  new  tools 
when  they  are  ready  for  them. 

A  few  nontechnical  aspects  of  the  instrument 
and  apparatus  industry  are  discussed,  in  the  belief 
that  they  are  interesting  and  important.  Some  of 
them  are  distinctly  controversial  and  in  those  cases 
I  have  adopted  the  role  of  reporter  rather  than 
commentator. 

From  all  points  of  view,  the  privileged  observer 
cannot  fail  to  be  impressed  by  the  American  instru¬ 
ment  and  apparatus  industry.  Its  accomplish¬ 
ments  are  magnificent;  its  future  is  clearly  de¬ 
fined;  and  its  importance  in  the  maintenance  of 
our  industrial  and  scientific  supremacy  and  our 
national  security  cannot  be  overestimated. 


once  said  of  Callender,  the  father  of  recording  potentiometers, 
“He  seems  to  be  more  interested  in  devising  a  new  instru¬ 
ment  than  in  discovering  a  fundamental  truth.” 

There  are  two  colloquialisms  which  are  anathema  to  the 
serious  student  of  instruments — “gadget”  and  “Rube 
Goldberg”.  To  some  people,  anything  more  complicated 
than  a  side-arm  test  tube  falls  in  one  or  the  other  of  these 
classifications.  Some  of  the  commonest,  most  widely  used 
devices  of  our  times  are  complicated  beyond  the  comprehen¬ 
sion  of  that  well-known  cartoonist.  Anyone  who  seriously 
disagrees  with  this  statement  should  throw  away  his  wrist 
watch  and  acquire  an  hourglass,  thus  getting  back  to  funda¬ 
mentals. 

Fortunately,  there  is  a  great  body  of  earnest  workers, 
oblivious  to  these  jibes,  devoted  to  these  pursuits,  whose 
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Courtesy,  Ford  Motor  Co. 

Figure  1.  Johansson  Gage  Blocks 


handiwork  we  may  examine.  They  are  providing  means 
with  which  the  “Olympians”  may  continue  to  study  nature. 

Instrument  and  Apparatus  Manufacturers 

The  manufacture  of  scientific  apparatus  requires  expensive 
machinery  and  skilled  personnel.  On  the  average  staff  will 
be  found  Ph.D.’s,  engineers,  skilled  mechanics,  and  artisans — 
very  little  unskilled  labor.  Overhead  in  general  is  very  high 
and  few  instruments  are  made  in  sufficient  quantity  to  justify 
cost-cutting,  line-production  methods.  In  addition,  the  ex¬ 
acting  demands  of  the  business  require  the  latest  and  most  pre¬ 
cise  tools,  which  again  cannot  be  purchased  in  price-saving 
quantities. 

Development  and  research  are  important  budget  items,  for 
the  needs  of  science  and  industry  must  be  studied;  a  new 
instrument  must  meet  all  the  requirements  of  the  prospective 
user,  and  in  addition  it  must  be  thoroughly  practical,  re¬ 
liable,  and  reasonably  easy  to  construct  and  service. 

After  an  instrument  is  developed  and  in  the  process  of 
manufacture,  suitable  bulletins  and  pamphlets  must  be  pre¬ 
pared,  describing  its  operation  and  uses.  These  must  be 
exhaustive  in  detail,  and  include  pertinent  literature  refer¬ 
ences.  Complete  operating  directions  are  necessary,  and  are 
expected  even  though  the  customer  does  not  always  read 
them  carefully,  or  at  least  not  until  he  has  taken  the  instru¬ 
ment  apart  to  see  what  is  wrong  with  it. 

The  manufacturer  is  often  required  to  convince  the  cus¬ 
tomer  that  the  instrument  will  solve  his  problem.  Very  fre¬ 
quently,  substantial  proof  of  this  is  a  prerequisite  for  the  sale. 
Such  proof  often  involves  research  on  other  aspects  of  the 
problem  having  nothing  to  do  with  the  instrument  itself. 
Many  companies  have  a  definite  policy  on  such  matters.  If  a 
new  and  potentially  valuable  application  is  suggested,  the 
company  will  expend  time  and  effort  in  studying  it.  If  the 
intended  application  is  palpably  the  customer’s  own  problem 
and  requires  extensive  research,  he  is  charged  for  the  service. 

The  manufacturer’s  costs  will  make  the  apparatus  more 
expensive  than  home-made  equipment.  The  so-called  “ex¬ 
cessive  cost”  of  instruments  and  apparatus  is  nothing  more 
than  an  honest  and  businesslike  assay  of  the  total  costs  of 
producing  a  piece  of  equipment,  including  capital  investment, 
depreciation,  material  costs,  decent  wages,  service,  and  sales 
costs.  The  amateur  constructor  does  not  count  his  time  when 
he  appraises  the  cost  of  his  own  handiwork. 

The  sales  and  service  staff  must  be  well  trained;  among 
them  will  be  found  engineers  and  Ph.D.’s  in  abundance.  A 
hearty  manner  and  a  pocket  full  of  cigars  are  no  longer  the 
maximal  entrance  requirement  for  this  field.  The  average 
sales  representative  is  well  informed  and  can  make  useful 


suggestions  and  recommendations. 
The  training  of  these  people  is 
largely  the  burden  of  the  manu¬ 
facturer;  in  many  concerns,  actual 
instruction  for  an  extended  period 
has  been  found  necessary. 

Every  large  manufacturer  carries 
some  “prestige”  items — instru¬ 
ments  on  which  he  definitely  loses 
money.  Some  of  these  are  carried 
as  a  matter  of  pride,  others  with 
the  feeling  that  he  can  turn  back 
to  pure  science  something  which 
it  needs  but  for  which  there  is  not 
sufficient  demand  to  warrant  prof¬ 
itable  manufacture.  The  large 
selling  items  of  a  standard  nature 
are  counted  on  to  balance  the 
losses.  Despite  this,  he  is  often 
told  that  an  instrument  is  satisfactory  but  its  price  is  out¬ 
rageous. 

Dealers 

The  role  of  the  apparatus  and  instrument  dealer  is  very 
important.  He  is  frequently  misunderstood  but  just  as  fre¬ 
quently  cherished  by  those  who  appreciate  his  function.  The 
dealer  is  in  a  position  to  place  his  wide  experience  and  con¬ 
tacts  at  the  disposal  of  the  general  customer.  He  is  required, 
by  the  nature  of  his  business,  to  carry  a  stock  of  20,000  to 
30,000  items.  A  single  rush  order  may  consist  of  one  Type  X 
potentiometer  and  50  grams  of  calomel,  and  Heaven  help  him 
if  he  hasn’t  both  on  hand  for  immediate  delivery. 

The  average  dealer  is  a  clearinghouse  for  scientific  informa¬ 
tion.  He  is  frequently  called  upon  to  offer  advice  about  the 
choice  of  equipment,  comparative  prices,  or  the  feasibility 
of  a  certain  process  or  method.  He  is  often  requested  to  fur¬ 
nish  complete  laboratories  or  assemblies  of  equipment.  Rou¬ 
tine  inquiries  at  the  rate  of  dozens  a  day  may  range  from 
the  way  to  remove  a  frozen  stopper  or  to  demonstrate  cold 
light,  to  how  to  check  the  ABC  pH  meter  (not  his  own  fist¬ 
ing).  These  questions  are  answered  cheerfully  and  patiently; 
they  are  part  of  his  service.  As  a  general  rule,  this  service 
is  not  unappreciated.  There  are  countless  executives,  edu¬ 
cators,  and  technical  people  who  have  relied  upon  their  favor¬ 
ite  dealer  for  decades  and  express  their  gratitude  by  con¬ 
tinued  patronage. 

Many  dealers  engage  in  development  and  research  work  to 
improve  their  offerings  and  to  reduce  their  cost.  They  often 
undertake  the  construction  of  special  apparatus  and  assist 
the  customer  in  the  solution  of  his  problems. 

Consumers 

The  purchaser  of  apparatus  has  his  own  problems  and  a  few 
pet  peeves. 

In  general,  the  large-scale  user  of  industrial  instruments 
knows  just  what  he  wants,  his  demands  are  somewhat  more 
standardized,  and  cost  is  not  a  primary  consideration.  Fur¬ 
thermore,  he  understands  costs  because  he  is  in  business  him¬ 
self. 

The  individual  and  the  academic  consumer  will  incline  to 
home-made  apparatus,  often  of  necessity.  Despite  generous 
academic  discounts,  he  may  be  required  to  buy  apparatus  on 
a  basis  of  price  rather  than  on  performance  or  specification. 
Frequently  he  has  need  for  an  instrument  of  limited  applica¬ 
bility,  too  intricate  for  an  amateur  to  build,  and  too  un¬ 
profitable  for  a  dealer  or  manufacturer  to  undertake. 

He  is  confused  or  annoyed,  as  the  case  may  be,  by  rival 
claims  of  superiority  in  instruments.  He  is  aware  that  many 
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advertising  claims  are  not  supported  by  the  facts.  He  notes 
that  in  such  claims  precision  and  accuracy  are  confused, 
sometimes  intentionally.  It  should  be  noted  that  conservative 
companies  are  more  indignant  about  these  occurrences  than 
is  the  consumer. 

He  is  aware  that  all  companies  are  not  equally  progressive, 
and  that  mere  size  of  the  company  is  no  reliable  index  in  this 
respect. 

Scientific  Apparatus  Makers  of  America 

To  this  organization,  of  which  nearly  all  manufacturers  and 
dealers  are  members,  science  and  industry  in  this  country 
are  greatly  indebted.  It  has  done  effective  work  in  standardi¬ 
zation,  in  seeking  uniformity  and  cooperation  among  various 
agencies,  and  in  studying  impending  legislation  which  might 
be  harmful  to  the  best  interests  of  independent  American 
industry.  It  was  instrumental  in  founding  the  Review  of 
Scientific  Instruments  and  maintained  that  valuable  journal 
until  it  was  absorbed  by  the  American  Institute  of  Physics. 
Once  more  (1940)  it  has  collaborated  with  the  management 
and  materially  contributed  to  its  support.  But  for  the 
untiring  efforts  of  this  organization,  especially  in  the  post-war 
period,  the  American  instrument  and  apparatus  industry 
would  not  occupy  its  present  commanding  status. 

American  Instruments  and  Apparatus 

The  author  has  confined  this  review  exclusively  to  Ameri¬ 
can  made  equipment,  with  a  single  exception  (Figure  109) .  In 
the  broadest  scientific  sense,  this  is  unsatisfactory;  but  it 
may  be  contended  that  an  inquiry  conducted  on  this  basis 
is  timely  and  pertinent.  In  many  respects  we  have  a  com¬ 
plete  degree  of  independence;  in  the  electrical  and  control 
field  it  is  the  general  consensus  of  opinion  that  American 
practice  is  10  or  15  years  ahead  of  other  countries.  Some 
doubt  is  expressed  about  the  optical  field,  but  at  least  what 
has  been  accomplished  is  impressive. 

This  brief  sketch  may  convince  those  who  are  devoted  to 
the  advancement  of  science,  progress  in  technology,  and 
the  maintenance  of  our  public  health  and  defense  that  there 
is  an  imposing  array  of  talent — physicists,  chemists,  and 
engineers — producing  new  and  better  equipment,  to  bring 
ever-increasing  precision  and  certainty  to  bear  upon  these 
problems. 

National  Bureau  of  Standards 

American  science  and  industry  are  heavily  and  continuously 
indebted  to  the  National  Bureau  of  Standards, _  particularly 
in  the  case  of  instruments  and  apparatus.  This  institution 
is  housed  in  twelve  major  and  seven  minor  buildings  on  56 
acres  of  land  in  the  northwest 
suburbs  of  Washington.  In  1939, 

950  employees  (42)  staffed  nine 
divisions  devoted  to  research  and 
testing  (70  sections),  three  divi¬ 
sions  dealing  with  commercial 
standardization  (14  sections),  and 
three  divisions  for  administration, 
operation  of  plant,  and  the  con¬ 
struction  of  apparatus  (19  sections) . 

In  a  typical  report  for  one  year’s 
activities  (32)  and  considering  only 
those  items  referring  to  instruments 
we  find  that  there  were  tested : 

1,440  electrical  standards  and  instru¬ 
ments 

3,190  gages  and  samples  of  gage  steel 
5,110  weights  and  balances 
420  timepieces 


13,700  pieces  of  volumetric  apparatus 
1,820  hydrometers 
2,360  laboratory  thermometers 

141,600  clinical  thermometers 
1,630  engineering  instruments 
1,035  aeronautic  instruments 

During  the  same  period  the  bureau  distributed  8620  stand¬ 
ard  samples  and  analyzed  87,640  other  samples.  In  the  past 
year  approximately  10,300  standard  samples  were  sold  to 
industrial,  municipal,  state,  government,  hospital,  and  uni¬ 
versity  laboratories  (21).  There  are  few,  if  any,  readers  of 
the  Analytical  Edition  who  are  not  familiar  with  and 
grateful  for  this  service. 

This  does  not  take  into  account  a  large  amount  of  research, 
much  of  it  fundamental,  which  in  its  long-range  effects  is 
always  difficult  to  appraise  in  an  annual  report.  Such  re¬ 
search  has  been  actively  prosecuted  during  most  of  the  40 
years  since  the  bureau  was  established.  In  addition  to  the 
maintenance  of  fundamental  standards  suitable  for  all  scien¬ 
tific  and  industrial  pursuits  and  continued  research  on  im¬ 
proved  methods  of  defining  and  applying  them,  the  bureau 
maintains  close  contact  with  foreign  bodies  and  commissions 
dedicated  to  the  same  duties. 

Its  services  are  available  to  the  national  and  state  govern¬ 
ments  without  charge.  Other  work  is  undertaken  under 
certain  conditions,  the  main  consideration  being  the  value  of 
the  work  to  the  nation  as  a  whole.  For  private  tests  a  fee  is 
charged,  which  is  turned  into  the  U.  S.  Treasury  and  is  not 
available  to  the  bureau.  Even  the  casual  reader  cannot  fail 
to  be  impressed  by  the  enormous  output  of  this  institution  for 
the  small  cost  which  it  entails.  For  1939  the  appropriation 
was  only  $2,615,000. 

The  results  of  the  past  year’s  work  have  been  made  avail¬ 
able  through  288  publications  and  articles.  In  addition.  30 
mimeographed  letter  circulars  and  notes  on  subjects  con¬ 
cerning  which  many  inquiries  were  received,  were  prepared 
and  distributed  on  request. 

Secondary  Standards  Maintained  by 
Manufacturers 

It  is  common  knowledge  that  most  instrument  and  ap¬ 
paratus  manufacturers  will  submit  their  wares  to  the  Na¬ 
tional  Bureau  of  Standards  for  certification  at  the  request  of 
the  customer.  The  majority  maintain  their  own  secondary 
standards  which  are  sent  to  the  bureau  for  periodic  checking. 
In  many  cases  the  private  resources  for  such  standardization 
and  calibration  are  in  no  wise  inferior  to  those  of  the  bureau, 
although  the  official  nature  of  the  bureau’s  approval  is  uni¬ 
versally  accepted,  and  in  view  of  its  general  policy,  the  ulti¬ 
mate  consumer  has  reasonable  certainty  that  his  results  will 
conform  with  international  usage. 
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Figure  2.  Master  Set  of  Gage  Blocks 
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It  is,  perhaps,  less  generally  appreciated  that  the  present- 
day  methods  of  fabrication  permit  the  manufacturer  to  turn 
out  equipment  which  he  knows,  in  advance,  will  be  suitable 
for  official  certification.  In  the  past  it  was  customary  to  sort 
or  grade  production  items  and  select  the  best  specimens  for 
this  purpose.  With  constant  improvement  in  production 
methods,  the  increased  use  of  automatic  machinery,  and  the 
extensive  application  of  instrumentation,  this  practice  is 
becoming  less  and  less  common. 

Length  and  Linear  Displacement 

In  linear  and  angular  measurements  the  present  demands 
for  exceedingly  close  tolerances  in  many  of  our  machines,  par¬ 
ticularly  in  the  automotive  industry,  have  necessitated  the 
production  of  comparatively  cheap  high-precision  standards 
of  length.  The  first  combination  set  of  gage  blocks  was  made 
by  C.  E.  Johansson  of  Eskilstuna,  Sweden,  in  1897,  but  it 
was  not  until  1911  that  he  was  able  to  produce  them  in  com¬ 
mercial  quantities  of  a  guaranteed  quality. 

Johansson  gage  blocks  are  rectangular  pieces  of  hardened  steel 
with  finished  flat  surfaces  having  the  appearance  of  burnished  silver 
and  are  accurate  within  millionths  of  an  inch.  Their  production 
requires  the  attainment  of  perfectly  fiat  surfaces,  strict  parallelism 
of  the  faces,  accuracy  of  dimensions,  and  appropriate  heat  treat¬ 
ment  and  seasoning  to  assure  permanence.  When  “wrung”  to¬ 
gether  the  blocks  will  adhere  with  a  force  which  is  about  thirty 
times  greater  than  can  be  accounted  for  by  the  atmospheric  pres¬ 
sure  component.  A  large  stack  of  them  may  be  held  as  shown  in 
Figure  1,  and  the  total  length  is  equal  to  the  sum  of  the  individual 
unit  lengths  within  a  few  millionths  of  an  inch.  When  the  Ford 
Motor  Company  acquired  the  right  to  manufacture  these  gages, 
the  accuracy  was  of  the  order  of  0.00001  inch.  In  successive 
stages  of  improvement  and  development,  this  accuracy  was  in¬ 
creased  to  0.000008,  0.000004,  0.000002  inch.  A  typical  standard 
set,  shown  in  Figure  2,  consists  of  81  blocks,  from  which  120,000 
combinations  of  gages  can  be  made  in  steps  of  0.0001  inch,  from 
a  minimum  size  of  0.200  inch  to  more  than  12  inches.  Series  are 
available  in  English  or  metric  units.  The  Johansson  gage  blocks 
are  made  in  B,  A,  and  AA  quality  having  an  accuracy  at  68°  F.  of 

Quality 

Inch  Mm. 

B  ±0.000008  0.0002 

A  ±0.000004  0.0001 

AA  ±0.000002  0.00005 


Courtesy,  Ford  Motor  Co. 

Figure  3.  Setting  Master  Visual  Gage  with  Blocks 


per  block  up  to  1  inch  of  length  and  per  inch  of  length  on  longer 
blocks.  In  the  AA  quality  the  flatness,  parallelism,  and  dimen¬ 
sions  are  held  to  within  an  eighth  of  a  wave  length  of  fight! 

One  of  the  many  uses  of  these  convenient  standards  is  shown 
in  Figure  3,  in  which  a  master  visual  gage  is  being  set.  The 
same  procedure  can  be  used  in  checking  micrometers,  go, 
no-go  snap  gages,  and  dial  and  limit  gages. 

The  National  Bureau  of  Standards,  which  is  the  repository 
for  the  platinum-iridium  National  Standard  Meter  No.  27, 
has  prepared  standards  of  length  from  fused  quartz  known  to 
1  part  in  5,000,000  and  three  standards  for  planeness  for 
testing  gages,  flat  to  within  0.0000002  inch. 


Courtesy ,  Federal  Products  Cory. 

Figure  4.  Dial  Gage 


Dial  Gages.  Small  changes  or  variations  in  linear  dimen¬ 
sions  or  small  displacements  are  conveniently  measured  with 
dial  gages  similar  to  the  one  shown  in  Figure  4.  This  instru¬ 
ment  reads  increases  or  decreases  in  length  in  thousandths 
of  an  inch  up  to  15  thousandths.  These  gages  are  available 
in  five  sizes  graduated  from  0.00025  to  0.005  inch.  In  addi¬ 
tion  to  their  individual  use  these  instruments  are  often  used 
as  important  components  of  other  testing  instruments  and 
machines.  Any  phenomenon  which  can  be  conveniently 
converted  into  linear  motion,  such  as  thermal  expansion,  de¬ 
flection  under  stress,  etc.,  can  be  transmitted  directly  to  the 
gage.  Although  these  gages  are  held  to  very  close  tolerances, 
it  is  always  possible  to  check  them  in  terms  of  fundamental 
standards  such  as  the  afore-mentioned  Johansson  gage  blocks. 

The  Comparator  is  a  versatile  and  useful  instrument,  as 
likely  to  be  found  in  the  toolroom  of  a  factory  as  in  the  com¬ 
puting  room  of  an  astronomical  observatory.  Comparators 
are  favorite  topics  for  discussion  in  treatises  on  machine  or 
instrument  design,  since  a  good  one  embodies  so  many  prin¬ 
ciples  that  are  fundamental  in  correct  design  theory. 

The  instrument  illustrated  in  Figure  5  was  designed  pri¬ 
marily  for  the  measurement  of  spectrograms,  but  may  be  used 
for  linear  measurements  on  any  objects  within  the  capacity  of 
the  stage. 

The  instrument  has  a  range  of  100  mm.  and  is  direct-reading 
to  0.001  mm.  The  large-diameter  lead  screw  has  a  pitch  of  1  mm. 
Periodic  and  progressive  errors  are  eliminated  and  the  bearings 
are  free  of  eccentricity.  The  “traveling-nut”  of  bronze  is  split  to 
allow  compensatory  adjustment  for  wear.  An  arm  on  the  nut 
rides  on  a  “correction  bar”  which  provides  such  small  rotation 
as  is  necessary  to  correct  the  slight  residual  errors  in  the  screw. 
The  nut  moves  the  carriage  through  the  medium  of  a  ball  and 
flat  contact.  Weight  loading  maintains  the  carriage  in  uniform 
contact  with  the  nut. 
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Courtesy ,  Gaertner  Scientific  Corp . 

Figure  6.  Circular  Dividing  Machine 


Courtesy,  Gaertner  Scientific  Corp, 


Figure  5.  Comparator 


A  machine  of  this  type  is  indispensable  in  constructing  a 


A  continuously  variable  range  of  magnification  from  5  to  35 
diameters  is  provided  by  the  microscope  through  a  choice  of  objec¬ 
tives  of  32  and  35  mm.  and  two  eyepieces  of  25^  and  50-mm. 
equivalent  focal  length.  The  micrometer  drum  is  135  mm.  in 
diameter  with  1000  divisions  each  representing  0.001  mm.  A 
second  drum,  adjacent  to  and  coaxial  with  the  first,  indicates  the 
number  of  complete  revolutions,  thus  supplementing  the  milli¬ 
meter  scale  mounted  on  the  bed.  The  entire  reading  is  apparent 
at  a  glance;  thus  61.468  mm.  is  given  by  61  complete  revolutions 
and  a  reading  on  the  immediately  adjacent 
drum  of  468.  The  scales  are  viewed  by  a 
magnifier  through  a  glass  window,  with  uniform 
illumination  provided  by  a  diffusing  screen. 

Relative  measurements  are  consistent  with  one 
another  to  well  within  1  micron  over  the  full 
range,  and  the  total  length  is  accurate  to  1 
micron  at  22.5°  C. 

Dividing  Machine.  One  is  inclined  to 
regard  a  dividing  machine  as  a  precise  tool 
and  not  as  an  instrument,  yet  it  possesses 
all  the  refinements  of  a  precise  instrument 
and  is  indispensable  in  the  manufacture  of 
many  of  them.  Dividing  machines  are  of 
the  linear  or  circular  type,  and  of  wide  va¬ 
riety  of  range  and  accuracy.  They  may 
be  manually  operated  or  completely  auto¬ 
matic. 


first-class  goniometer,  spectrometer,  or  polarimeter.  Lmear 
dividing  machines  are  still  more  widely  used  and  entail  the 
same  refinements  of  construction. 

Indirect  Measurement.  The  fundamental  devices  which 
have  been  discussed  so  far  can  be  extended  or  modified  ^to 
meet  special  requirements.  On  the  other  hand,  indirect 
methods  have  been  used  for  the  measurement  of  length, 
thickness,  or  lineal  displacement.  Electronic  and  .photo¬ 
electric  installations  are  commonly  used  to  inspect,  grade, 


The  machine  illustrated  in  Figure  6  is  com¬ 
pletely  automatic  and  will  rule  circular  scales 
up  to  62  cm.  in  diameter  on  flat,  curved, 
beveled,  or  vertical  surfaces  with  an  accuracy 
of  =±=1  second  of  arc.  A  wide  choice  of 
angular  spacings  is  available  in  degrees, 
minutes,  and  fractions  thereof,  or  fractions  of 
a  circle,  and  in  rulings  suitable  for  the  special 
requirements  of  artillery.  To  attain  this  pre¬ 
cision  requires  the  use  of  seasoned,  strain-free 
materials,  a  worm  wheel  with  all  teeth  ground 
and  lapped,  and  a  fully  corrected  worm  screw. 
Residual  errors  in  the  worm  wheel  are 
corrected  by  automatically  shifting  the  worm 
screw  along  its  axis.  A  lever  and  cam  system 
accomplishes  this.  The  entire  table,  and  work 
mounted  on  it,  rotate  on  a  long  conical  axis 
of  hardened  steel.  An  adjustable  helical 
spring  takes  up  the  weight,  assuring  constant 
minimal  friction  and  uniform  accuracy. 


Courtesy,  American  Instrument  Co. 

Figure  7.  Magna-Gage 
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Courtesy ,  Bausch  &  Lomb  Optical  Co. 

Figttbe  8.  Contour-Measuring  Projector 


and  sort  objects  according  to  size  or  thickness,  in  many 
cases  approaching  or  even  exceeding  the  sensitivity  of  the 
more  fundamental  types  of  instruments. 

Figure  7  illustrates  an  instrument  which  is  suitable  for  measur¬ 
ing  the  thickness  of  coatings  on  metals.  It  may  be  used  for 
nickel  coatings  (up  to  0.001  inch  thick)  on  nonmagnetic  metals 
such  as  copper,  brass,  and  zinc-base  die  castings,  or  for  non¬ 
magnetic  coatings  (up  to  0.025  inch  thick)  on  iron  or  steel.  The 
coatings  may  be  electrodeposited  (copper,  zinc,  cadmium,  tin, 
or  chromium) ;  they  may  be  hot-dipped  (tin,  zinc,  or  terneplate) ; 
or  they  may  be  nonmetallic  (paint  or  vitreous  enamel).  Polished 
nickel  coatings  (up  to  0.002  inch  thick)  on  iron  or  steel  can  be 
measured. 

The  Magna-Gage  consists  essentially  of  a  small  permanent 
bar  magnet,  2  mm.  in  diameter,  freely  suspended  from  a  horizontal 
lever  arm.  The  latter  is  actuated  by  a  beryllium-copper  spiral 
spring  which  is  coiled  by  turning  a  graduated  dial.  To  measure 
the  thickness  of  a  coating,  the  tip  of  the  magnet  is  brought  into 
contact  with  the  specimen  and  the  dial  turned  until  the  magnet  is 
detached.  The  average  of  several  readings  is  referred  to  a  cali¬ 
bration  curve  relating  dial  readings  to  thickness.  Calibration  is 
done  at  the  National  Bureau  of  Standards,  which  also  furnishes 
standard  coatings  with  the  calibration  for  checking  purposes. 
The  accuracy  is  about  =>=10  per  cent  for  coatings  thicker  than 
0.0002  inch. 

Contour-Measuring  Projector.  The  accurate  meas¬ 
urement  of  dimensions  and  dimensional  variations  is  not 
confined  to  mechanical  means  but  is  supplemented  by  precise 
optical  projectors. 

The  Bausch  &  Lomb  contour-measuring  projector  shown  in 
Figure  8  provides  a  means  of  producing  a  greatly  enlarged  image 
of  comparatively  large  objects  on  a  ground-glass  screen  and 
permits  measurements  to  be  made  to  the  limits  of  0.0001  inch. 
It  is  indispensable  in  inspecting  and  controlling  the  fabrication 
of  interchangeable  units  in  precision  instruments  and  machines. 
In  attaining  this  degree  of  precision  the  very  best  optical  com¬ 
ponents  must  be  employed. 
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Determination  of  Mass — Weighing 

Modern  instrumentation  continues  to  contribute  to  the 
important  operation  of  weighing.  The  problem  may  be  one 
of  weighing  a  fragment  or  a  freight  car.  The  accuracy  may 
be  about  the  same  in  each  case. 

The  advances  which  have  been  made  in  the  construction 
of  analytical  balances  were  ably  discussed  in  these  pages  last 
year  by  Ainsworth  (1 ) ;  the  full  resources  of  instrumentation 
are  utilized  in  this  problem. 

The  balance  shown  in  Figure  9  embodies  the  latest  refinements 
of  balance  construction,  with  the  convenience  of  a  keyboard¬ 
operated  weight  carrier,  which  handles  all  fractional  weights  up 
to  and  including  1  gram,  having  a  total  capacity  of  2220  mg. 

The  preparation  of  high-precision  (Class  M)  weights  is  an  ex¬ 
pensive  and  tedious  process.  The  one-piece  bronze  weights  are 
first  heavily  gold-plated  and  then  given  a  3-hour  boiling  test  in 
distilled  water.  This  is  to  detect  porosity  and  results  in  25  to 
50  per  cent  rejects.  The  weights  passing  this  test  are  rhodium- 
plated  to  bring  them  up  to  standard  weight  and  give  them  a 
harder  protective  coating  than  if  gold-plated  only.  A  humidity 
test  and  a  final  90-day  age  constancy  test  before  shipment  fol¬ 
low  (1). 

Industrial  Balances  and  Scales.  Precision  and  re¬ 
finements  in  weighing  are  not  confined  to  the  research  labora¬ 
tory.  In  many  respects  there  have  been  more  innovations 
and  developments  in  the  industrial  field.  As  usual,  the 
fundamental  requirements  are  speed  and  reliability  consistent 
with  accuracy. 


Courtesy ,  Wm.  Ainsworth  &  Sons,  Inc. 

Figure  9.  Precision  Analytical  Balance 


Figure  10  illustrates  a  battery  of  Toledo  scales  electrically 
interlocked  and  controlled  through  the  panel  at  the  left. 
They  are  used  in  the  accurate  proportioning  of  several  in¬ 
gredients  used  in  the  preparation  of  a  cosmetic  and  are 
equipped  with  photoelectric  cutoffs. 

Balances  and  scales  are  frequently  used  as  components  of 
other  instruments  or  machines  and  indirectly  furnish  in¬ 
formation  other  than  weight.  For  example  (Figure  11),  a 
scale  is  used  in  an  electrically  operated  machine  which  auto¬ 
matically  checks  valve  springs  for  compressive  strength,  and 
classifies  them.  The  springs  are  discharged  through  one  of 
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Courtesy ,  Toledo  Scale  Co. 

Figure  10.  Automatic  Electric  Scales  for  Process  Control 


the  spouts  at  the  right,  depending  on  whether  they  are  ac¬ 
cepted  or  rejected. 

Time  Measurements 


The  measurement  of  time  or  frequency  is  a  common  opera¬ 
tion  in  scientific  work.  For  measurements  of  moderate  pre¬ 
cision,  an  electric 
clock  driven  from 
the  alternating 
current  mains  has 
supplanted  most 
other  forms  of 
timepiece.  For 
reasons  which  are 
peculiar  to  central 
station  operation, 
and  for  the  ex¬ 
change  of  power 
by  neighboring 
power  networks, 
the  policy  of  main¬ 
taining  constant 
frequency  by  the 
power  companies 
will  continue  to  be 
expanded  and 
eventually  become 
a  generally  avail¬ 
able  service. 


Figure  11.  Scale- 
Controlled  Sort- 
,  eng  Machine 

Courtesy,  Toledo  Scale 
Co. 


Precision  electric  timers  of  this  class  are  available  in  a  variety 
of  styles  and  ranges.  The  one  shown  in  Figure  12  is  rated  at  1 
r.  p.  s.  and  totalizes  60  seconds.  It  can  be  provided  with  a  clutch 
operating  from  110- volt  alternating  current,  any  direct  current 
voltage  from  6  to  110,  or  from  the  output  of  electron  tubes.  The 
accuracy  with  the  former  is  0.01  second  and  with  the  latter  0.005 
second.  Control  may  be  either  automatic  or  manual.  For 
particular  applications  a  variety  of  combinations  are  possible, 
as,  for  example,  the  chrono-tachometer  of  Figure  13  in  which  engine 
or  motor  speeds  may  be  timed  by  integrating  revolutions  and 
time.  The  timer  and  counter  may  be  started  and  stopped 
simultaneously  by  unit  control  and  a  tachometer  is  provided  to 
show  the  approximate  instantaneous  speed. 


Courtesy ,  Standard  Electric  Time  Co . 

Figure  12.  Precision  Electric  Timer 


Fundamental  time  measurements  are  based  on  astronomical 
observations.  In  this  country  the  U.  S.  Naval  Observatory 
transmits  high-precision  time  signals  through  the  Naval  Radio 
Station  at  Arlington,  Va.,  on  a  frequency  of  113  kilocycles, 
21  out  of  the  24  hours.  An  electronic  oscillator  of  constant 
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Figure  13. 
Chrono-Tachometer 

Courtesy ,  Standard  Electric  Time  Co. 


frequency  may  be  compared  periodically  with  these  signals 
and  under  suitable  circumstances  one  may  therefore  have 
either  a  primary  frequency  standard,  checked  in  terms  of 
time,  or  a  timepiece  the  reliability  of  which  may  be  checked 
at  frequent  intervals. 

The  General  Radio  Company’s  primary  frequency  standard 
(Figure  14)  can  serve  this  dual  purpose.  It  consists  of  a  master 
50-kilocycle  oscillator  with  means  for  multiplying  or  subdividing 
this  frequency  and  in  the  latter  case  for  obtaining  an  output  of 
suitably  low  frequency  to  drive  a  synchronous  motor  (clock). 
As  a  source  of  electrical  oscillations,  frequencies  from  one  pulse  a 
second  to  several  megacycles  can  be  obtained  from  this  equip¬ 
ment. 

The  instrument  consists  of  a  power  supply  operating  from  the 
ordinary  alternating  current  mains,  115  or  230  volts,  50  to  60 
cycles;  and  the  master  oscillator,  the  frequency  of  which  is  con¬ 
trolled  by  a  quartz  bar 
ground  and  adjusted  to 
within  1  part  in  10,000,000 
of  its  specified  frequency 
in  terms  of  standard  time. 
This  crystal  is  also  thermo- 
stated  to  within  0.01°  C., 
reducing  ambient  tempera¬ 
ture  errors  to  no  more  than 
0.2  part  in  10,000,000. 
Multiplication  or  subdivi¬ 
sion  of  the  fundamental 
frequency  is  obtained  by 
several  stages  of  relaxation 
oscillators  called  multivi¬ 


brators.  Thej'  are  characterized  by  an  abundance 
of  harmonics  (several  hundred)  and  suscepti¬ 
bility  to  control  by  an  introduced  voltage  whose 
frequency  lies  near  their  fundamental  on  a  low- 
order  harmonic  frequency'.  In  performing  this 
function  they  act  as  slave-oscillators,  maintain¬ 
ing  the  same  precision  as  the  master  oscillator. 

The  synchronometer  shown  in  the  center  of 
the  top  panel  effectively  counts  the  number  of 
cycles  executed  by  the  standard  piezoelectric 
oscillator  in  a  standard  time  interval.  A  mi¬ 
crodial  contactor,  operating  once  each  50,000 
cycles  of  the  standard  oscillator,  is  provided 
for  comparison  with  time  signals.  The  accuracy 
of  this  and  all  other  frequencies  is  better  than  ±5 
parts  in  10,000,000  over  periods  of  several  months. 
In  terms  of  time  this  is  less  than  1  second  per  month!  Since  time 
comparisons  can  be  made  several  times  daily,  the  frequency  (or 
time)  is  known  with  a  high  degree  of  precision  at  all  times. 

Closely  related  to  time  measurements  are  the  services 
rendered  by  a  stroboscope,  a  convenient  and  versatile  form 
of  which  is  shown  at  the  left  of  Figure  15.  With  its  aid, 
a  moving  object  may  be  viewed  intermittently,  thus  pro¬ 
ducing  the  optical  effect  of  slowing  down  or  arresting  the 
motion. 

The  Strobotac  is  a  portable  stroboscope  calibrated  to  read 
speed  directly  in  revolutions  per  minute.  The  fight  source  is  a 
special  neon  lamp  mounted  in  a  parabolic  reflector.  It  is  driven 
by  a  relaxation  oscillator  and  the  flashing  speed  can  be  varied  by 
a  direct-reading  dial  to  any  value  between  600  and  14,400 
r.  p.  m.  Provision  is  also  made  for  control  by  an  external  con¬ 
tactor  or  by  the  alternating  current  fine  frequency.  The  instru¬ 
ment  can  be  standardized  at  any  time  from  a  frequency-controlled 
power  fine  by  means  of  the  vibrating  reed,  which  can  be  seen  in 
the  lower  part  of  the  reflector. 

The  unit  shown  on  the  right  in  Figure  15  provides  a  power  sup¬ 
ply  and  lamp  for  higher  intensities.  It  furnishes  about  one 
hundred  times  as  much  fight  as  the  Strobotac.  It  can  be  con¬ 
trolled  by  the  latter  or  by  an  external  contactor,  alternating 
current  line,  or  other  oscillator.  The  flashing  range  is  up  to  1000 
per  second.  It  is  well  suited  among  other  things  for  photography 
with  a  continuous-film  camera  for  speeds  up  to  100  frames  per 
second.  With  both  units  considerable  extension  of  the  range  is 
possible  by  making  use  of  multiples  of  the  flashing  speed  (up  to 
100,000  r.  p.  m.  for  the  Strobotac),  and  by  multiple  images  one 
can  go  somewhat  below  the  normal  lower  limit  of  speed. 


Courtesy,  General  Radio  Co. 

Courtesy,  General  Radio  Co. 

Figure  14.  Primary  Fre¬ 
quency  Standard  Figure  15.  Strobotac 
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Temperature  Production,  Measurement,  and 
Control 

The  few  examples  which  are  included  here  are  concerned 
primarily  with  laboratory  applications  and  not  with  indus¬ 
trial  temperature  recorders  and  controllers. 

A  New  Combustion  Furnace.  A  vertical-type  combus¬ 
tion  furnace,  designed  primarily  for  the  determination  of 
carbon  in  iron  and  steel,  is  shown  in  Figures  16  and  17. 
Chief  among  the  advantages  are  the  small  bench  space  re¬ 
quired  and  the  use  of  mechanical  loading. 

The  sectional  diagram  shows  the  constructional  details.  A 
vertically  moving  plunger  supports  the  sample,  directly  centered, 
in  the  heating  zone,  and  also  makes  a  gas-tight  seal  at  the  lower 
end  of  the  combustion  tube.  When  the  plunger  is  lowered,  the 
receiving  end  for  the  crucible  is  on  a  level  with  a  swinging  load¬ 
ing  shelf  which  holds  the  next  sample.  While  one  determination 
is  being  finished  (weighing  the  carbon  dioxide  absorption  tube) 
the  next  sample  is  being  preheated,  awaiting  the  admission  of 
oxygen. 

The  furnace  has  the  customary  steel  shell  enclosure  with  suit¬ 
able  insulation  surrounding  a  helical  coil  of  alloy  No.  10,  capable 
of  being  operated  continuously  at  2300°  F.,  though  2050°  F. 
has  been  found  satisfactory.  . 

The  relative  speed  of  operation  for  1-gram  samples  is  said  to 
be  3  minutes  under  conditions  requiring  10  minutes  for  the  old 
style  of  furnace. 

Temperature  Measurements.  The  International  tem¬ 
perature  scale  is  defined  in  terms  of  the  platinum  resistance 
thermometer  in  the  range  of  —190°  to  660°  C.  Practically 


Courtesy ,  Hevi  Duty  Electric  Co. 
Figure  16.  Combustion  Furnace 


every  manufacturer  of  temperature-measuring  devices  of  all 
classes  uses  or  has  access  to  a  platinum  resistance  thermome¬ 
ter  and  the  necessary  electrical  instruments.  On  this 
basis,  secondary  standards  can  be  maintained  for  all  classes 
of  thermometric  devices.  Resistance  thermometers  in  gen¬ 
eral  are  widely  used,  the  platinum  type  as  standards  of  high 
accuracy  and  nickel  elements  for  somewhat  higher  sensitivity 
and  use  in  industrial  recorders  and  controllers. 


Courtesy ,  Hevi  Duty  Electric  Co. 

Figure  17.  Furnace  Used  in  Car¬ 
bon  Determinations 


Glass  thermometers  are  made  in  great  variety  and  for  many 
special  purposes.  The  search  for  improvement  continues 
unabated — for  greater  precision,  stability,  and  ease  of  read¬ 
ing. 

Figure  18  illustrates  typical  modem  thermometers  of  boro- 
silicate  glass  of  the  total-immersion  type,  one  fitted  with  nickel- 
plated  steel  armor.  Details  which  are  not  immediately  ap¬ 
parent  but  are  reflected  in  performance  of  a  good  thermometer 
are  the  use  of  uniform  flat-bore  tubing  (oval  cross  section),  im¬ 
proved  expansion  chambers,  deep  etching  of  graduations  and  the 
use  of  durable  pigments  therein,  and  pressure  filling  with  an  inert 
gas. 

Dial  Thermometers.  Bimetallic,  dial  temperature  gages 
for  general  laboratory  and  industrial  use  are  finding  increased 
applications. 

The  gage  shown  in  Figure  19  is  of  the  heavy-duty  type  with  a 
stainless  steel  connection  nut  for  standard  0.5-inch  pipe.  The 
scale  has  a  length  of  9  inches  on  a  5-inch  diameter  head.  For 
correct  indications  a  stem  immersion  of  at  least  2  inches  is  re¬ 
quired  in  liquids  and  4  inches  in  gases.  The  accuracy  is  within 
1  per  cent  of  the  range  over  the  entire  scale.  Another  series, 
designated  as  testing  thermometers,  is  accurate  to  0.5  per  cent 
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Courtesy,  C.  J . 
Taglidbue  Mfg.  Co. 

Figure  18. 
Borosilicate 
Glass  Total- 
Immersion 
Thermometers 


Courtesy ,  Weston  Electrical 
Instrument  Cory. 

Figure  19.  Dial  Thermom¬ 
eter,  Heavt-Duty  Type 


of  the  range.  From  a  wide  choice  of  ranges 
(Fahrenheit  and  Centigrade)  temperatures 
between  —100°  and  400°  C.  can  be 
measured. 

Burling  Heat  Controls.  These  in¬ 
struments  operate  on  the  principle  of 
differential  expansion  of  solids,  Figure  20. 

The  expanding  element  is  carried  in  an 
alloy  tube  rigidly  fastened  to  the  head. 
Motion  is  communicated  to  a  rocker  arm 
mounted  on  ample  bearings  with  stainless 
steel  bearing  pins.  The  free  end  carries 
adjustable  pins  that  operate  the  micro¬ 
switches,  which  are  characterized  by  the 
very  small  displacement  necessary  for  posi¬ 
tive  action.  The  model  shown  here  is  fitted 
with  two  switches,  which  make  it  possible 
to  (1)  control  heating  or  cooling  or  both, 
(2)  control  the  temperature  and  give  either  a  high  or  low  limit 
device,  (3)  give  either  two-  or  three-step  control,  (4)  give  floating 
control  with  reversing  control  motors,  or  (5)  give  two-  or  three- 
speed  control  of  auxiliary  motors. 

These  controls  are  available  in  tubes  of  any  specified  metal  or 
alloy,  for  temperature  ranges  from  —100°  to  1400°  F.,  with 
special  tubes  up  to  1600°  or  1800°  F.  The  operating  differen¬ 
tials  vary  inversely  as  the  length  of  the  tube  exposed  to  changing 
temperatures,  varying  from  ±0.25°  to  ±25°  F.  The  switches 
have  the  usual  rating  for  this  class:  of  the  order  of  1250  watts’ 
noninductive  load. 


(For  descriptions  of  precision  thermoregulators,  see  page 
629.) 

Leeds  &  Northrup  Optical  Pyrometer.  For  many 
years  the  disappearing-filament  type  of  optical  pyrometer 
has  been  used,  in  which  the  image  of  a  small  lamp  filament  is 
matched  against  the  field  produced  by  the  incandescent  ob¬ 
ject  which  is  being  measured.  A  milliammeter  measures  the 
lamp  current,  and  from  suitable  calibration  data  the  tem¬ 
perature  may  be  determined.  The  chief  difficulty  has  been 
with  the  meter,  which  often  became  fouled  by  magnetic  im¬ 
purities,  dust,  etc.,  drawn  into  the  case  by  abrupt  tempera¬ 
ture  changes  when  the  instrument  was  carried  from  a  hot 
to  a  cool  location. 

In  Figure  21  is  shown  a  new  and  improved  optical  pyrome¬ 
ter  which  replaces  its  well-known  predecessor  on  the  left. 
The  two  illustrate  the  radical  advances  in  the  design  of  in¬ 
struments.  More  important  differences  are  to  be  found  in¬ 
side  the  instrument.  A  potentiometric  system  is  employed 
instead  of  the  lamp  current  measuring  milliammeter.  The 


Courtesy,  Burling  Instrument  Co. 


These  controls  have  a  high  degree  of  reliability,  accuracy, 
and  simplicity. 


Figure  20.  Thermal  Expansion  Type  of  Heat 
Control 


Courtesy,  Leeds  &  Northrup  Co. 


Figure  21.  Optical  Pyrometer  (Left,  Previous  Model;  Right,  Potentiometer  Type,  Latest  Model) 
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Courtesy,  E.  H .  Sargent  &  Co. 

Figure  22.  Constant-Temperature  Water  Bath 


circuit  has  been  described  by  Machler  ( 2 4)  and  his  paper 
should  be  consulted  for  more  complete  details. 


vacuum  and  pumping  speed 
purities. 


incandescent  lamps,  x-ray 
tubes,  electron  tubes,  and 
more  recently  molecular 
distillation  on  a  semiplant 
scale. 

Figure  23  illustrates  one 
of  a  series  of  efficient  pumps 
which  have  been  developed 
for  the  exacting  require¬ 
ments  of  modern  practice. 
It  is  an  all-glass,  3-compart¬ 
ment,  2-jet  diffusion  pump. 
Using  Octoil-S  as  a  pump 
oil  if  will  produce  a  pressure 
of  5  X  10~7  mm.  with  air 
cooling  and  without  a  cold 
trap.  A  backing  pressure 
of  only  0.20  mm.  is  required 
and  at  10~4  mm.  pressure 
the  pumping  speed  is  12 
liters  per  second.  The 
heaters  are  operated  in 
series  with  a  rheostat  from 
a  110-volt  line.  Various 
models  are  available  with 
pumping  speeds  ranging 
from  3  to  220  liters  per 
second,  producing  pressures 
from  10-6  to  5  X  10“8  mm. 
In  most  cases  still  lower 
pressures  may  be  attained 
if  a  cooled  trap  is  employed. 
An  exclusive  feature  is  the 
design  which  effects  con¬ 
tinuous  purification  of  the 
pump  oil  during  operation, 
thus  maintaining  the  high 
and  continuously  rejecting  im- 


To  avoid  excessive  drain  on  the  standard  cell,  an  ingenious 
follow-up  mechanism  is  coupled  to  the  shaft  of  the  slide  wire 
which  adjusts  the  lamp  current,  maintaining  the  potentiometer 
in  approximate  balance  at  all  tunes.  The  final  balance  adjust¬ 
ment  does  not  disturb  the  lamp  current.  The  galvanometer  is 
doubly  protected  against  magnetic  dust  by  its  own  closed  con¬ 
tainer  and  the  general  filter  arrangement  of  the  whole  case.  In 
any  case,  dust  could  not  affect  the  calibration  of  the  pyrometer; 
it  could  only  impair  the  sensitivity  of  setting.  The  instrument 
can  quickly  be  adapted  to  measure  temperatures  of  objects  down 
to  0.01  inch  in  diameter  and  smaller. 

The  new  pyrometer  is  faster  and  easier  to  operate  and  requires 
no  calibration  chart,  and  despite  all  the  new  improvements 
weighs  a  third  less  than  the  earlier  instrument.  Complete  details 
may  be  found  in  the  manufacturer’s  Catalog  N-33D. 

Sargent  Constant-Temperature  Water  Bath.  A 
thermostat  providing  a  large  unobstructed  working  area, 
with  guaranteed  accuracy  of  regulation  and  uniformity  of 
0.01°  C.,  is  shown  in  Figure  22. 

The  compact  central  tower  contains  heating  units  and  an 
efficient  screw  impeller  for  circulation.  The  heat  transfer  is  fast 
and  efficient.  The  unit  occupies  only  20  per  cent  of  the  total 
surface  area.  A  mercury  regulator  is  fastened  to  this  unit  and  a 
socket  is  provided  for  introducing  a  Beckman  thermometer.  A 
removable  cooling  coil  is  provided,  as  well  as  a  constant-level  de¬ 
vice.  A  heavy  flexible  cable  connects  with  the  electronic  control 
cabinet,  which  is  provided  with  main  switch,  switch  for  an 
auxiliary  heater,  and  pilot  lamp.  The  container  is  a  transparent, 
heavy  molded  Pyrex  jar  with  0.25-inch  wall,  drilled  for  the  con¬ 
stant-level  device,  and  with  the  top  rim  ground.  A  protective 
dust  cover  of  heavy  aluminum  in  two  halves  may  be  obtained. 

This  very  efficient  unit  is  well  designed,  compact,  and  provides 
a  large  amount  of  free  working  space.  The  clear  transparent 
walls  are  a  distinct  advantage  for  many  types  of  observation. 

High  Vacuum  and  Measurement  and  Control  of 

Gases 


Metal  pumps  embodying  the  same  features,  but  using 
cooling  water,  are  available  as  high-speed  fractionating  units 
and  are  particularly  suited  to  the  exhaustion  of  large  systems 
such  as  cyclotrons,  vacuum  spectrographs,  vacuum  furnaces, 
and  radio  transmitting  tubes.  Again,  no  cold  trap  is  required. 
They  can  be  designed  for  pumping  speeds  as  high  as  1000 
liters  per  second. 

For  use  in  these  pumps,  several  new  organic  fluids  of  very 
low  vapor  pressure  have  been  synthesized,  which  are  more 


Modem  research  continues  to  make  increasing  demands  on 
high-vacuum  technique.  Many  industries  require  the  pro¬ 
duction,  and  measurement  or  control  of  high  vacua— i.  e., 


Courtesy ,  Distillation  Products ,  Inc. 

Figure  23.  All-Glass  Diffusion  Pump 
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Courtesy,  Distillation  Products,  Inc. 

Figure  24.  Pirani  Gage 


earliest  types  were  little  more  than  an  ordinary  triode  sealed 
into  the  high-vacuum  line.  The  necessary  degassing  was 
usually  accomplished  by  electron  bombardment  of  the  metal 
parts  and  flaming  of  the  glass  envelope.  The  gage  shown  in 
Figure  25  was  specially  designed  for  pressure  measurements 
and  among  its  distinctive  features  is  special  provision  for 
degassing  of  the  elements. 

The  grid  is  in  the  form  of  a  spiral  and  two  leads  are  available, 
in  order  that  this  element  may  be  heated  electrically.  By 
bringing  the  grid  to  incandescence  for  a  few  minutes  it  will  be 
completely  degassed.  The  plate  is  not  introduced  as  a  separate 
element  but  consists  of  a  thin  coating  on  the  inside  wall.  Since 
the  envelope  is  made  of  hard  glass  it  may  be  safely  torched  with  a 
flame,  in  this  way  driving  occluded  or  adsorbed  gas  from  the 
plate.  Electrical  connection  to  the  collector  plate  is  made  with  a 
glass-to-metal  seal,  which  eliminates  the  usual  danger  of  cracking 
at  this  point. 

The  principle  of  operation  is  similar  to  that  of  ionization 
manometers  in  general  and  an  electrically  heated  filament  serves 
as  a  source  of  electrons.  The  electrons  are  accelerated  to  the 
grid  by  a  potential  of  about  100  volts.  Residual  gas  is  ionized  by 
electron  bombardment  and  the  positive  gas  ions  are  drawn  to  the 
negatively  charged  collector  plate.  Over  a  considerable  range 
the  logarithm  of  the  plate  current  is  a  linear  function  of  the 
pressure.  In  this  particular  gage  a  sensitivity  of  200  microam¬ 
peres  per  micron  may  be  assumed;  thus  a  current  of  20  micro¬ 
amperes  denotes  a  pressure  of  10~4  mm.  Other  values  of  grid 
voltage  or  plate  voltage  may  be  employed,  depending  on  the 
conditions  of  operation  and  the  value  of  the  prevailing  gas  pressure. 


Table  I.  Ultimate  Vacuum  of  Pump  Fluids 


Name  B. 

P.  at  10  Mm. 

0  C. 

Ultimate  Vacuum 
Mm. 

Amoil  (n-amyl  phthalate) 

100.0 

2.5  X  10-s 

Amoil-S  (n-amyl  sebacate) 

111.0 

3.1  X  10-6 

Octoil  (2-ethyl  hexyl  phthalate) 

122.5 

2.5  X  10-’ 

Octoil-S  (2-ethyl  hexyl  sebacate) 

143.5 

5  X  10-« 

Butyl  phthalate  (special) 

85.0 

10-" 

stable  than  compounds  previously  available.  The  values 
given  in  Table  I  indicate  the  ultimate  vacuum  as  measured 
with  an  ionization  manometer  at  25°  C.  using  a  4-compart- 
ment,  3-jet  pump  without  a  cooling  trap. 

Measurement  of  High  Vacua.  The  well-known  mono¬ 
graphs  on  the  production  and  measurement  of  high  vacua 
by  Goetz,  Dushman,  Kaye,  and  Dunoyer  all  give  complete 
discussions  of  the  technique  of  these  operations.  Distillation 
Products,  Inc.,  has  supplemented  its  valuable  series  of  pumps 
by  very  convenient  rugged  units  for  the  rapid  measurement 
of  low  pressures. 

The  Pirani  gage  shown  in  Figure  24  reads  the  pressure  in  a  high- 
vacuum  system  directly  with  no  computation  or  conversion  fac¬ 
tors.  It  has  a  double  range,  0  to  20  microns  and  0  to  0.75  mm. 
It  is  continuous  in  operation,  and  readings  taken  at  any  instant 
include  the  total  pressure  of  the  condensable  vapors  as  well  as 
the  permanent  gases  that  are  present  in  the  system. 

The  gage  proper  consists  of  two  carefully  matched  tubes 
fastened  together  by  a  clamp  with  a  9-foot  cord  connecting  to  the 
indicator  unit.  One  tube  is  open,  ready  to  be  sealed  into  the 
vacuum  line,  and  the  other  is  permanently  sealed  off.  The  effect 
of  ambient  temperature  is  canceled  by  the  proximity  of  the  two 
tubes  and  their  careful  initial  matching.  A  measurement  is  made 
by  adjusting  the  filament  to  3  volts  (meter  on  the  right)  and  then 
reading  the  pressure  on  either  of  the  two  scales  which  can  be 
selected  by  the  switch.  Any  zero  shift  which  may  arise  from  ex¬ 
tended  use,  and  which  is  due  to  a  change  in  the  radiation  proper¬ 
ties  or  resistance  of  the  filament,  may  be  corrected  readily  by 
evacuating  the  open  Pirani  tube  to  10~4  mm.  or  less  and  re¬ 
adjusting  the  bridge  balance.  The  operation  is  facilitated  by 
using  a  McLeod  gage  as  a  standard,  and  a  cold  trap  to  eliminate 
condensable  vapors. 

The  micron  scale  has  a  high  sensitivity,  3  mm.  per  micron. 
The  unit  responds  immediately  to  any  change  in  pressure  and 
hence  may  be  easily  adapted  to  the  automatic  control  of  vacuum 
systems. 

Ionization  Gage.  The  ionization  gage  is  one  of  the  most 
sensitive  devices  for  measuring  very  low  pressures.  The 


Courtesy,  Distillation  Products,  Inc. 

Figure  25.  Ionization  Gage 


Numerous  circuits  have  been  described  in  the  literature  for 
operating  ionization  manometers.  A  number  of  them  con¬ 
tain  provision  for  automatically  maintaining  the  grid  current 
constant. 

The  ionization  manometer  has  been  used  for  many  years, 
but  the  present  offering  is  particularly  welcome  because  it 
possesses  so  many  convenient  and  distinctive  features. 

Rotameters.  The  rotameter  is  a  flow-rate  meter  of  the 
variable-area  type  which  accurately  measures  the  flow  of 
gases,  vapors,  or  liquids.  Gas  or  vapor  flows  of  as  low  as 
5  ml.  per  minute  can  be  measured  or,  in  industrial  sizes,  up  to 
thousands  of  cubic  feet  per  minute. 

The  essential  part  of  a  rotameter  consists  of  a  transparent 
tapered  tube  set  in  a  vertical  position  with  the  large  end  at  the 
top.  Inside  the  tube  is  a  plumb-bob  shaped  float  which  is  sup¬ 
ported  only  by  the  velocity  head  of  the  fluid  stream  which  enters 
from  the  bottom  of  the  tube.  Graduations  on  the  tube  enable  the 
observer  to  read  the  position  of  the  float  and  hence  determine  the 
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rate  of  flow.  Rotation  of  the  float  is  obtained  by  cutting  slantwise 
slots  in  its  head.  The  rotation  helps  to  maintain  the  float  in  the 
center  of  the  tube,  and  also  serves  to  throw  off  dirt  or  bubbles 
which  would  otherwise  change  the  calibration. 

Figure  26  shows  a  laboratory  model  for  very  low  flow  rates  and 
a  large  armored  type  for  the  industrial  measurement  of  high  flow 
rates  Pyrex  tubes  are  used,  although  tubes  of  transparent  plastic 
materials  are  also  possible.  A  wide  choice  of  materials  is  avail¬ 
able  for  the  floats,  depending  on  the  weight  and  desired  chemical 
inertness.  Steel  and  bronze  are  most  common,  although  platinum, 
tantalum,  silver,  lead,  glass,  rubber,  plastics,  and  aluminum  have 

^AlMihe  tapered  glass  tubes  used  in  the  Fischer  &  Porter 
rotameters— up  to  and  including  4-inch  size— are  held  to  exact 
tolerances  and  are  interchangeable,  the  tolerance  being  ^  0.000b 
inch  for  the  largest  tubes  and  ±0.0002  inch  for  others.  The  inner 
surface  is  mirror-smooth.  The  very  uniform  bore  and  taper  are 
achieved  by  heating  the  glass  to  a  semiplastic  condition  and 
shrinking  it  on  an  accurately  ground  and  polished  rotating 
mandrel.  Careful  annealing  removes  any  residual  strains. 

The  readability  of  these  instruments  is  another  advantage, 
since  the  graduations  are  uniformly  spaced  and  not  crowded  to¬ 
gether  at  one  end  as  in  orifice-type  flowmeters. 


Recently  the  use  of  rotameters  has  been  greatly  simplified 
by  the  development  of  a  new  float  design  which  renders  the 
flow  readings  independent  of  viscosity.  Viscosities  of  fluids 
being  metered  may  now  be  increased  as  much  as  tenfold  with¬ 
out  producing  a  noticeable  error  in  the  flow  readings. 

The  many  types  of  rotameters  and  diverse  applications 
cannot  be  discussed  here.  Extensions  of  the  general  principle 
of  the  rotameter  and  accessories  for  remote  reading  and  sig¬ 
naling  are  all  discussed  in  the  literature  and  in  bulletins 
of  the  manufacturer. 


Courtesy ,  Fischer  &  Porter  Co. 

Figure  26.  Laboratory  and  Industrial 
Style  Rotameters 


Gas  Regulators  and  Valves.  Within  the  last  few 
years  there  has  been  increasing  need  for  safe  and  convenient 
control  of  gas  deliveries  at  high  pressures.  Higher  pressures 
are  being  used  in  such  applications  as  potential  gum  tests, 
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Figure  28.  Needle  Valve 
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Small  details,  which  are  incidental  to  the  manu¬ 
facture  of  these  cells  and  not  immediately  apparent, 
contribute  to  the  maintenance  of  these  close  toler¬ 
ances — for  example,  the  very  careful  purification 
of  all  cell  materials,  temperature-controlled  anneal¬ 
ing  of  the  H  vessels  and  their  examination  for 
residual  strains  in  polarized  light,  and  the  use  of 
plastic  caps  for  protecting  the  lead-in  wires. 

The  checking  of  standard  cells  involves  very 
elaborate  equipment,  and  although  the  operation  is 
incidental  to  the  manufacture  of  commercial  cells, 
the  measuring  equipment  and  precautions  observed 
in  its  use  are  not  excelled  in  any  research  laboratory. 

Figure  30  shows  the  installation  at  the  Eppley  Labo¬ 
ratory.  Two  oil  baths,  heavily  lagged,  are  so  designed 
that  no  part  of  the  metal  of  the  bath  in  contact  with 
the  heated  oil  projects  into  the  room,  except  the  stirrer 
shaft.  One  bath  will  hold  one  hundred  cells,  com¬ 
pletely  immersed.  Temperatures  are  read  with  a 


ultrafiltration,  accelerated  age  testing,  high-pressure  hy¬ 
drogenation,  and  bomb  colorimetry. 


*  * 

*  s  %  * 


The  regulator  shown  in  Figure  27  is  characterized  by  low  cost, 
safety,  and  convenience  in  inspection  and  repair.  It  is  easy  to 
adjust,  owing  to  the  use  of  special  alloy  bushings  that  reduce 
thread  wear.  The  bearing  end  of  the  adjusting  screw  is  fitted 
with  a  stainless  steel  ball  which  also  facilitates  adjustment. 

In  two  standard  types  these  regulators  are  available  for  delivery 
pressures  up  to  550  and  1000  pounds  per  square  inch  and  for 
cylinder  pressures  of  3000  pounds  per  square  inch. 

Some  nice  points  of  modern  design  are  apparent  in  the  corrosion- 
resistant  needle  valves  of  the  same  manufacturer.  General 
views  of  the  angle  pattern  and  straight  pattern  of  these  valves  are 
seen  in  Figure  28  (above)  while  a  cross-sectional  view  is  given 
below.  The  valve  incorporates  a  full-floating  spindle ,  the  design  Figure  30. 

of  which  is  such  that  a  high  degree  of  concentricity  is  attained. 

The  packing  material  is  located  below  the 
spindle  thread,  preventing  corrosive  material 
from  coming  in  contact  with  the  threads. 

The  taper  of  the  lower  portion  of  the  spindle 
is  2°,  affording  ease  of  adjustment  and  con¬ 
trol  at  small  fluid  flows.  Spindle  points  are 
available  in  heat-treated  chrome  steel,  Hastel- 
loy  C,  and  Z  nickel. 

Electrical  and  Electronic 
Instruments 

Standard  Cells.  The  standard  cell 
continues  to  remain  one  of  our  most  im¬ 
portant  fundamental  electrical  standards. 

Unceasing  research  seeks  further  improve¬ 
ments,  but  even  the  maintenance  of  exist¬ 
ing  internationally  accepted  values  requires 
unremitting  care  and  the  best  resources  of 
instrumentation. 

The  standard  cell  shown  in  Figure  29,  both 
mounted  and  unmounted,  is  the  cadmium, 
unsaturated  type,  guaranteed  to  be  within  0.01 
per  cent  of  the  certified  value  and  possessing 
a  negligible  temperature  coefficient.  Internal 
resistances  are  less  than  500  ohms,  but  in  an¬ 
other  type  at  slightly  higher  cost  cells  may  be 
had  with  internal  resistances  no  greater  than 
100  ohms,  these  being  specially  adapted  for  use 

with  deflection  potentiometers.  Figure  31. 


Courtesy,  Eppley  Laboratory , 

Laboratory  for  Calibration  of  Standard 
Cells 
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Courtesy,  Rubicon  Co v 

Microvolt  Double-Potentiometer 


Figure  29. 
Standard  Cell, 
Mounted  and  Un¬ 
mounted 

Courtesy ,  Eppley 
Laboratory 


ANALYTICAL  EDITION 


585 


OCTOBER  15,  1940 

platinum  resistance  thermometer  and  a  modified  type  of  Mueller 
bridge  oil-immersed  with  temperature  control.  Regulation  of 
temperature  is  within  0.01°  C.  A  special  type  of  potentiometer 
and  an  improved  Feussner,  both  direct-reading,  can  be  used  lor 
comparing  the  e.  m.  f.  of  the  unknown  with  that  of  the  standard. 
Difference  measurements  can  be  made  by  a  modification  of  the 
method  of  Lindeck  and  Rothe  (20),  which  is  free  of  parasitics  of 
thermal  origin  and  introduces  a  net  compensating  potential  from 
a  local  circuit,  the  current  in  which  can  be  read  on  a  microam- 
meter. 

Rubicon  Microvolt  Double-Potentiometer.  This  in¬ 
strument,  shown  in  Figure  31,  serves  primarily  for  the  accurate 
measurement  of  very  low  electromotive  forces,  the  aim  being 
to  produce  an  instrument  in  which  the  residual  e.  m.  f.  of 
thermal  origin  should  not  exceed  0.01  microvolt. 


Courtesy,  G-M  Laboratories,  Inc. 


Figure  32.  Taut-Suspension  Gal¬ 
vanometer  with  Enclosed  Lamp  and 
Transformer 


It  involves  the  elimination  of  sliding  switch  contacts  in 
the  potential  circuit,  minimization  of  temperature  differences 
at  metal  junctions,  good  thermal  shielding,  and  use  of  the 
Wenner  switch  for  reversing  the  galvanometer  leads  to  estimate 
thermal  residuals.  These  improvements  have  been  discussed  in 
publications  from  the  National  Bureau  of  Standards  (33), 
These  and  other  improvements  are  embodied  in  this  instrument. 
Two  decade  dials  cover  99  per  cent  of  the  range  with  an  accuracy 
of  0.01  per  cent.  The  remaining  1  per  cent  of  the  range  is  read 
on  the  scale  of  the  meter  from  -10  to  +H0  microvolts  (or  deci¬ 
mal  fractions  thereof).  The  meter  indications  are  based  on  the 
use  of  the  Lindeck  method.  The  model  illustrated  here  is  a 
double-potentiometer,  which  is  especially  convenient  for  measur¬ 
ing  e.  m.  f.  from  two  sources  in  rapid  succession,  without  resetting 
the  various  controls.  Provision  is  also  made  for  measuring  the 
potential  of  a  difference  couple  by  the  deflection  method. 


Galvanometers.  Galvanometers  are  essential  for  nu¬ 
merous  electrical  measurements;  they  are  necessary  ad¬ 
juncts  to  potentiometers  and  bridges.  Dozens  of  types  are 
available  for  special  requirements,  and  of  these  we  may  men¬ 
tion  one  which  has  found  numerous  applications  in  the 
chemical  field. 


Table  II.  Ranges 

(Weston  Model  772  analyzer) 
Current 


D.  C. 
Volts 

A.  C. 
Volts 

(D.  C.  Only) 
Milliamperes 

Decibels 

Ohms 

2.5 

2.5 

0.1 

-14  to  +  2 

0  to  3000 

10 

10 

1 

-  2  to  +14 

0  to  30,000 

50 

50 

10 

+  12  to  +28 

Megohms 

0  to  3 

250 

250 

50 

+26  to  +42 

0  to  30 

1000 

1000 

250 

+  38  to  +54 

Amperes 


1 

10 


As  shown  in  Figure  32,  it  is  of  the  taut-suspension  type  and  is 
provided  with  lamp  and  scale.  The  galvanometer  mirror  pro¬ 
jects  a  sharp  black  index  line  in  an  illuminated  field  on  the 
translucent  scale  set  at  45°.  The  model  shown  is  provided  with 
an  enclosed  transformer  for  operating  the  6-volt  lamp  from  the 
110-volt  alternating  current  line.  Sensitivities  range  from 
2  X  10~7  to  2  X  10~8  ampere  per  mm.  division  with  coil  resist¬ 
ances  ranging  from  22  to  1 100  ohms.  The  coil  period  is  4  seconds 
for  all  ranges.  The  scale  length  is  80  mm.  with  a  mirror-to-scale 
distance  of  170  mm. 

Weston  Analyzer.  There  are  frequent  occasions  in  the 
laboratory  when  an  electrical  measurement  is  required  and 
where  a  precision  of  a  few  per  cent  will  suffice.  Very  often, 
little  more  than  the  order  of  magnitude-  is  desired.  To  have 
suitable  instruments  for  alternating  and  direct  current  volt¬ 
ages,  for  currents  ranging  from  microamperes  to  amperes, 
and  for  resistances  from  a  few  ohms  to  megohms  requires  a 
considerable  investment.  Circuit  analyzers  similar  to  the 
one  shown  in  Figure  33  are  almost  indispensable.  With  an 
accuracy  of  2  per  cent  on  direct  and  3  per  cent  on  alternating 
current,  one  can  determine  with  this  portable  unit  over  a 
wide  range  the  quantities  indicated  in  Table  II.  The 
meter  is  a  50-microampere  4.25-inch  instrument  with  a  sen¬ 
sitivity  of  20,000  ohms  per  volt  on  direct  and  1000  ohms 
per  volt  on  alternating  current. 

It  is  surprising  to  note  how  many  first-class  research  labo¬ 
ratories  are  not  equipped  with  instruments  of  this  kind. 

Phototubes.  Phototubes  of  varied  characteristics  are 
manufactured  in  enormous  quantities  for  use  inbound  pic¬ 
tures  and  numerous  industrial  applications,  which  include 
counting  and  sorting  operations,  spray-gun  control  for  paint¬ 
ing,  illumination  control,  color  matching,  smoke  measure¬ 
ment  and  control,  turbidity,  liquid  level,  pyrometry,  registra- 


Courtesy,  Weston  Electrical  Instrument  Corp. 

Figure  33.  Circuit  Analyzer 
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Figure  34.  Phototubes 


Courtesy f  Radio  Corporation  of  America 


tion  control  for  printing  or  cutting  paper,  webstraightening 
control  in  textile  machinery,  etc. 

Cells  of  almost  any  desired  spectral  characteristics  can 
be  obtained  in  glass,  Corex,  or  quartz  envelopes,  of  either 
the  high-vacuum  or  gas-fitted  type. 


the  cells  shown  m  ligure  35,  made  by  the 
G-M  Laboratories,  cover  a  wide  range  of 
style,  emitting  surface,  and  spectral  response. 
This  company  was  one  of  the  pioneers  in 
the  commercial  production  of  photoelectric 
cells,  and  has  made  numerous  special  cells  on 
request  for  photometric  problems. 

Manufacturers  of  these  cells  can  supply 
complete  data  for  all  types,  fisting  dimen¬ 
sions,  nature  of  surface  and  envelope,  spec¬ 
tral  response,  sensitivity  in  microamperes 
per  lumen,  operating  voltages,  and  general 
service  recommendations.  It  is  not  possible 
to  reproduce  all  these  data  here. 

(For  description  of  photoelectric  controllers, 
see  page  629.) 

Electron  Multiplier  Tubes.  More 
than  90  per  cent  of  all  photoelectric  ap¬ 
plications  employ  the  emissive  type  of  cell, 
usually  with  an  appropriate  amplifier. 
Since  amplifier  tubes  are  available  in  such 
profusion  of  style  and  characteristic,  almost 
any  application  in  the  hands  of  an  electronics 
expert  requires  little  more  than  a  careful  and 
complete  statement  of  the  problem.  Many 
years  ago  a  photocell  and  amplifier  tube  were  incorporated 
in  one  envelope  by  Zworykin.  He  and  his  co-workers  at 
R.  C.  A.  are  largely  responsible  for  the  modern  improved 
equivalent  of  this  principle — the  multiplier  tube. 


Some  representative  R.  C.  A.  phototubes  are  shown  in  Figure 
34.  Although  designed  for  more  or  less  specific  problems,  they 
have  many  uses,  suited  to  their  particular  characteristics.  The 
924  with  screw-type  base  was  designed  for  use  in  animated  signs 
of  the  silhouette  type;  it  is  also  suitable  for  relay  work.  The  927 
is  a  small  gas  tube  for  sound-track  pickup.  The  918  is  a  high- 
sensitivity  gas-type  cell.  The  929  is  a  new  type  of  high-vacuum 
tube  especially  sensitive  in  the  blue  and  near  ultraviolet. 


71A  75A  79A 


Figure  35.  Phototubes  Courtesy,  G-M  Laboratories,  Inc. 


As  shown  in  Figure  36,  amplification  of  the  primary  photo¬ 
electric  current  is  achieved  by  accelerating  the  photoelectrons 
to  a  sensitive  surface,  from  which  the  primary  photoelectrons 
eject  other  electrons;  the  phenomenon  is  known  as  secondary 
electron  emission.  This  process  may  be  repeated  a  number  of 
times.  In  general,  it  is  possible  to 
eject  6  to  8  electrons  for  each  primary 
electron  and  if  we  represent  this 
number  by  S,  then  the  amplification 
will  be  Sn  for  a  multiplier  tube  of 
n  stages.  On  this  basis  a  multi¬ 
element  tube  will  have  a  response  of 
the  order  of  amperes  per  lumen! 

What  this  means,  of  course,  is  that 
very  low  fight  intensities — of  the 
order  of  10-c  to  10-8  lumen — can  be 
measured  with  ease. 

One  very  great  advantage,  aside 
from  the  compactness  of  the  tube, 
is  the  fact  that  the  signal-to-noise 
ratio  is  much  greater  than  with 
the  conventional  phototube-am¬ 
plifier  combination — that  is,  in  the 
measurement  of  low  intensities, 
fundamental  disturbances  due  to 
tube  noises,  random  emission,  shot- 
effect,  etc.,  are  less  disturbing. 

Several  tubes  of  this  class  are  now 
in  commercial  production  and  will 
have  considerable  influence  on  in¬ 
strument  design  of  the  future. 

Iconoscope.  The  iconoscope  or 
image-forming  tube  shown  in  Fig¬ 
ure  37  is  the  pickup  unit  used  in 
television  cameras.  It  consists  of 
a  photosensitive  mosaic  on  which 
the  image  or  picture  is  projected, 
which  is  then  scanned  rapidly  by 
an  interlaced  sweeping  beam  of 
electrons.  Thus  each  element  of 
the  picture  is  scanned  and  the 
fight  intensity  of  each  minute 


Courtesy,  Radio  Corpo¬ 
ration  of  America 

Figure  36.  Nine- 
Stage  Develop¬ 
mental  Type  of 
Multiplier  Tube 
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Courtesy,  Radio  Corporation  of  America 


Figure  37.  Iconoscope 

element  of  area  is  converted  into  a  strictly  proportional 
photocurrent.  A  device  as  useful  and  versatile  as  the  icono¬ 
scope  will  not  be  restricted  to  television  uses. 

Cathode  Ray  Oscillographs.  The  modem  oscillo¬ 
graph  is  indispensable  in  the  electrical  and  communication 
fields,  but  it  is  also  widely  used  in  industry  and  physical  re¬ 
search.  One  of  its  chemical  applications  has  been  discussed 
by  the  author  and  his  co-workers  (SO). 

By  means  of  the  cathode  ray  oscillograph  any  quantity 
which  can  be  translated  into  an  equivalent  electrical  poten¬ 
tial  may  be  studied,  usually  on  Cartesian  coordinates  as  a 
function  of  any  other  variable.  Recurrent  phenomena  may 
be  studied  as  steady  figures  on  the  screen,  and  with  the  aid  of 
photography  the  briefest  of  transients  may  be  recorded. 


Courtesy,  Allen  B.  DuMont  Laboratories,  Inc. 
Figure  38.  Cathode  Ray  Oscillograph 


One  of  the  latest  types  is  shown  in  Figure  38.  The  tube  is  of  the 
high-vacuum,  electron-lens-focus  type  giving  a  high  deflection 
sensitivity  and  sharp  focus  trace  at  all  deflecting  frequencies. 
The  controls  are  all  conveniently  located  on  the  front  panel  with 
related-function  grouping.  Separate  amplifiers  for  the  x  and  y 
axes  are  provided)  the  former  is  linear  to  o  per  cent  from  2  to 
100  000  cycles  per  second;  the  horizontal  amplifier  is  uniform  to 
within  10  per  cent  from  2  to  100,000  cycles.  The  voltage  gams  are : 
y  axis  2000  X,  x  axis  43  X.  .  ,  ,  ,  „  ,. 

Figure  39  shows  the  rear  chassis  view,  with  short  deflection 
plate  leads.  The  terminal  strip  is  accessible  without  removing  the 
cabinet. 


Courtesy,  Allen  B.  DuMont  Laboratories,  Inc. 

Figure  39.  Cathode  Ray  Oscillograph,  End  View  of 

Chassis 


The  production  of  cathode  ray  tubes  involves  the  skilled 
techniques  of  high  vacuum  and  electronics,  and  few  better 
examples  of  modern  instrumentation  could  be  found  than 
that  shown  in  Figure  40. 

The  exhaust  benches  used  by  DuMont  have  a  mercury  dif¬ 
fusion  pump  at  the  base,  backed  by  a  Cenco  Megavac  forepump. 
On  the  extreme  left  of  the  pump  table  are  the  meters  for  the 
Pirani  pressure  gage.  To  the  right  of  the  master  stopcock  is  the 
Variac  control  for  adjusting  the  heater  current  of  the  oscillograph 
tube.  To  the  right  of  this  are  switches  for  controlling  the  oil 
pump  and  a  high-frequency  bombarder  (for  heating  the  tube  ele¬ 
ments  in  vacuum  to  degas  them). 

The  large  cabinets  to  the  right  of  each  pump  table  contain 
complete  circuits  for  checking  and  operating  the  tube  while  it  is 
still  on  the  exhaust  bench.  This  includes  power  supplies  for  all 
the  electrodes,  appropriate  meters,  and  signal  sources  of  60-cycle 
sine  wave  and  variable-frequency  saw-tooth  sweep.  Suspended 
above  the  tube  on  the  first  bench  is  the  baking  oven,  thermo¬ 
statically  controlled  for  baking  the  screen  material  during  exhaust 
and  for  annealing  the  glass. 

R.  C.  A.  Oscillograph.  The  special  9-inch  cathode  ray 
oscillograph  shown  in  Figure  41  is  used  primarily  for  tests 
involving  television  problems,  for  studying  interlaced  scanning 
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patterns,  etc.,  and  has  a  specially 
high  frequency  range.  The  controls 
are  extremely  flexible,  providing  an 
instrument  of  very  general  utility. 

The  principal  stimulus  for  the 
large-scale  production  of  cathode 
ray  tubes  is  television — -a  very 
happy  circumstance  for  the  re¬ 
search  man,  who  is  thereby  bene¬ 
fited  by  the  availability  of  these 
useful  devices  at  a  moderate  cost. 

Ultrasensitive  Direct  Cur¬ 
rent  Meter.  The  electronic 
meter  shown  in  Figure  42  is  a 
self-contained  battery  -operated 
precision  instrument,  designed  pri¬ 
marily  for  measuring  very  small 
currents. 


Figure  40. 


Courtesy,  Allen  B.  DuMont  Laboratories,  Inc. 

Exhaust  Bench  and  Testing  of  Oscillograph  Tubes 


It  will  also  measure  direct  current 
voltages  or  resistances.  It  has  22 
scale  ranges.  Currents  between  2  X 
10~s  and  10-2  ampere  can  be  accom¬ 
modated  in  12  scale  ranges.  Over  8 
scale  ranges,  direct  current  voltages 
from  0.1  to  500  volts  can  be  read 
with  a  constant  input  resistance  of  5 
megohms.  Resistances  are  covered 
in  2  ranges  from  0.1  to  1000  megohms. 
With  an  external  battery  this  may  be 
extended  to  a  maximum  of  200,000 
megohms.  With  the  exception  of 
the  latter  case,  there  is  less  than  0.5 
volt  direct  current  across  the  resist¬ 
ances.  Three  R.  C.  A.  IB-4  tubes 
are  employed  and  the  instrument 
weighs  20  pounds  with  batteries. 

Some  practical  uses  include  the 
measurement  of  electron  and  ionic 
currents,  photoelectric  currents,  elec¬ 
trolysis  and  galvanic  currents,  and 
others  peculiar  to  electronic  and  radio  circuit  work.  The  ac¬ 
curacy  is  2  per  cent  of  full  scale  at  ambient  temperatures  of  50°  to 
100°  F.  and  normal  humidity. 


Weston  Photoelectric  Potentiometer.  This  elec¬ 
tronic  self-balancing  potentiometer  (Figure  43)  is  very  useful 


Courtesy ,  Radio  Corporation  of  America 


Courtesy ,  Radio  Corporation  of  America 


Figure  41.  Nine-Inch  Special  Cathode  Rat 
Oscillograph 


Figure  42.  Ui/trasensitive  Direct  Current 
Meter 
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Courtesy,  Weston  Electrical  Instrument  Cory. 

Figure  43.  Photoelectric  Self-Balancing  Potentiometer 


for  measuring  small  direct  current  voltages  and  currents. 
The  principle  of  this  instrument  was  described  several  years 
ago  by  Gilbert  (18). 

The  usual  potentiometer  principle  is  modified  in  that,  instead 
of  moving  a  slider  to  select  a  suitable  compensating  e.  m.  f.,  the 
latter  is  derived  from  a  standard  resistor,  the  current  through 
which  is  appropriately  adjusted.  This  current  is  obtained  from 
the  plate  circuit  of  a  vacuum  tube,  the  input  of  which  is  con¬ 
trolled  by  two  phototubes  in  a  bridge  circuit.  The  phototubes 
are  illuminated  by  light  from  a  mirror  galvanometer  of  negligible 
restoring  torque. 

The  galvanometer  is  connected  in  the  primary  potentiometer 
circuit.  Imagine  a  small  potential  to  be  applied  to  the  instru¬ 
ment.  The  galvanometer  will  tend  to  de¬ 
flect  slightly  and  illuminate  one  of  the  photo¬ 
tubes  more  than  the  other.  The  plate  current 
of  the  vacuum  tube  will  change  immediately 
and  cause  a  current  to  flow  in  the  standard 
resistor  just  sufficient  to  restore  balance. 

The  plate  current  is  directly  proportional  to 
the  applied  e.  m.  f.  and  is  read  on  a  suitable 
meter  of  the  desired  precision.  The  system 
is  inherently  stable  and  the  usual  variables — 
tube  constants,  plate  voltages,  etc. — are 
only  secondary  functions.  A  condenser-resis¬ 
tor  network  is  applied  to  the  tube  input  circuit 
to  inhibit  regenerative  effects. 

The  range  of  the  instrument  may  be  changed 
by  plugging  in  standard  resistors.  If  desired, 
an  automatic  strip-type  recorder  can  be 
operated  at  the  same  speed  as  indicating  am¬ 
meter  or  voltmeter. 


electric  and  photronic  cells,  frequency  meters,  resistance 
thermometers,  etc. 

The  amplifier  is  alternating  current-operated,  highly  stable, 
and  operating  over  a  wide  range  of  input  voltages  from  0.1  to  1.0 
volt.  Input  resistances  may  be  adjusted  from  100  to  10  megohms. 
The  tube  circuit  utilizes  inverse  feedback,  an  arrangement  which 
assures  a  high  degree  of  stability.  The  steady  component  of  the 
plate  current  is  balanced  out  by  a  bridge-type  balancing  network 
using  a  voltage-regulator  tube,  so  that  the  meter  indicates  cur¬ 
rent  change  only.  The  voltage  supply  is  carefully  designed  for 
stability  of  calibration,  and  will  handle  line  variation  between  100 
and  130  volts. 

The  instrument  is  provided  with  four  calibrated  ranges, 
selected  by  a  switch,  yielding  5  milliamperes’  linear  output  into 


General  Radio  Co.  Direct  Current 
Amplifier.  The  instrument  shown  on  the 
right  in  Figure  44  was  designed  primarily 
for  use  with  the  Esterline-Angus  5-milli- 
ampere  recorder.  This  amplifier  should 
be  of  particular  interest  to  the  chemist 
because  its  characteristics  are  suited  to 
the  particular  needs  which  many  of  his 
problems  create.  It  is  suited  to  the  meas¬ 
urement  of  small  potentials  and  currents 
and  can  be  arranged  to  operate  from  photo- 


Courtesy,  General  Radio  Co. 

Figure  44.  Direct  Current  Amplifier  for  Use  with  Recorder 
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Figure  46.  Electron  Micro¬ 
scope  Photograph  of  Anthrax 
Bacillus 

Photograph  taken  at  magnification  of 
34,000 

Courtesy,  Radio  Corporation  of  America 


screen  during  focusing  and  adjusting 
operations.  Elaborate  electronic  circuits 
maintain  the  applied  high  potentials  con¬ 
stant  to  a  high  degree. 


The  available  magnifications,  with 
no  loss  of  resolution,  are  orders  of 
magnitude  higher  than  those  possible 
in  optics.  This  arises  from  the  fact 
that  the  wave  length  of  an  electron  is 
given  by 


X  = 


Thus  a  150-volt  electron  has  a  wave 
length  of  1  A.  and  a  40,000-volt  elec¬ 
tron,  a  wave  length  of  0.062  A. 

Figure  46  shows  a  photograph  of 
anthrax  bacilli  taken  at  34,000-fold 


Courtesy,  Radio  Corporation  of  America 

Figure  45.  Biological  Electron 
Microscope 


a  recorder  load  of  1000  ohms  for  input  voltages  of  0.1,  0.2,  0.5, 
and  1.0  volt.  The  gain  of  the  amplifier  is  best  expressed  as  a 
transconductance — the  maximum  value  of  which  is  50,000 
micromhos — that  is,  50  milliamperes’  output  per  volt  input,  or 
better,  within  the  range  of  the  output  meter,  5  milliamperes  per 
0.1-volt  input. 

Electron  Microscope.  The  fundamental  work  of  Davis¬ 
son  and  Germer  and  G.  P.  Thompson  in  demonstrating  the 
wave  nature  of  the  electron,  and  of  H.  Busch  and  others  on 
electron  trajectories,  gave  rise  to  the  subject  of  electron 
optics.  Practically  all  of  the  theorems  of  geometric  optics 
have  been  translated  into  the  electron  optics  equivalents, 
and  by  means  of  magnetic  and  electric  fields,  electron  lenses 
may  be  calculated  to  give  the  equivalent  of  an  optical  in¬ 
strument  such  as  the  microscope.  A  simple  arrangement 
of  those  elements  enables  one  to  focus  electrons  from  a  hot 
filament  onto  a  fluorescent  screen  and  obtain  an  image  of  the 
emitting  surface.  This  very  simple  “microscope”  is  useful 
to  metallurgists,  radio  engineers,  and  physicists  in  studying 
intimate  details  of  electron  emission. 

In  the  handsome  instrument  shown  in  Figure  45,  this  principle 
is  elaborated  to  the  electronic  equivalent  of  a  compound  micro¬ 
scope.  Electrons  from  an  electron  gun  can  be  focused  in  the 
plane  of  the  object  (mounted  in  an  extremely  thin  film)  and  then 
imaged  on  a  fluorescent  screen  or  photographic  plate.  The  mag¬ 
netic  and  electric  controls  are  all  conveniently  mounted  on  the 
panel  and  become  the  electronic  equivalent  of  the  focusing  screw 
of  a  microscope.  Convenient  “pressure  locks”  are  built  into  the 
main  tube  for  the  removal  of  specimen  and  photographic  plate, 
without  breaking  the  vacuum  in  the  entire  system.  At  the  base 
of  the  tube  are  circular  observation  ports,  through  which  the 
operator  and  a  number  of  observers  may  view  the  image  on  the 


Courtesy ,  Radio  Corporation  of  America 

Figure  47.  Electron  Microscope  Photograph  of 
Colloidal  Carbon 

Photograph  taken  at  magnification  of  110,000 
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magnification  and  Figure  47  shows  colloidal  carbon  at 
110,000-fold.  The  wealth  of  detail  evident  in  these  pictures 
is  more  startling  than  the  unusual  degree  of  magnification. 


of  natural  vision  by  providing  a  complete  microscope  body 
for  each  eye  with  objectives  and  eyepieces  to  form  the  images. 


It  has  prism  systems  to  provide  the  proper  angle  of  inclination 
for  the  objectives  to  obtain  stereoscopy  and  to  ensure  the  proper 
angle  of  the  eyepieces  for  comfortable  vision.  Objects  may  be 
magnified  from  X  6.3  to  X  144.  The  image  is  right  side  up  and 
not  inverted  nor  reversed  as  in  the  monobjective  microscope. 

The  instrument  is  shown  with  a  light  source  providing  re¬ 
flected  light.  A  6.5-volt  lamp  is  operated  from  a  transformer 
with  adjustable  output  permitting  the  bulb  to  be  burned  at  its 


•'  ,^-1%.  SypER  CINE-PHO*  ^ 


Courtesy ,  Bausch  &  Lomb 
Optical  Co. 

Figure  48.  Projec¬ 
tion  Lens  with  High- 
Transmission  Film 
Glass  Coating 


The  electron  microscope  has  been  developed  far  beyond  the 
stage  of  a  mere  scientific  experiment  and  can  be  considered 
an  important  research  tool.  These  instruments  will  be  sought 
by  many  eager  investigators,  as  they  represent  a  means  of 
obtaining  information  which  has  heretofore  been  entirely  be¬ 
yond  the  range  of  all  other  means  of  direct  observation.  In 
spite  of  the  high  state  of  development  of  these  microscopes, 
experiments  in  the  field  of  electron  microscopy  will  be  continued 
with  the  hope  of  eventually  approaching  more  closely  the 
ultimate  resolving  power  of  which  these  instruments  are 
capable. 


Optical  Instruments 

Projection  Lens  with  Low  Reflection  Loss.  Re¬ 
searches  in  the  properties  of  multilayer  films  have  yielded  in¬ 
formation  of  importance  to  many  fields.  One  of  the  useful, 
practical  results  has  been  the  application  of  such  films  to  the 
faces  of  optical  components,  minimizing  the  normal  reflection 
losses.  Figure  48  shows  a  high-quality 
motion  picture  projection  lens  in  which  the 
advantages  of  these  films  have  been  utilized. 

Fully  30  per  cent  increase  in  efficiency  results 
from  the  use  of  such  lenses  and  the  general 
public  has  already  been  in  a  position  to  ap¬ 
preciate  the  improvements  in  some  of  the 
more  recent  motion  pictures.  No  small  part 
of  the  pictorial  excellence  of  “Gone  With 
the  Wind”  was  due  to  the  use  of  these  lenses. 

The  general  principle  is  being  widely  applied 
to  a  variety  of  optical  instruments  and  to 
the  glass  windows  of  electrical  meters,  etc. 

Chemical  Microscope.  Especially  help¬ 
ful  to  chemists  are  the  microscopes  which 
have  been  designed  specifically  for  their 
problems. 

A  typical  example  is  illustrated  in  Figure  49, 
which  shows  the  Spencer  advanced  chemical 
microscope.  An  important  departure  from 
conventional  construction  is  the  sliding  tube 
analyzer  instead  of  the  usual  cap  analyzer. 

The  enlarged  field  of  view  is  very  convenient 
and  less  fatiguing  than  some  of  the  older  small- 
aperture  cap-nicols. 


Courtesy,  Spencer  Lens  Co. 

Figure  49.  Chemical  Microscope 


Stereoscopic  Microscope.  This  type 
of  instrument  (Figure  50)  extends  the  range 


Courtesy ,  Spencer  Lens  Co . 

Figure  50.  Stereoscopic  Microscope  and  Illuminating  Unit 
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Figuhe  51.  Microscope 
Illuminator 

Courtesy,  Clay-Adams  Co, 


range  covering  indices  from  1.40  to 
1.70,  by  utilizing  a  dense  flint  prism. 

Spectrographs.  There  are  few 
instruments  that  have  been  as 
useful  and  essential  as  the  spec¬ 
trograph;  a  large  portion  of 
modem  physical  science  is  based 
on  its  revelations.  The  current 
trends,  in  extending  its  use  to 
analytical  and  control  work,  are 
in  the  direction  of  simplifying  its 
use  without  sacrificing  precision 
or  reliability.  The  modern 
instrument  embodies  so  many 
improvements  and  skilled  design 


most  efficient  voltage.  A  voltmeter  is  built 
into  the  case  for  measuring  the  secondary 
voltage.  An  efficient  three-lens  condensing 
system  is  used  in  the  lamp  and  heat-dis¬ 
sipating  fins  carry  away  the  heat.  This 
instrument  is  useful  for  the  examination  of 
raw  materials  and  for  the  inspection  of  small 
parts  for  cracks,  flaws,  scratches,  or  other 
irregularities. 

Clay-Adams  Scopelite.  A  very  conven¬ 
ient  illuminant  for  microscopic  work  is  illus¬ 
trated  in  Figure  51.  Careful  inspection  of 
this  unit  reveals  strictly  functional  design 
with  location  of  the  louvres  for  optimum 
ventilating  conditions.  It  may  be  used  in 
the  vertical  position  as  shown  or  horizontally 
for  direct  substage  illumination. 

Research  Metallographic  Apparatus. 
The  very  modern  unit  shown  in  Figure  52 
is  a  complete  instrument  for  observation 
and  photography  over  the  entire  range  of 
magnifications  under  bright  field,  dark  field, 
and  polarized  fight.  The  ability  to  see  the 
same  object  under  these  different  types  of 
illumination,  without  relocation,  is  a  valu¬ 
able  aid  in  the  interpretation  of  structure. 
This  has  been  accomplished  by  means  of  a 
special  prism-illuminating  system  which 
utilizes  birefringence  in  separating  the  illu¬ 
minating  and  observational  beam. 

Precision  Refractometer.  Figure  53 
illustrates  an  instrument  of  high  precision 
which  retains  the  ease  and  simplicity  of 
operation  of  the  conventional  Abbe  type. 

It  utilizes  an  oversized  prism  made  of  special 
glass  specially  treated  to  ensure  uniformity 
of  index.  The  improved  precision  has  been 
accomplished  by  careful  attention  to  the 
elimination  of  bearing  errors,  securing  quick 
temperature  regulation,  and  by  the  elimina¬ 
tion  of  compensator  error  due  to  the  use  of 
a  monochromatic  light  source,  instead  of  the 
customary  Amici  prism.  Readings  are  repro¬ 
ducible  to  0.00003  for  the  C,  D,  and  F  fines, 
giving  both  index  and  dispersion. 

The  equivalents  of  this  instrument  are 
also  available  as  a  precision  sugar  refrac¬ 
tometer  and  in  a  refractometer  of  higher 


Courtesy,  Bausch  &  Lomb  Optical  Co. 

Figure  52.  Research  Metallographic  Apparatus 


Courtesy,  Bausch  &  Lomb  Optical  Co. 

Figure  53.  Precision  Refractometer 
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Courtesy,  Gaertner  Scientific  Corp. 

Figure  54.  Quartz  Spectrograph 
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line  intensities.  Rotation  of  the  hand  wheel  at 
the  plate-holder  end  of  the  instrument  accom¬ 
plishes  the  change  from  one  wave  length  to 
another.  This  operation  automatically  focuses 
the  lenses,  and  rotates  the  mirror,  prism,  and 
plate  to  the  correct  position. 

A  very  useful  and  convenient  feature  is  the 
large  illuminated  scale  which  is  projected  on  a 
ground-glass  screen  that  shows  the  position  of 
the  system  with  respect  to  wave  length.  This 
indication  is  independent  of  the  drive  mecha¬ 
nism  and  any  residual  backlash  or  lost  motion. 
The  numbers  are  about  1  inch  high  and  indicate 
wave  lengths  in  millimicrons. 

Glass  optics  of  the  same  size  may  be  sub¬ 
stituted  for  the  quartz  optics.  They  are  also 
carried  in  dowel-pin  mounts,  and  are  in  ac¬ 
curate  adjustment  when  thus  interchanged. 
No  other  change  in  the  system  is  necessary,  for 
on  substitution  of  the  glass  optics  and  wave¬ 
length  scale  the  instrument  is  in  completely 
automatic  and  continuous  adjustment. 

A  shutter  for  timing  the  exposure  is  mounted 
behind  the  slit,  leaving  the  latter  unobstructed, 
and  is  operated  by  remote  control. 

Space  limitations  forbid  a  complete  descrip¬ 
tion  of  this  instrument;  it  is  available  from 
the  manufacturer.  For  our  purpose  it  is  suffi¬ 
cient  to  indicate  the  great  convenience  of 
operation  without  any  sacrifice  of  the  re¬ 


features  that  one  does  not  have 
to  be  a  research  physicist  to 
obtain  useful  and  trustworthy 
results.  The  instrument  de¬ 
signer  has  undertaken  the  bur¬ 
den  of  making  most  of  the 
necessary  operations  and  adjust¬ 
ments  automatic,  thus  relieving 
the  operator  of  many  time-con¬ 
suming  details.  The  importance 
of  this  can  be  realized  if  we 
recall  that  current  industrial 
practice  has  reduced  spectro- 
graphic  analytical  determinations 
to  about  7  man-minutes  per 
constituent.  Some  of  these  im¬ 
provements  can  best  be  appre¬ 
ciated  by  considering  the  instru¬ 
ment  shown  in  Figure  54. 

This  spectrograph  is  of  the  two- 
lens  type  with  Cornu  prism,  a 
design  which  eliminates  many 
disadvantages  of  the  Littrow 
autocollimating  type.  The  base 
is  a  completely  “normalized”  cast¬ 
ing  of  large  section  heavily  ribbed. 

The  enclosing  case  of  sheet  steel  is 
large,  to  avoid  interval  reflections, 
and  carefully  baffled  to  assure  complete  freedom  from  stray  light. 
The  Cornu  quartz  prism  is  mounted  in  a  metal  housing  for  protec¬ 
tion.  A  separate  front  surface  mirror  of  high  ultraviolet  re¬ 
flectivity  replaces  the  reflecting  surface  of  the  prism  which  is 
characteristic  of  the  Littrow  instrument.  The  camera  and  colli¬ 
mator  lenses  are  75  mm.  in  diameter  and  are  carefully  figured 
from  crystal  quartz.  The  focal  length  is  1700  mm.  at  5893  A. 
The  spectrum  from  2000  to  8000  A.  is  ^covered  on  two  plates 
14  inches  long.  The  range  2200  to  3400  A.  can  be  covered  on  a 
single  plate. 

The  prism  and  lens  mounts  are  provided  with  dowel  pins  for 
location  and  are  easily  removable  for  cleaning  or  for  the  substi¬ 
tution  of  glass  optics.  Any  desired  spectral  line  in  any  portion 
of  the  spectrum,  including  the  ends,  can  be  brought  onto  the 
center  of  the  plate,  merely  by  turning  the  hand  wheel.  Besides 
giving  the  greatest  flexibility  to  the  instrument  as  a  spectrograph, 
it  permits  ready  adaptation  of  the  instrument  as  a  large  mono¬ 
chromator  to  the  method  of  direct  photoelectric  measurements  of 


finements  which  are  regarded  as  essential  in  a  first-class  spectro¬ 
graph. 

The  Cenco  grating  spectrograph  shown  in  Figure  55  is  a 
very  useful  low-cost  instrument.  It  is  suitable  for  qualitative 
and  quantitative  emission  spectrography  where  a  dispersion 
of  16  A.  per  mm.  is  sufficient. 

The  spectrograph  consists  of  a  cast  aluminum  housing,  well 
ribbed  and  baffled  against  stray  light.  The  concave  reflecting 
grating,  15,000  fines  per  inch  and  106-cm.  focal  length,  is  of  the 
Wallace  replica  type.  The  grating  mount  is  fitted  with  adjusting 
screws  for  rotating  the  grating  about  the  three  principal  axes 
and  for  shifting  it  laterally.  Aperture  masks  provide  a  choice  of 
either  14  or  6  exposures  on  a  single  film.  The  film  holder  or 
camera  is  provided  with  a  vertical  rack-and-pinion  adjustment 
graduated  and  numbered  for  the  14  exposures.  The  first-order 
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Courtesy,  Gaertner  Scientific  Corp. 

Figure  56.  Spectrum  Microdensitometer 


spectrum  may  be  photographed  between  the  limits  of  2300  and 
7000  A.  with  a  uniform  dispersion  of  about  16  A.  per  mm.  By 
rotating  the  grating,  any  4000  A.  portion  of  the  spectrum  between 
the  above-mentioned  limits  may  be  photographed  with  a  single 
exposure,  the  length  of  the  exposure  being  approximately  25  cm. 

A  line  of  accessories  is  available  including  arc,  arc  control  equip¬ 
ment,  and  a  logarithmic  sector  disk  and  slit  for  quantitative 
analysis  by  Sullivan’s  method  (£6). 

The  instrument  should  fill  a  long-felt  need  for  laboratories 
which  cannot  afford  more  expensive  equipment,  as  an  auxiliary 
unit  for  those  already  possessing  high-dispersion  instruments, 
and  for  educational  institutions  offering  courses  in  spectrography. 
The  manufacturer’s  Bulletin  107  provides  much  useful  informa¬ 
tion  on  this  instrument  and  a  general  introduction  to  some  of  the 
more  recent  references  on  spectrography. 

Densitometers.  Quantitative  emission  spectrography 
involves  many  factors,  all  of  which  limit  the  accuracy  ob¬ 
tainable.  Aside  from  the  proper  adjustment  and  use  of  the 
spectrograph  one  must  consider  the  sensitivity  of  the  photo¬ 
graphic  plate  and  its  uniformity,  the  relationship  between 
blackening  and  exposure,  uniformity  of  plate  development, 
and  above  all  the  conditions  of  excitation.  Assuming  that  the 
operator  has  established  an  appropriate  technique  covering 
these  variables,  it  is  necessary  to  have  some  means  for  meas¬ 
uring  the  density  of  the  lines  recorded  on  the  spectrogram. 

Current  practice  ranges  from  the  crudest  visual  inspection 
or  “bracketing”  of  the  observed  density  between  densities 
obtained  from  standard  samples,  to  use  of  the  most  elegant 
automatic  densitometers.  The  academic  investigator  usually 
builds  his  own  densitometer  and  he  alone  understands  its 
caprices.  Industrial  practice  and  routine  analyses  require 
reliability  and  convenience  of  operation.  We  may  consider 
three  typical  examples  of  densitometers  possessing  these  re¬ 
quirements. 

Gaertner  Spectrum  Microdensitometer  (Figure  56).  This 
visual  means  for  measuring  the  density  of  photographic  images 
is  an  improvement  of  the  well-known  Hartmann  microphotome¬ 
ter.  It  is  based  on  the  principle  of  dividing  a  beam  of  light  from 
a  milk  glass,  one  beam  passing  through  the  photographic  plate, 
the  other  through  a  neutral  wedge.  The  two  beams  are  re¬ 
combined  in  a  photometer  cube  and  may  be  matched  for  intensity 


by  suitable  displacement  of  the  wedge.  The  complete  details 
and  refinements  of  the  instrument  are  best  gained  from  the 
paper  written  by  the  designers  (18). 

Among  the  improvements  may  be  mentioned  the  use  of  a 
neutral  dyed  gelatin  wedge  of  10-cm.  length  following  a  linear 
law  of  densities  ranging  from  0  to  4.0;  the  use  of  grain  plates  to 
simulate  the  natural  graininess  of  the  photographic  plate; 
and  elimination  of  the  sliding  cube  of  Hartmann,  by  using  a  sil¬ 
vered  strip  in  the  cube  to  reflect  the  field  of  the  wedge  and  its 
grain  plate.  The  instrument  is  a  very  useful  accessory  for  quan¬ 
titative  spectrographic  analysis.  It  has  been  applied  to  the 
study  of  x-ray  diffraction  patterns  produced  by  cellulose  fiber 
(43). 

General  Electric  Transmission  Photometer  for  Spectrograms. 
The  instrument  shown  in  Figure  57  consists  of  a  housing  con¬ 
taining  a  6-volt,  18-ampere  projection  lamp,  condenser  lens, 
and  high-aperture  lens  which  throws  a  uniform  circular  spot  of 
fight  on  the  plate  to  be  measured.  The  latter  is  held  in  a  mechani¬ 
cal  stage  arranged  to  move  in  three  directions,  facilitating  easy 
adjustment  of  focus  and  location  of  the  field  to  be  measured.  A 
high-quality  objective  gives  a  twentyfold  magnified  image  of  this 
field  on  the  rectangularly  shaped  diaphragm  which  is  located  in 
front  of  the  G.  E.  barrier  layer  photocell.  The  photocurrent  is 
applied  to  a  galvanometer,  the  deflection  of  which  is  read  on  the 
scale  at  the  top  of  the  instrument. 

A  heat  filter  is  contained  in  the  condenser  lens  assembly  to 
protect  the  sample  being  measured.  A  diaphragm  is  arranged 
to  shut  off  the  light  from  the  plate  for  checking  zero,  and  the 
total  intensity  of  the  fight  can  be  varied  over  a  small  range  for 
the  adjustment  of  full-scale  deflection.  There  is  also  provision 
for  the  introduction  of  a  neutral  filter  to  change  the  total  amount 
of  fight  reaching  the  photocell  in  known  ratio.  All  these  controls 
are  conveniently  located  on  the  front  of  the  instrument. 

The  diaphragm  defining  the  portion  of  field  being  measured  is 
provided  with  several  apertures,  the  smallest  of  which  corre¬ 
sponds  to  an  area  on  the  plate  of  0.001  X  0.037  inch.  Full- 
scale  deflection  of  the  galvanometer,  at  1-meter  distance,  under 
these  conditions  is  about  500  mm.  Angular  adjustment  of  this 
diaphragm  permits  accurate  alignment  with  the  projected  spectro¬ 
graphic  fine.  A  storage  battery  of  sufficient  capacity  is  required 
for  the  fight  source,  or  a  step-down  transformer  operated  from  a 
voltage-regulating  transformer. 

Leeds  &  Northrup  Recording  Microphotometer.  The  most  ele¬ 
gant  solution  of  this  problem  to  date  is  the  microphotometer 
shown  in  Figure  58.  The  equipment  consists  of  the  plate  stage, 
associated  driving  mechanism,  optical  system,  and  the  amplifier 
and  Speedomax  recording  unit  (described  below).  As  a  recording 
microphotometer  it  is  characterized  by  high  speed  of  recording 
(continuously  visible  during  the  process)  and  a  record  width  (25 
cm.  maximum)  which  is  very  large  compared  to  that  of  other 
available  recording  instruments.  The  pen  record  is  obtained 


Courtesy ,  General  Electric  Co. 

Figure  57.  Transmission  Photometer  for 
Spectrograms 
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Figure  58.  Recording 
Microphotometer 
Upper  left,  view  of  photome¬ 
ter  head;  lower  left,  view 
of  controls;  lower  right, 
general  view  of  instrument 

Courtesy,  Leeds  &  Northrup 
Co. 


without  development  or  delay.  The  accuracy  is  0.25  per  cent  of 
full  scale  and  the  response  is  strictly  linear  {12, 19,  25). 

The  optical  unit  follows  the  general  principles  of  microphotome- 
ter  design  but  with  many  distinctive  features.  The  plate  car- 
riage  may  be  driven  horizontally  by  a  hand  crank  or  synchro¬ 
nously  by  motor  drive  with  a  choice  of  nine  speeds  yielding  an 
equal  number  of  ratios  of  plate  travel  to  recorder  chart  travel. 
The  speeds  range  from  0.1  to  40  mm.  per  minute  with  corre¬ 
sponding  ratios  of  chart  to  plate  travel  of  500:1  to  1:1.  Ad¬ 
justable  limit  switches  are  provided  for  stopping  the  carriage  as 
well  as  the  chart  motion.  .  ,  ,  _.  , 

The  source  of  illumination  is  a  special  ribbon-filament  lamp 
with  optically  flat  windows.  A  microscope  objective  projects 
an  image  of  the  filament  upon  the  emulsion.  A  second  objective 
projects  the  transmitted  light  into  the  photometer  head  contain¬ 
ing  the  carefully  insulated  and  shielded  vacuum-type  photocell 
(Figure  58,  upper  left).  The  output  of  the  photocell  is  fed  to 
a  direct  current  preamplifier  mounted  in  the  plate  stage  and  the 
output  is  then  applied  to  the  Speedomax  recorder. 

Power  packs  supply  filament  and  plate  voltages  for  the  pre¬ 
amplifier  and  Speedomax  amplifier,  which  are  constant  for 
alternating  current  fine  voltages  between  90  and  115  volts,  inde¬ 
pendent  of  frequency  changes.  ,, 

As  an  unequivocal  criterion  of  speed  of  response  the  manu- 


acturers  have  chosen  a  true  sinusoidal  fight  variation  of  5-second 
leriod.  At  full  scale  the  recorder  wifi  reproduce  this  curve  to 
1 25  per  cent  or  better.  Translated  into  actual  micro  photometer 
iractice,  a  plate  taken  with  a  large  quartz  spectrograph  with  an 
^micron  slit  can  be  run  at  2  mm.  per  minute  without  introducing 
rrors  due  to  recorder  lag.  No  difference  is  found  at  lower  speeds, 
7hile  at  higher  speeds,  particularly  with  sharp  lines,  lower 
lensity  values  may  be  indicated.  ,2 

All  necessary  controls  are  conveniently  centralized  (i  igure  58, 

ower  left)  for  rapid  adjustment.  -  , , 

The  samrie  chart  shown  in  Figure  59  for  the  resolution  ot  the 
fc  triptaS  3100  A (Fe  =  3099.971,  3100.309,  3100  671  A) 
fives  an  excellent  idea  of  the  performance  of  this  instrument. 
vJote  the  steadiness  of  the  base  fine  and  the  remarkable  fidelity 
>f  the  trace  on  the  right,  obtained  by  reversing  the  direction  oi 

^It,6  is  an  interesting  commentary  on  the  versatility  of  the 
Speedomax  recorder,  that  it  can  accomplish  such  a  delicate  and 
;xacting  task  with  speed  and  precision,  as  readily  as  it  can  record 
;he  temperature  of  white-hot  steel  ingots  in  a  rolling  mill. 


Spencer  Direct-Result  Colorimeter.  This  modern 
version  of  a  well-known  instrument  (Figure  60)  embodies 


596 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  10 


Figube  59.  Microphotometer  Record  of  3100  Fe  Triplet 


several  improvements  and  conveniences  in  manipulation  as 
well  as  important  simplifications  in  the  optical  train. 

The  light  beams  from  the  two  plungers  are  combined  in  a  bi¬ 
prism  which  forms  the  sensitive  dividing  line  between  the  two 
fields.  The  plungers  are  inclined  at  a  slight  angle,  so  that  the 
lower  ends  enter  the  liquid  obhquely  to  provide  a  wiping  action 
which  effectively  cleans  bubbles  and  scum  from 
the  lower  surfaces.  The  direct-reading  feature, 
in  which  the  percentage  concentration  is  read 
directly  without  need  for  tables  or  calculations, 
is  achieved  by  a  mechanism  in  which  the  rack 
and  pinion  drive  moves  the  graduated  drum 
through  a  planetary  gear.  The  depth  of  each 
solution  is  shown  on  a  two-part  scale  which 
reads  units  on  the  number  ring  and  fractional 
parts  on  the  drum.  Either  side  of  the  color¬ 
imeter  may  be  used  for  the  standard,  since 
the  scales  are  identical,  by  setting  the  sam¬ 
ple  at  10.00  (which  corresponds  to  a  depth  of 
40  mm.)  and  then  adjusting  the  depth  of  the 
standard  in  order  to  match  the  color  fields;  the 
scale  on  the  standard  side,  when  multiplied  by 
10,  shows  directly  the  percentage  concentration 
of  the  sample.  The  scales  are  graduated  in 
units  from  0.00  to  14.00,  giving  the  colorimeter 
a  range  of  0  to  140  per  cent. 

Innovations  are  to  be  found  in  the  cups, 
which  consist  of  four  parts:  cup  body  with 
threads  molded  into  the  glass,  gasket  of  chemi¬ 
cally  resistant  synthetic  rubber,  glass  bottom 
plates,  and  threaded  cap  of  molded  plastic. 

The  cap  and  bottom  plates  are  carefully  stand¬ 
ardized  for  thickness,  resulting  in  interchange- 
ability  without  affecting  the  zero  points  of 
the  scales.  The  illuminator  is  built  in  as  an 
integral  part  of  the  instrument  base  with  diffus¬ 
ing  windows  set  flush  with  the  top  of  the  base. 

Illumination  equalization  is  achieved  by  a  simple 
control  which  may  be  locked  to  prevent  acci¬ 
dental  displacement.  The  general  appearance 
bespeaks  modern  simplicity  and  convenience. 


Photoelectric  Photometers  and  “Colorimeters”. 
This  subject  was  reviewed  by  the  author  last  year  (29),  when 
an  incomplete  bibliography  listed  263  references.  Relatively 
few  advances  have  been  made  recently  on  the  instrumental 
side,  but  more  important  is  the  extensive  use  to  which  these 
instruments  have  been  put  in  analytical  work.  Photoelectric 


Courtesy ,  Spencer  Lens  Co 

Figure  60.  Direct-Result  Colorimeter 
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Courtesy ,  G-M  Laboratories ,  Inc. 


Figure  61.  Vitamin  A  Meter 


milliammeter  which  is  in  the  plate  circuit  of  a 
two-tube  amplifier  designed  by  Shepard.  An  ad¬ 
ditional  tube  (6H6)  is  used  to  supply  the  poten¬ 
tials  to  the  phototubes.  Excellent  agreement 
is  obtained  by  Beer’s  law  and  the  extinction 
values  are  accurate  to  1  per  cent  and  with  care 
to  about  0.5  per  cent.  Satisfactory  agreement 
has  been  obtained  with  spectrophotometnc 
values  obtained  from  cooperating  laboratories. 

Leitz-Muller  Photometer.  This  instrument 
(Figure  62),  designed  by  the  author,  is  a  single¬ 
cell  filter  photometer  reading  directly  in  extinc¬ 
tion  units.  A  high-vacuum  cell  is  used  with 
a  two-stage  stabilized  amplifier.  The  phototube 
input  signal  is  balanced  out  with  a  logarithmic 
slide-wire  circuit.  The  slide-wire  drum  reads 
directly  in  extinction  values  (one  decade  for  17 
inches  of  scale) .  Selective  filters  are  mounted  on 
a  wheel,  and  all  electrical  and  mechanical  ad¬ 
justments  are  interlocked  for  speed  of  operation. 
As  each  filter  is  selected,  an  appropriate  photo¬ 
tube  load  resistor  is  automatically  selected  to 
yield  approximately  uniform  sensitivity .  Inter- 
change  of  solution  and  solvent  is  achieved  by  a 
rotary  carriage  drive  also  interlocked  for  elec¬ 
trical  adjustments.  Extinction  values  between  0  and  1.0  are  re¬ 
producible  to  ±0.001. 

Photoelectric  Spectrophotometers.  “It  is  generally 
recognized  that  accurate  spectrophotometric  data,  when  ac¬ 
companied  by  adequate  colorimetric  computations,  comprise 
the  most  fundamental  of  all  colorimetric  specifications”  {12). 

The  advantages  of  a  photoelectric  instrument  are  speed, 
elimination  of  fatigue,  and  improved  precision  at  the  extremes 
of  the  visible  spectrum.  The  mistaken  notion  still  exists, 
in  the  minds  of  some,  that  spectrophotometry  was  not  exact 
and  reliable  until  photocells  “replaced  the  human  eye”. 

The  recording  photoelectric  spectrophotometer  or  color 
analyzer”  developed  by  Hardy  and  manufactured  by  the 
General  Electric  Company  is  now  so  well  known  and  so  widely 
used  that  no  description  of  it  need  be  undertaken  here,  except 
to  note  that  it  is  still  the  only  completely  automatic  instru¬ 
ment  of  its  kind.  , 

Two  recent  developments  of  the  manually  operated  type 
will  be  discussed  briefly.  Figures  63  and  64  show  the  Cenco- 
Sheard  spectrophotelometer.  This  instrument  augments  and 
extends  the  field  of  measurement  beyond  that  which  is  possible 
with  their  photelometer,  a  filter  photometer  which  is  widely 
used  in  clinical  and  other  “colorimetric”  methods  of  analysis. 

An  external  source  of  fight,  operated  from  a  constant  voltage 
source  is  focused  on  a  slit,  the  light  passing  on  to  a  Wafiace  con¬ 
cave  diffraction  grating  replica  of  the  reflecting  type.  The  latter 
diffracts  and  projects  the  spectrum  to  the  opposite  end  of  the 
housing  where,  depending  upon  the  position  of  the  grating, 
focuses8  a  portion  of  the  spectrum  on  exit  slits  having  nominal 

'jil.  o  c  k  in  r.r- on  rm'llimif'rnns  and  thence  to  a  barner- 


Courtesy ,  E.  Leitz ,  Inc. 


Figure  62.  Photoelectric  Photometer 

photometers  are  replacing  visual  instruments  to  an  increasing 
extent.  It  is  significant  that  with  improved  instruments 
available,  more  and  more  of  our  standard  colorimetric 
methods  are  being  reexamined  for  their  reliability. 

The  notion  that  photoelectric  spectrophotometers  will  soon 
displace  all  filter  photometers  seems  to  be  gaining  ground , 
actually  at  the  present  state  of  development,  most  of  our 
analytical  colorimetric  methods  hardly  justify  the  use  of  a 
good  filter  photometer.  The  respective  uses  of  the  two 
instruments  are  still  well  defined  and  improvement  in  each  is 
still  possible. 

Vitamin  A  Meter.  This  instrument,  illustrated  in  Figure  61, 
has  been  described  by  McFarlan  et  al.  ( 28 ).  It  is  a  twin-cell 
photoelectric  photometer  with  optical  compensation.  I  he  source 
of  illumination  is  a  sodium  arc  with  filters  to  isolate  the  sodium 
doublet  at  3303  A.  The  net  photocurrent  is  indicated  on  a  0-5 


Courtesy,  Central  Scientific  Co. 
Figure  63.  Spectrophotelometer 
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Figure  64.  Spectrophotelometer 

Showing  wave-length  scale,  absorption  cells,  and  slit  adjustment 

layer  photocell.  A  crank  on  the  side  of  the  housing  slowly  rotates 
the  grating  and  maintains  the  focus  automatically  as  different 
portions  of  the  spectrum  are  brought  to  the  exit  slit.  A  revolu¬ 
tion  counter  indicates  the  prevailing  wave  length  directly  (shown 
atX  =  328  millimicrons  in  the  photograph).  An  eyepiece  in  the 
top  of  the  case  enables  the  operator  to  see  that  portion  of  the 
spectrum  so  selected.  When  used  with  a  line  source  such  as  a 
mercury  arc,  this  eyepiece  affords  a  convenient  check  for  the 
accurate  functioning  and  alignment  of  the  optical  system. 

The  terminals  of  the  photocell  are  connected  to  an  external, 
enelosed-lamp-and-scale  galvanometer. 

A  two-cell  carriage  is  mounted  between  the  exit  slit  and  the 
photocell  for  holding  absorption  cells,  one  for  the  solvent,  the 
other  for  the  solution.  Transmissions  at  any  wave  length  are 
given  by  the  ratio  of  the  galvanometer  deflections  for  solution  and 
solvent,  the  latter  usually  being  set  at  100  for  convenience. 

The  instrument  is  carefully  baffled  and  shielded  to  avoid  errors 
due  to  stray  light.  Careful  measurements  made  with  this  instru¬ 
ment  have  shown  good  agreement  with  values  reported  using 
other  types  of  precise  spectrophotometers. 

Another  approach  to  this  problem  is  shown  in  Figure  65. 
The  Coleman  double  monochromator  spectrophotometer  con¬ 
sists  of  two  units.  The  first  contains  the  light  source,  double 
monochromator,  absorption  cell  holder,  high-vacuum  photocell, 
and  a  4-decade  photocell  load  resistor.  The  potential  drop 
across  this  resistor  is  measured  by  the  standard  Coleman  electron 
tube  potentiometer. 

Two  echelette  gratings  and  a  total  reflecting  prism  are  mounted 
on  a  cam  and  lever  system,  so  that  rotation  of  the  cam,  to  which 
a  uniform  wave-length  scale  is  attached,  will  bring  any  desired 
portion  of  the  spectrum  on  the  exit  slit.  The  use  of  a  double 
monochromator  reduces  stray  light  errors  to  a  fraction 
of  1  per  cent.  Light  leaving  the  exit  slit  passes  through 
one  or  the  other  of  the  absorption  cells,  striking  a 
diffusing  disk  which  uniformly  illuminates  the  photocell. 

The  load  resistor  for  the  photocell  consists  of  four 
decade  units  in  series.  The  potential  developed  across 
the  total  resistance  is  measured  by  the  potentiometer. 

For  the  reading  of  the  solvent,  the  decade  is  set  at 
such  a  value  that  the  potentiometer  balances  at  unity 
(or  if  a  pH  meter  is  used,  at  pH  10).  Upon  introducing 
the  test  sample  in  the  light  beam,  the  potentiometer  is 
rebalanced  giving  the  transmission  directly.  Thus  if 
the  pH  meter  read  8.3,  this  would  indicate  83  per  cent 
transmission.  The  electrometer  can  be  read  to  0.1  per 
cent. 

Figure  66  shows  some  representative  results. 

Reflectometers.  There  are  many  problems  in 
which  true  color  specification  is  of  no  interest,  where 
it  is  merely  necessary  to  compare  samples  with  a 
standard  of  the  same  nature  to  see  if  they  possess 


the  same  shade.  Such  measurements  are 
valuable  on  products  like  sugar,  starch, 
paper,  fabrics,  ceramics,  limestone,  face 
powder,  soap,  etc. 

Many  instruments  have  been  devised  for 
this  purpose;  the  two  which  we  shall  dis¬ 
cuss  here  are  commercially  available  and 
have  given  satisfaction  in  a  number  of  di¬ 
verse  applications. 

Figure  67  illustrates  the  Universal  reflec- 
tometer  made  by  Pfaltz  &  Bauer.  A  barrier- 
layer  cell  is  used  as  the  light-sensitive  element 
and  is  mounted  in  the  same  housing  as  the 
small  incandescent  lamp  which  supplies  the 
illumination.  When  the  entire  unit  is  placed 
on  a  sample,  light  from  the  lamp  passes 
through  the  central  aperture  of  the  cell,  and 
is  reflected  by  the  sample  onto  the  active 
surface  of  the  cell.  The  photocurrent  indi¬ 
cated  by  the  microammeter  is  a  measure  of 
the  fight  reflected  by  the  sample.  The  meter- 
unit  is  also  provided  with  a  built-in  compen¬ 
sating  unit.  With  its  use,  the  photocurrent 
obtained  by  reflection  from  a  standard  white 
plate  or  other  comparison  standard  may  be 
set  at  0  or  100  by  the  compensation  network. 
Smaller  differences  may  then  be  detected.  The 
instrument  is  provided  with  means  for  ad¬ 
justing  the  lamp  intensity  and  a  meter  for 
checking  the  lamp  voltage.  The  microam¬ 
meter  can  also  be  shunted  to  different  sensitivities  by  a  coarse 
and  fine  adjustment.  The  compensating  network  can  be  switched 
in  or  out  as  desired.  The  instrument  case  is  fitted  with  extra 
terminals  to  accommodate  a  high-sensitivity  galvanometer  and 
other  accessories,  such  as  the  manufacturer’s  transparency  meter, 
gloss  meter,  colorimeter,  and  liquid  comparator. 

An  instrument  which  was  developed  to  meet  the  requirements 
set  by  the  Institute  of  Paper  Chemistry  for  the  classification  of 
book  paper  is  shown  in  Figure  68.  It  involves  the  use  of  two 
vacuum  photocells  connected  in  series  across  a  voltage  supply. 
One  cell  receives  fight  directly  from  the  lamp  through  a  variable 
diaphragm  which  is  used  as  a  compensator.  The  other  cell 
receives  fight  from  the  same  lamp  after  it  has  been  reflected  from 
the  unknown  or  standard  sample  and  has  passed  through  a 
mechanical  diaphragm  and  a  color  filter.  The  diaphragm  is  so 
placed  in  the  optical  system  that  its  transmission  is  directly  pro¬ 
portional  to  its  angular  displacement. 

If  a  sample  to  be  measured  is  placed  over  the  aperture  in  the 
instrument  case  it  will  reflect  fight  into  the  measuring  photocell. 
The  mechanical  diaphragm  is  then  fully  opened,  in  which  posi¬ 
tion  the  dial  indicates  1.00.  The  compensator  dial  is  then  ad¬ 
justed  until  the  drop  in  potential  across  each  photocell  is  approxi¬ 
mately  equal.  Since  the  common  connection  of  the  photocells 
leads  to  the  grid  of  the  amplifier  tube,  the  resultant  plate  current 
will  be  about  400  to  500  microamperes.  The  sample  is  now  re¬ 
placed  by  the  standard  and  the  mechanical  diaphragm  is  ad¬ 
justed  until  the  same  value  of  plate  current  is  obtained.  Under 
these  conditions,  the  measuring  photocell  is  receiving  the  same 
amount  of  fight  as  it  did  from  the  sample  and  the  reading  of  the 
dial  is  a  direct  measure  of  the  ratio  of  the  reflecting  power  of  the 
sample  to  the  standard. 


Courtesy ,  Coleman  Electric  Co 

Figure  65.  Double  Monochromator  Spectrophotometer 
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Figure  66.  Representative  Results  with  Photoelectric 
Spectrophotometer 


Courtesy,  Pfaltz 


&  Bauer,  Inc. 


Courtesy,  General  Electric  Co. 

Figure  68.  Reflection  Meter 


Courtesy ,  Photovolt  Corp. 

Figure  69.  Small-Spot  Photometer 


Nine  selective  color  filters  are  employed  to  isolate  different 
regions  of  the  spectrum.  They  are  mounted  on  a  wheel  and  can 
be  introduced  in  the  optical  path  by  rotating  the  center  dial. 

With  the  aid  of  the  vernier  dial  controlling  the  mechanical 
diaphragm  it  is  possible  to  duplicate  settings  to  0.1  per  cent  on 
samples  with  a  reflecting  power  of  50  per  cent  or  greater. 


Illuminometers  and  Special  Photometers.  The  pocket- 
size  exposure  meter  is  now  well  known  and  widely  used. 
The  same  combination  of  barrier-layer  cell  and  microammeter 
is  available  in  many  forms  and  for  a  large  range  of  intensities. 
Giant  search  units,  consisting  of  a  number  of  elements  con¬ 
nected  in  parallel,  are  used  for  measuring  low  levels  of 


Figure  67.  Universal  Reflectometer 


illumination. 
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Figure  70.  Fluorophotometer 


Courtesy,  Pfaltz  &  Bauer,  Inc. 


Another  method  for  obtaining  high  sensitivity  has  been 
adopted  in  the  small-spot  photometer  (Figure  69).  It  is  a  light- 
meter  with  phototube  and  electronic  amplification.  Its  photo¬ 
graphic  uses  include  measurements  on  the  ground  glass  of 
cameras,  the  focusing  screen  of  photomicrographic  cameras,  and 
the  baseboard  of  enlargers,  and  for  densitometry  on  color  separa¬ 
tion  negatives,  and  on  spectrograms. 

The  instrument  uses  a  vacuum  photocell  with  a  line-operated 
(alternating  or  direct  current)  stabilized  direct  current  amplifier. 
The  amplifier  has  an  input  impedance  of  100  megohms  and  will 
measure  currents  as  low  as  10-9  ampere.  The  photocell  is 
mounted  in  a  cylindrical  search  unit,  the  cover  of  which  can  be 
rotated  to  expose  four  different  apertures,  the  smallest  of  which  is 
0.02  inch  in  diameter.  The  amplifier  sensitivity  is  also  adjust¬ 
able.  Three  scales  are  provided  on  the  meter:  a  linear,  a  ratio, 
and  a  logarithmic  scale.  At  the  lowest  sensitivity,  full  scale  cor¬ 


responds  to  500  foot-candles  and  at  the  highest  0.05  foot-candle. 
With  100  scale  divisions,  a  single  division  corresponds  to  0.0005 
foot-candle. 

The  instrument  with  its  flexible  search  unit  can  be  adapted  to 
other  optical  instruments,  without  modification,  provided  the 
levels  of  illumination  fall  within  these  ranges. 

Pfaltz  &  Bauer  Fluorophotometer.  The  complete  ap¬ 
paratus  for  measuring  fluorescence  photoelectrically  is  shown 
in  Figure  70. 

The  exciting  source  consists  of  an  85-watt  capillary  mercury 
arc  in  a  protective  glass  bulb,  mounted  in  an  appropriate  housing. 
Suitable  filters  are  provided  to  isolate  ultraviolet  fight  or  fight  of 
any  other  wave  lengths  and  an  iris  diaphragm  to  control  the 
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Figure  71.  Absorption  Cells 
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intensity  The  exciting  light  is  absorbed  by  the  solution  contained 
in  a  suitable  cell,  and  the  fluorescent  light  is  viewed  laterally  by 
a  barrier-layer  photocell.  Additional  filters  may  be  interposed 
between  solution  and  photocell  to  transmit  the  fluorescent  light 
but  absorb  any  scattered  exciting  radiation.  The  photocurrent 
is  measured  with  a  multiple-mirror 
galvanometer. 

The  use  of  this  instrument  for 
vitamin  Bi  determinations  by  the  thio- 
chrome  method  has  been  described  by 
Hennessy  and  Cerecedo  ( 1 7) .  Its  use 
is  also  suggested  in  the  dairy,  cereal, 
baking,  pharmaceutical,  yeast,  and 
petroleum  industries. 

With  minor  changes, 
ment  may  be  used  as  a 
or  turbidimeter. 


the  instru- 
colorimeter 


Courtesy ,  Welch 
Scientific  Co. 


Figure  72.  Wood 

In  general,  the  measurement  of  Replica  Grating 

fluorescence  is  very  difficult,  and  its 
interpretation,  especially  in  the  case 

of  solutions,  even  more  so.  The  fluorescence  of  solutions  is  a 
complicated  function  of  temperature,  viscosity,  pH,  electrolyte 
concentration,  and  concentration  of  the  fluorescent  material 
itself.  No  small  part  of  the  difficulty  has  been  the  lack  of  a 
reliable  instrument  for  the  measurement  of  fluorescence. 


A  good  example  is  illustrated  in  the  offering  of  the  American 
Instrument  Company  (Figure  71).  All  windows  are  fused  in  place 
and  are  flat  over  the  entire  area  to  within  6  wave  lengths  I  he 
cells  are  available  in  Pyrex  bodies  with  either  Pyrex  or  Corex 
“D”  windows,  and  in  fused  quartz  throughout.  The  cells  are 
available  in  the  styles  shown,  or  styles  meeting  special  require¬ 
ments,  in  two  tolerance  classifications — standard  and  high 
precision  within  limits  shown  in  the  following  table .  High 

Standard  Precision 


Flatness  of  windows  (after  fusing),  wave  lengths 
Parallelism  of  liquid-glass  interfaces,  mm. 
Parallelism  of  faces  of  each  window,  min. 

Inside  length  (between  faces  of  windows),  %  ol 
nominal  length 


6  6 
±0.025  ±0.01 

±10  ±10 

±1 


Cells  matched  to  0.01  mm.  and  1  per  cent  of  nominal  length,  or 
cells  made  to  nominal  length  ±0.005  mm.  In  both  classes  the 
actual  mean  length  is  marked  on  the  cell  to  the  nearest  0.001  mm. 


Some  progress  has  also  been  made  in  the  fabrication  of 
square  test  tubes  with  very  creditable  freedom  from  striations 
and  other  imperfections.  They  are  machine-made,  usually  by 
shrinking  cylindrical  stock  down  on  a  mandrel  of  square  cross 
section. 

Replica  Gratings.  Film  replicas  stripped  from  a  master 
grating  have  been  used  for  many  years  as  a  cheap  and  con¬ 
venient  means  for  demonstrating  the  properties  of  the  diffrac- 


Courtesy,  W.  M.  Welch  Mfg.  Co. 


Figure  73.  Comparative  Spectrograms  Taken  with  Replica  Gratings 


Accessories  for  Optical  Measurements.  The  con¬ 
tribution  of  Strong  to  these  pages  last  year  ( U )  should  be  an 
inspiration  to  future  instrument  designers,  though  this  brief 
article  contained  but  few  of  the  valuable  suggestions  which 
are  to  be  found  in  his  recent  monograph  {45).  _  Many  of  the 
advances  which  he  discussed  are  rapidly  finding  their  way 
into  commercial  production,  affording  the  experimenter  new 
materials  and  aids  for  his  problems. 

Most  opticians  can  be  induced  to  make  special  parts;  some 
of  the  larger  companies  have  gone  farther  and  list  a  great 
variety  of  components.  Thus  in  Catalog  D-10  Bausch  & 
Lomb  describe  lenses,  prisms,  and  mirrors  of  glass  and  quartz 
covering  practically  all  ordinary  requirements.  As  an  added 
convenience,  several  sets  of  optical  parts  are  listed,  which  are 
very  convenient  for  the  research  laboratory,  shop,  or  develop¬ 
ment  department.  Attention  is  drawn  particularly  to  the 
directions  contained  in  this  pamphlet  for  the  correct  method 
of  listing  specifications  and  tolerances  for  optical  parts.  The 
importance  of  this  point  is  also  discussed  by  Hardy  and 
Perrin  {16). 

Absorption  Cells.  For  many  years  American  investi¬ 
gators  have  been  handicapped  by  the  dearth  of  good  absorp¬ 
tion  cells.  The  foreign  cells  were  very  expensive,  with  a 
limited  choice  of  styles,  and  were  usually  of  the  cemented 
type.  While  the  cement  was  superior  to  any  domestic  at¬ 
tempts  to  duplicate  it,  it  was  not  uncommon  to  have  a  cell 
fall  apart  during  a  measurement.  The  recent  interest  in 
photoelectric  photometers  and  spectrophotometers  has  cre¬ 
ated  sufficient  demand  to  justify  the  manufacture  of  good 
cells. 


tion  grating.  Replicas  are  now  finding  increased  use  in  com¬ 
mercially  available  instruments  and  this  is  due  in  part  to  the 
improvements  which  have  been  made  in  the  preparation  of  the 
gratings. 


The  replicas  first  made  by  R.  W.  Wood  of  Johns  Hopkins  and 
manufactured  with  his  advice  and  help  by  the  Welch  Company 

ire  illustrated  by  Figure  72.  .  ,  , 

Some  idea  of  their  improved  performance  may  be  gained  by 
inspection  of  the  spectrograms  of  Figure  73.  The  upper  left  was 
taken  with  a  sodium  arc  source  with  Wood  s  14,400  line  Grade  A 
replica  The  one  immediately  below  it  was  taken  with  the  same 
setup  but  with  a  15,000  Grade  A  commercial  replica  previously 
used  in  place  of  Wood’s  replica.  The  fuzzy  D  lines  and  wings 
are  due  to  faults  in  the  older  replica.  The  middle  set  show  the 
results  obtained  at  half  this  dispersion,  using  Wood  s  7220 
Grade  A  replica  and  a  7500-line  Grade  A  commercial  rephca.  A 
wide  slit  was  used  in  both  cases;  the  relative  exposures  were  1 
and  300  seconds,  illustrating  the  great  improvement  m  intensity. 
The  right-hand  spectrogram  shows  a  portion  of  the  iron  bright- 
line  spectrum  taken  with  Wood’s  4813  Grade  B  rephca  of  only 

0.5  inch  square  ruled  area.  . 

The  replicas  are  available  in  Bakelite  ring  mountings  or  rec¬ 
tangular  mounts  as  shown  with  ruled  spaces  ranging  irom  0.5 
inch  square  to  100  X  150  mm.  Grade  A  re fcs  wfll  resolve  the 
magnesium  triplet  having  wave  lengths  of  5226.70,  5227.04,  and 
5227.36  A.  in  the  first  order.  This  is  very  close  to  the  theoretical 
resolving  power  of  a  grating  of  this  size.  The  Grade  B  wil  re¬ 
solve  the  doublet  at  5267  A.  Rulings  for  both  grades  are  either 
14  440  or  4813  lines  per  inch.  In  the  smaller  sizes,  these  replicas 
are  cheap  enough  to  be  bought  by  the  dozen  for  individual  class¬ 
room  use.  Even  the  advanced  research  size  costs  about  the 
same  as  a  good  glass  prism. 


Westinghouse  Sterilamp.  These  lamps  are  of  the 
rare  gas-mercury  vapor  type  and  operate  on  30  to  50  milli- 
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Courtesy,  Westing  house  Electric  &  Manufacturing  Co. 

Figure  74.  Sterilamps  Installed  in  Operating  Room 


ware  have  been  more  subtle,  with  steady  improvement, 
sharper  tolerances,  and  the  establishment  of  more  rigid  speci¬ 
fications  of  standards.  Much  of  the  credit  for  the  high  stand¬ 
ards  set  by  American  manufacturers  is  due  to  the  constant 
and  untiring  efforts  of  the  Scientific  Apparatus  Makers  of 
America  and  those  committees  of  cooperating  societies  who 
set  desirable  goals  and  then  proceeded  to  secure  some  degree 
of  protection  of  native  industry  against  foreign  competition. 

The  glassware  which  was  available  before  the  first  World 
War  was  largely  imported.  Aside  from  the  small  number 
of  items  which  were  obviously  fit  for  Bureau  of  Standards 
certification  or  the  foreign  equivalent,  the  rest  was  best 
described  as  “junk”,  and  could  be  sold  only  on  a  price  basis. 
Size  variations,  poor  annealing,  obsolete  design,  and  mis¬ 
labeling  or  errors  in  calibration  were  very  common.  Most 
items  were  hand-made  by  cheap  labor  and  illustrated  the 
fact  that  the  fabrication  of  glassware  is  an  art  and  only  oc¬ 
casionally  a  science.  (It  would  be  foolish  to  construe  these 
statements  as  implying  that  a  glass  blower  worthy  of  the 
name  could  not,  if  given  the  time  and  facilities,  construct  a 
piece  of  apparatus  of  almost  any  requirements  and  toler¬ 
ances.  We  are  concerned  here  with  the  large-scale  production 
of  comparatively  simple  items,  such  as  beakers,  flasks,  pipets, 
burets,  etc.)  The  American  penchant  for  mass  production 
and  machine  methods  has  accounted  for  many  improvements. 
The  task  of  designing  the  machine  to  perform  a  difficult  op¬ 
eration,  in  itself,  brings  up  problems  which  otherwise  would 
seem  trivial. 


amperes  at  275  to  475  volts,  alternating  current,  depending 
on  the  length  of  the  tube.  The  initial  or  starting  voltages 
are  about  50  per  cent  higher.  More  than  80  per  cent  of  the 
radiant  energy  is  in  the  first  mercury  resonance  line  at  2537  A. 
Radiation  at  this  wave  length  is  highly  bactericidal,  and  the 
principal  use  is  in  the  field  of  sterilization  in  the  food  industry, 
in  kitchens,  dairies,  restaurants,  and  hospitals.  A  typical  in¬ 
stallation  in  an  operating  room  is  shown  in  Figure  74.  Some 
of  the  results  achieved  in  these  applications  have  been  revo¬ 
lutionary,  especially  in  meat  storage,  where, 
with  the  use  of  these  lamps,  much  higher 
temperatures  and  humidities  can  be  tolerated 
without  spoilage  and  excessive  dehydration 
and  shrinkage. 

Photochemists  have  used  this  general  type 
of  lamp  for  more  than  a  decade,  as  a  source  of 
resonance  radiation  for  studies  in  mercury - 
sensitized  reactions.  It  has  taken  a  long 
time  to  resurrect  it  from  the  laboratory  and 
apply  it  to  the  practical  problems  of  indus¬ 
try  and  commerce. 


Glass  and  Glassware 


Glass  has  long  been  an  indispensable  mate¬ 
rial  in  the  chemical  laboratory.  Many  dis¬ 
tinguished  names  have  been  associated  with 
commonly  used  vessels  and  Erlenmeyer’s, 
Kjeldahl’s,  and  Soxhlet’s  are  associated  with 
objects  more  frequently  than  with  indi¬ 
viduals.  The  practice  seems  to  continue ;  a 
catalog  of  pipets  is  practically  a  “Who’s 
Who”  in  biochemistry. 

The  general  advances  in  glass  technology 
have  been  startling  to  scientists  and  laymen 
alike.  One  need  but  mention  glass  evening 
gowns,  washable  glass  neckties,  safety-rim 
cocktail  glasses,  glass  building  brick, 
shatterproof  glass,  and  ornamental  glass 
wall  paneling.  The  advances  in  laboratory 


Courtesy ,  Kimble  Glass  Co. 

Figure  75.  Automatic  Glass  Tube  Machine 


Let  us  consider  one  step  in  the  fabrication  of  volumetric  ware — - 
machine-made  tubing.  A  representative  installation  is  shown  in 
Figure  75.  The  carefully  controlled  ingredients  are  fed  into  a 
gas-fired  furnace,  the  temperature  of  which  is  automatically 
recorded  and  controlled.  A  cone  of  skimmed  molten  glass  is 
drawn  off  at  the  side  of  the  furnace  and  pulled  over  rolls  at  high 
speed  and  an  automatic  cut-off  deals  5-foot  lengths  of  the  tubing 
to  a  receiving  tray.  The  speed  of  take-off  and  pour  is  carefully 
controlled  to  produce  a  uniform  tube. 

Such  tubing  never  shows  abrupt  changes  in  dimensions; 
when  changes  do  occur  they  are  very  gradual.  An  adjacent  bat¬ 
tery  of  machines  grades  the  lengths  of  tubing  into  various  diame¬ 
ters  and  another  unit  regrades  these  in  turn  according  to  weight. 
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Articles  which  are  made  from  such  stock  can  be  expected  to  show 
very  little  over-all  variation  in  type  size.  As  a  starting  material, 
machine-made  tubing  is  characterized  by  uniformity  of  wall 
thickness,  no  appreciable  changes  in  diameter,  and  straightness. 

A  very  important  characteristic  of  domestic  equipment 
made  by  modern  methods  is  the  uniform  care  accorded  each 
piece,  regardless  of  the  class  into  which  it  is  to  fall.  Thus  a 
buret,  whether  intended  for  an  undergraduate,  an  industrial 
laboratory,  or  a  research  institute,  is  made  under  identical 
conditions  and  with  the  same  materials.  It  is  the  care  ex¬ 
pended  in  calibration  and  the  tolerances  set  which  will  deter¬ 
mine  the  price.  To  the  extent  that  one  can  utilize  machines 
and  automatic  methods  in  large-scale  production,  there  can 
be  no  great  variation  in  quality.  Thus  in  the  case  of  burets 
where  a  manufacturer  uses  such  methods  the  cheapest  type 
will  be  as  strong,  free  from  defects,  and  reliable  as  the  most  ex¬ 
pensive.  One  merely  pays  more  or  less,  depending  upon  the 
effort  which  has  been  expended  in  individual  calibration 
(Figure  76). 

Ninety-Six  Per  Cent  Silica  Glass.  One  of  the  most 
recent  developments  and  one  bound  to  have  important 
applications  in  both  laboratory  and  industry  is  the  96  per 
cent  silica  glass  No.  790.  The  manufacture  of  this  material 
requires  methods  which  depart  radically  from  conventional 
glass  practice. 

Normal  glass  is  subject  to  leaching  in  hot  solutions  with  the 
removal  of  practically  all  the  constituents  other  than  silica.  The 
residue  after  being  washed,  dried  slowly,  and  finally  fired  at  care¬ 
fully  controlled  high  temperatures  forms  a  transparent  vitreous 
glass  which  is  characterized  by  great  chemical  stability,  high 
softening  point,  and  very  low  thermal  expansion.  _  Another 
variety,  No.  791,  possesses  very  high  ultraviolet  transmission.  A 
third  variety,  No.  792,  is  available  for  the  preparation  of  massive, 
thick-walled  articles. 


Courtesy ,  Kimble  Glass  Co. 

Figure  76.  Calibration  of  Volumetric  Ware 


Because  of  certain  conditions  imposed  in  the  manufacture  of 
this  glassware  and  the  need  for  oversized  molds  to  allow  for  the 
shrinkage,  there  are  at  the  present  time  definite  restrictions  in  the 
matter  of  size,  shape,  and  wall  thickness.  For  the  immediate 
future  a  limited  number  of  items  are  commercially  available, 
such  as  beakers,  crucibles,  flasks,  and  combustion  and  test  tubes. 
Figure  77  illustrates  the  heat-resistant  property  of  this  material ; 
an  ordinary  glass  dish  or  crucible  would  not  withstand  these  high 
temperatures.  This  line  of  ware  is  sold  by  Corning  Glass  Works 
under  their  Vycor  trade-mark. 


Courtesy,  Corning  Glass  Works 

Figure  77.  Vycor  Evaporating 
Dish  and  Crucible 


Standard  Taper  Ground  Joints.  Continued  progress 
has  been  made  in  the  extended  use  of  ground-glass  joints  of 
standard  taper.  Complete  interchangeability  is  assured  by 
checking  with  gages  certified  by  the  National  Bureau  of 
Standards.  The  Corning  Glass  Works  has  made  numerous 
improvements  in  these  joints  aside  from  the  interchangeability 
feature.  These  include  heavy  beads  or  lips  at  the  end  of  the 
receiving  joint,  parallel  external  walls  to  facilitate  holding  by 
clamps,  and  the  use  of  extra  heavy  walls  in  the  interest  of 
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Among  the  countless  examples  of  individual  skill  of  which  the 
investigator  may  avail  himself  we  illustrate  in  Figures  78  and  79 
the  much  publicized  Carrel-Lindbergh  pump  and  the  electro¬ 
phoresis  apparatus  of  Tiselius. 

An  innovation  promising  utility  as  great  as  that  of  standard 
taper  joints  is  the  ball  joint  shown  in  Figure  80.  Specifications 
for  the  commoner  pieces  of  laboratory  equipment  can  now  in¬ 
clude  this  useful  type  of  connection.  Another  development  by 
Ace  Glass,  Inc.,  illustrated  in  Figure  80,  is  a  magnetically  operated 
receiver  in  a  still;  provision  can  be  made  to  operate  this  auto¬ 
matically  according  to  a  predetermined  time  schedule. 

Figure  81  illustrates  improvements  in  the  standard  boiling 
point  apparatus  with  a  unique  provision  for  the  periodic  collec¬ 
tion  of  a  sample. 


Courtesy ,  Hopf  Glass  Apparatus  Co. 

Figure  78.  Carrel-Lindbergh  Pump 


Automatic  Recorders  and  Controllers 

Following  Behar  (2)  we  may  define  an  automatic  con¬ 
troller  as  “an  instrument  which  automatically  controls, 
corrects,  governs,  or  regulates  (1)  the  processing,  working,  or 
storage  condition  or  (2)  the  physical  or  chemical  property  of 
matter,  or  (3)  the  proportioning,  to  which  it  is  applied”. 

In  keeping  with  the  purpose  of  this  review,  no  attempt 
will  be  made  to  cover  this  vast  field,  but  rather,  by  isolated 
examples,  to  show  the  possibilities  and  potentialities  of 
modern  controllers.  They  are  used  so  extensively  and  suc¬ 
cessfully  in  industry  for  performing  countless  tasks  that  they 
are  often  taken  for  granted  as  a  small  part  of  a  completely 
mechanized  process.  The  laboratory  man  in  general  is  not 
too  well  acquainted  with  industrial  controllers,  for  he  often 
devises  elaborate  home-made  contrivances,  the  commercial 
equivalents  of  which  are  already  available  and  will  perform 
more  accurately,  reliably,  and  economically.  It  is  un¬ 
doubtedly  true  that  in  automatic  controllers  of  all  classes  one 
can  obtain  more  for  his  money  than  in  any  other  class  of 
scientific  instrument.  This  arises  from  the  fact  that  con¬ 
trollers  are  used  in  industry  in  great  and  increasing  number, 
and  consequently  their  construction  justifies  elaborate  tool¬ 
ing  and  an  approximation  to  line-production  methods.  Alert 
instrument  designers  are  aware  of  this  advantage,  and  in  many 
cases  a  new  instrument,  for  a  specific  and  limited  application, 


mechanical  strength.  Practically  every  con¬ 
ceivable  glass  setup  is  now  available  with 
standard  taper  joint  fittings.  The  same  de¬ 
velopments  have  been  extended  to  stopcock 
construction.  There  are  corresponding  im¬ 
provements  in  strength,  in  minimization  of 
freezing,  and  in  improved  vacuum-tightness. 

Corning  Alkali-Resistant  Glassware. 
This  glass,  specified  as  No.  728,  was  developed 
for  use  where  resistance  to  alkalies  is  impor¬ 
tant. 

It  is  substantially  boron-free  (0.06  per  cent 
B203)  and  is  therefore  suitable  for  quantitative 
determinations  of  boron.  The  linear  coefficient 
of  expansion  is  0.0000063  per  degree  Centigrade, 
between  0°  and  350°  C.,  and  it  is  not  recom¬ 
mended  for  general  use  under  service  conditions 
where  high  thermal  resistance  is  required. 
Vessels  made  of  this  glassware  are  available 
in  the  form  of  beakers,  bottles,  condenser  tubes, 
flasks,  tubing,  and  test  tubes. 

Glass  Blowing.  The  enriched  resources 
of  the  glass  industry  and  the  products  of 
the  instrument  industry,  such  as  polarizers, 
temperature  control  lehrs,  improved  torches, 
and  pressure  gages,  have  all  assisted  the 
modern  glass  blower  in  his  skilled  calling. 
The  average  apparatus  catalog  gives  ample 
illustration  of  the  many  special  forms  and 
patterns  that  can  be  obtained. 


Courtesy,  Hop}  Glass  Apparatus  Co. 

Figure  79.  Electrophoresis  Cell  and  Support 
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is  designed  to  be  used  in  conjunction  with  a  standard  con¬ 
troller  or  recorder. 

A  satisfactory  instrument  must  be  rugged,  require  little 
or  no  attention  other  than  periodic  cleaning  and  inspection, 
be  self-checking,  and  preferably  be  direct-reading  in  the 
desired  quantity.  In  the  latter  connection,  logarithmic  or 
square  law  cams,  etc.,  can  be  provided  to  furnish  a  linear 
indication  or  record.  High  sensitivity  is  always  secondary  to 
reliability  and  accuracy.  A  delicate  laboratory  instrument 
may  be  very  sensitive,  but  may  require  constant  supervision 
and  attention.  Its  counterpart  in  an  industrial  recorder  or 
controller  is  sensitive  enough  for  the  problem  in  hand  but 
never  at  the  sacrifice  of  stability.  A  false  reading  in  the  lab¬ 
oratory  is  annoying;  in  the  plant  it  may  be  ruinous. 


Figure  80.  Ball  Joint  and  Magnetically  Operated 
Still  Receiver 


Industrial  instruments  are  built  to  indicate,  record,  or  con¬ 
trol  a  property  or  condition  and  may  combine  some  or  all 
of  these  functions.  Thus  in  addition  to  simple  indicators,  we 
may  have  an  indicator-recorder,  an  indicator-controller,  or 
an  instrument  which  performs  all  three  functions — indicating, 
recording,  and  controlling.  In  addition  to  these  primary 
functions,  provision  may  be  made  for  proportioning  the  con¬ 
trol  to  the  demand,  for  integrating  or  totalizing,  for  cycling 
or  performing  predetermined  operations  at  definite  times  and 
proper  sequence,  and  for  telemetering. 

Primary  Elements.  The  primary  element  may  be  a 
mechanically,  electrically,  optically,  or  electronically  respon¬ 
sive  device  and  its  indications  may  likewise  be  translated  to 
the  recording  or  controlling  mechanism  by  these  agencies. 
The  instrument  may  be  used  to  measure,  record,  or  control 
temperature,  pressure,  humidity,  flow,  liquid  level,  chemical 
or  electrical  conditions,  or  radiation  (heat,  visible  or  ultra¬ 
violet).  Other  conditions  which  can  be  converted  to  a  pro¬ 
portional  change  in  one  of  the  above  can  be  handled  indi¬ 
rectly. 

Among  the  mechanical  elements  are  the  Bourdon  spring  or 
helix  which  communicates  with  a  tube  and  bulb.  When  used  for 
temperature  measurements  the  bulb  may  be  filled  with  a  gas,  a 


liquid,  or  both,  and  three  general  classes  are  recognized.  If  a 
liquid-filled  bulb  is  used  as  the  temperature-sensitive  element, 
the  expansion  or  contraction  of  the  liquid  is  transmitted  through 
the  connecting  tube  to  the  Bourdon  spring  or  helix,  the  rotation 
of  which  (after  lever  or  gear  amplification)  moves  the  pointer  over 
the  scale.  Ambient  temperature  compensation  is  necessary  and 
if  the  instrument  case  and  connecting  tube  both  have  the  same 
temperature,  this  is  easily  accomplished  with  a  bimetallic  system 
coupled  in  opposition  to  the  helix.  For  long  connecting  tubes 
this  will  not  suffice,  and  a  duplicate  helix  and  tube  is  used  (with¬ 
out  bulb)  for  zero  setting  and  compensation.  Scale  readings  are 
uniform  in  this  type.  In  the  vapor  pressure  type,  helix  and  con¬ 
necting  tube  are  filled  with  liquid  and  the  bulb  contains  liquid 
and  its  saturated  vapor.  This  type  requires  no  compensation  for 
case  or  tube  temperature.  The  scale  is  not  uniform,  since  the  re¬ 
lation  between  the  vapor  pressure  of  a  liquid  and  its  temperature 
is  of  the  form 

log  p  =  A/T  +  B 

This  has  some  advantages,  since  the  open  portion  of  the  scale 
may  be  located  at  any  desired  point  by  appropriate  choice  of 
liquid.  The  third  class  is  gas-filled,  and  will  cover  a  wider  range 
than  the  liquid  or  vapor  pressure  types.  The  scale  is  uniform  and 
temperature  compensation  along  the  tube  is  usually  made  un¬ 
necessary  by  using  a  large  bulb,  the  volume  of  which  is  great  com¬ 
pared  with  that  of  the  connecting  tube. 

Optical  primary  elements  are  single  or  multijunction  thermo¬ 
piles,  bolometers,  or  photocells.  In  the  case  of  photocells,  the 
preamplifier,  if  one  is  used,  may  be  considered  part  of  the  primary 
element. 

Among  the  electrical  primary  elements  are  thermocouples, 
temperature-  or  pressure-sensitive  resistance  coils,  and  elec¬ 
trodes,  the  potentials  of  which  are  responsive  to  chemical  condi¬ 
tions  such  as  pH,  or  the  oxidation-reduction  potential  of  a  sys¬ 
tem. 

Translating  or  Relay  Mechanism.  In  some  cases  the 
response  of  the  primary  element  may  be  sufficient  to  move  a 
pointer  directly  or  to  actuate  controlling  mechanisms.  More 


Figure  81.  Improvements  in  Standard  Boiling 
Point  Apparatus 
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Captions  to  illustrations,  page  607 


Figure  84.  ( Lower  right)  Air-Operated  Recording  and 

Indicating  Controller 

Courtesy,  Taylor  Instrument  Co. 

Figure  85.  (Upper  left)  Electronic  Type  of  Controller 

Courtesy ,  Wheelco  Instruments  Co. 

Figure  86.  (Center)  Photoelectric  High-Speed  Multiple- 
Point  Recorder  and  Controller 

Courtesy ,  C.  J.  Tagliabue  Manufacturing  Co. 

Figure  87.  (Lower  left)  Details  of  Recorder  Mechanism 

Courtesy ,  C.  J.  Tagliabue  Manufacturing  Co. 

Figure  88.  (Left  center)  Photoelectric  Indicating  Controller 

Courtesy ,  C.  J.  Tagliabue  Manufacturing  Co. 

Figure  89.  (Upper  right)  Speedomax  Recorder  for  Applica¬ 
tions  Requiring  High-Speed  Recording 

Courtesy ,  Leeds  &  Northrup  Co. 


Courtesy ,  Foxboro  Co. 

Figure  82.  Potentiometer  Controller 

frequently  the  effect  is  very  minute  and  to  avoid  disturbance 
of  the  primary  element,  or  to  augment  its  feeble  output,  some 
means  of  translation  is  essential.  Thus,  from  electrical  ele¬ 
ments  the  output  may  be  connected  to  a  delicate  galvanom¬ 
eter,  the  deflections  of  which  will  actuate  a  relay  and  initiate 
compensatory  or  regulatory  means.  The  motion  of  the  gal¬ 
vanometer  may  be  detected  mechanically  by  a  chopper-bar 


or  “feeler”  mechanism,  or  it  may  be  followed  without  physical 
contact  by  electronic  or  photoelectric  means.  In  the  balanc¬ 
ing  or  null  type  of  instrument,  the  relay  unit  starts  a  servo¬ 
mechanism  which  proceeds  to  balance  out  the  primary  signal 
and  restore  the  galvanometer  to  its  zero  position.  The  re¬ 
cording  mechanism  is  driven  by  the  same  mechanism  and 
follows  the  balancing  process,  thus  imposing  no  load  on  the 
primary  element  and  its  associated  galvanometer. 

Recording  Mechanisms.  The  pen  element  may  draw  a 
continuous  curve  on  the  chart,  or  in  its  place  a  multicolored 
print  wheel  may  periodically  record  as  high  as  sixteen  values 
from  as  many  stations,  each  appropriately  numbered.  Charts 
are  available  in  great  variety  and  usually  read  directly  in 
terms  of  the  measured  quantity — i.  e.,  temperature,  per  cent 
humidity,  flow  in  gallons  per  minute,  or  frequency  deviation 
in  cycles  per  second  plus  or  minus.  Corresponding  time  axes 
may  indicate  the  time  of  day  or  the  day  of  the  week  and  frac¬ 
tions  thereof.  As  an  indication  of  the  meticulous  attention 
to  detail  and  accuracy,  it  may  be  noted  that  in  many  record¬ 
ers  means  are  provided  to  compensate  for  chart  shrinkage  or 
expansion  due  to  humidity  changes.  In  many  instruments, 
although  the  chart  and  its  record  are  in  full 
view,  the  indicating  element  is  of  bold  dimen¬ 
sions  in  order  that  an  operator  or  attendant 
may  see  the  instantaneous  value  at  consider¬ 
able  distances. 

Control  Mechanisms.  The  actual  work 
to  be  done  by  the  instrument  in  controlling 
a  process  is  usually  derived  from  some  ex¬ 
ternal  source,  and  the  primary  element 
actuates  pilot  valves,  relays,  or  contactors  of 
one  form  or  another.  In  an  air-operated 
controller,  the  primary  element  controls  a 
pilot  valve  which  admits  compressed  air  to 
a  diaphragm  motor  or  thrustor.  A  similar 
arrangement  holds  for  hydraulic  control. 
In  electrically  operated  controllers,  relay 
switches  or  solenoids  are  actuated  which  are 
capable  of  direct  action  or  the  starting  of 
motorized  valves.  Alternatively  the  output 
of  the  primary  element  may  be  amplified  or 
caused  to  excite  thyratron  tubes  which  supply 
the  energy  without  any  other  intermediary. 


Courtesy,  Foxboro  Co.  and  Corning  Glass  Works 

Figure  83.  Bank  of  Potentiometer  Controllers  for  Annealing  Glass 


Foxboro  Potentiometer  Controller.  This  in¬ 
strument,  shown  in  Figure  82,  will  maintain  the 
temperature  of  a  furnace  or  oven  at  a  value  which 
is  preset  on  the  temperature  dial.  This  set¬ 
ting  selects  a  potential  from  a  local  source 
and  opposes  it  to  the  potential  developed 
by  the  thermocouple.  A  sensitive  galva- 
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nometer  detects  the  difference  in  these  potentials.  A  depressor 
bar  periodically  seeks  out  the  galvanometer  pointer.  For  the 
zero  or  balanced  position  the  depressor  bar  just  grazes  the  edge 
of  the  pointer.  If  the  temperature  of  the  furnace  drops  slightly, 
the  deflection  of  the  galvanometer  pointer  will  now  impede  the 
depressor  bar  in  its  descent  and  will  permit  relays  to  close  and 
supply  more  heat  to  the  furnace.  A  pointer  motion  of  0.001  or 
0.002  inch  is  sufficient  to  operate  the  controls. 

Compensation  for  changes  in  temperature  of  the  thermocouple 
cold-junction  is  effected  by  a  small  coil  of  wire  having  a  high 
temperature  coefficient  of  resistance  which  introduces  the  correc¬ 
tive  e.  m.  f.  in  the  potentiometer  circuit. 

All  adjustments  are  made  from  the  outside.  In  addition  to  the 
knob  for  the  12-inch  temperature  scale,  there  is  a  mechanical 
zero  setting  and  a  standardizing  knob.  A  feature  of  great 
convenience  and  economy  is  the  motor  drive  mechanism,  the 
shaft  of  which  can  be  coupled  to  similar  controllers.  As  shown 
in  Figure  83,  groups  of  controllers  can  be  driven  by  one  motor. 

The  instrument  is  available  with  a  variety  of  switch  contactors 
and  is  also  supplied  in  the  resistance  thermometer  type.  Another 
type  provides  for  throttling  control,  and  for  operating  propor¬ 
tioning  valves.  Units  are  also  built  to  utilize  air-operated  valves. 

Figure  83  illustrates  a  bank  of  these  controllers  which  were 
used  to  control  the  furnaces  in  the  annealing  of  the  200-inch 
glass  disk  for  the  Mt.  Palomar  telescope.  From  the  description 
of  this  operation  {22)  we  note  that  thermocouples  at  ten  scattered 
points  in  the  inner  surface  of  the  kiln  measured  the  temperature, 
each  being  connected  to  a  potentiometer  controller.  A  constant 
temperature  of  500°  C.  had  to  be  maintained  for  50  days  to  re¬ 
lieve  stresses  in  the  disk.  By  decreasing  the  dial  settings  of  the 
controllers  one  after  the  other  at  3-hour  intervals,  the  tempera¬ 
ture  could  be  reduced  at  the  rate  of  1  °  C.  in  30  hours  until  room 
temperature  was  attained. 

Taylor  Fulscope  Controller.  The  air-operated  recording  and 
indicating  controller  shown  in  Figure  84  is  typical  of  the  Bourdon 
spring  type  for  temperature  and  pressure  recording  and  control. 
Its  “pre-act”  feature  makes  control-valve  corrections  according 
to  the  rate  of  control-point  deviation.  The  throttling  range  has 
been  increased.  The  relation  between  pen  movement  and 
output  air  pressure  is  sufficiently  linear  to  permit  its  use  as  a 
remote  pneumatic  transmitter.  The  air  system  includes  an 
improved  relay  air  valve  with  precisely  drilled  sapphire  orifice, 
metal  disk  auxiliary  air  filters  to  supplement  a  large  external 
filter,  and  air  gages  mounted  inside  the  case  with  neoprene 
gaskets  to  accommodate  the  circular  apertures  in  the  door. 

The  case  is  drilled  and  tapped  to  accommodate  other  control 
mechanisms,  permitting  easy  conversion  from  one  type  of  con¬ 
troller  to  another  in  the  field.  The  actuating  systems  are  as¬ 
sembled  and  calibrated  on  a  new  style  of  subbase  which  when 
installed  in  the  instrument  assures  exact  location  of  the  Bourdon 
spring  for  accuracy  of  measurement. 

Wheeleo  Capadtrol  Controllers.  This  series  of  instruments, 
one  of  which  is  illustrated  in  Figure  85,  is  based  on  electronic 
means  of  control.  A  primary  element,  such  as  a  thermocouple, 


is  connected  to  an  indicating  millivoltmeter.  The  pointer  of  the 
millivoltmeter  carries  a  very  light  aluminum  vane.  Motion  of 
the  pointer  will  carry  the  vane  between  two  minute  coils  which 
are  connected  in  an  oscillating  circuit.  A  motion  of  the  vane  of 
as  little  as  0.002  inch  will  change  the  inductance  of  the  coils 
sufficiently  to  change  the  frequency  of  the  oscillator  and  operate 
a  relay,  which  controls  the  fuel  input  to  the  furnace  being  con¬ 
trolled.  No  contact  is  made  in  the  primary  control  circuit;  it  is 
merely  necessary  for  the  vane  to  move  within  the  plane  of  the 
coils.  The  desired  control  point  is  set  by  a  knob  at  the  top  of  the 
case,  which  moves  an  indicator  over  the  lower  portion  of  the 
scale  and  carries  with  it  the  oscillator  coils.  As  soon  as  the  milli¬ 
voltmeter  pointer  carrying  the  vane  finds  these  coils  the  control 
action  ensues. 

This  system  can  be  used  with  resistance  thermometers  and  is 
suited  in  either  class  for  proportioned  control  with  a  variable 
throttling  range.  A  large  signal  lamp  indicates  when  the  heat¬ 
ing  cycle  is  on,  and  successful  operation  is  visible  at  all  times, 
since  under  these  conditions  the  preset  pointer  and  indicating 
pointer  are  in  alignment  on  the  scale. 

Tagliabue  Recorders  and  Controllers.  The  balancing  of  a  record¬ 
ing  potentiometer  by  photoelectric  rather  than  by  mechanical 
means  seems  easy  enough  in  principle,  but  its  practical  attain¬ 
ment  involves  several  difficulties.  T  he  problem  is  one  of  stopping 
a  moving  light  beam  on  the  edge  of  a  phototube  without  any 
tendency  to  “hunt”  and  to  do  so  with  speed  and  precision.  An 
elegant  solution  has  been  given  by  Fairchild  and  Parsegian  {10) 
and  has  been  used  as  the  basis  of  the  Celectray  recorders  and 
controllers  (Figures  86  and  87). 

A  mirror  galvanometer  is  used  to  determine  the  condition  of 
balance  of  the  potentiometer  or  Wheatstone  bridge.  A  beam  of 
light  reflected  from  the  galvanometer  mirror  passes  the  “con¬ 
trolling  edge”  of  a  screen  placed  in  front  of  the  phototube.  The 
amplified  photocurrent  operates  relays  which  control  a  reversible 
motor.  The  motor  drives  the  slide-wire  contact  of  the  bridge  or 
potentiometer  in  the  correct  direction  to  reestablish  balance. 
The  exact  value  of  the  photocurrent  is  of  no  importance;  the 
phototube  is  merely  a  control  element  to  energize  the  relays. 
Hunting  or  oscillation  is  eliminated  by  introducing  a  time  lag 
in  the  amplifier  input,  and  for  speed  of  response  the  back  e.  m.  f. 
of  the  moving  galvanometer  is  canceled  artificially.  Com¬ 
plete  details  of  the  circuit  and  the  theoretical  treatment  of  the 
galvanometer  motion  are  given  by  Fairchild  and  Parsegian  {10). 

The  speed  of  response  with  this  arrangement  is  high:  20 
seconds  for  a  travel  of  10  inches  of  the  scale  for  an  accuracy  of  a 
few  hundredths  per  cent.  At  some  sacrifice  in  accuracy  (0.2  per 
cent)  of  balancing,  the  speed  may  be  increased  to  10  inches  in  2 
seconds. 

The  instrument  shown  in  Figure  88  is  an  indicating  controller 
designed  for  throttling  control  of  furnaces  and  ovens.  Like  the 
previous  instrument  it  employs  a  phototube,  mirror  galvanom¬ 
eter,  and  beam  of  light.  By  reciprocating  the  controlling  edge 
between  galvanometer  mirror  and  phototube,  throttling  control 
of  the  heat  is  obtained.  When  the  furnace  is  started  up,  the  beam 

illuminates  the  tube,  because  it  is 
beyond  the  throttling  zone  and  the 
heat  is  on  for  100  per  cent  of  the 
time.  As  the  temperature  approaches 
the  preset  value,  the  light  beam 
enters  the  region  of  the  reciprocat¬ 
ing  edge  and  is  periodically  cut  off, 
and  with  it  the  heat  supplied  to  the 
furnace.  As  it  advances  into  the 
throttling  zone  the  per  cent  of  “time- 
off”  increases.  If  it  goes  beyond 
this  zone,  the  power  to  the  furnace 
will  be  off  100  per  cent  of  the  time. 
Eventually  the  beam  will  assume 
a  position  at  which  the  energy  input 
to  the  furnace  balances  the  heat 
losses.  The  throttling  cycle  may  be 
2,  12,  30,  or  60  seconds,  as  specified, 
and  the  throttling  range  is  fully 
adjustable  from  zero  width,  inde¬ 
pendent  of  the  temperature  setting. 

An  ingenious  scheme  is  used  to 
give  visible  indication  of  the  instru¬ 
ment’s  performance.  A  45°  mirror 
intercepts  part  of  the  control  beam 
and  reflects  it  on  the  ground-glass 
scale  window  of  the  door.  At  balance 
a  brilliant  white  line  is  indicated;  if 
deflection  occurs  in  the  direction 
of  higher  temperatures  a  brilliant 
red  line  appears,  at  lower  tem¬ 
peratures  a  green  line.  Two  small 


Courtesy,  Bristol  Co. 

Figure  90.  Coordinated  Process  Control  in  the  Tobacco  Industry 


Courtesy,  Bristol  Co. 
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Figure  91.  Cycle-Controller  for  Coordinated  Process  Control 


609 

entirely  automatically,  the  time  is  reduced  to 
about  19  minutes  and  the  tobacco  contains 
from  30  to  60  pounds  of  water,  with  much 
more  uniform  penetration.  It  is  achieved  by 
alternate  evacuation  and  steam  admission  to 
the  large  drums  holding  the  tobacco.  The 
sequence  of  operations  is  carried  out  with  air- 
operated  Bristol  controllers.  As  many  as  40 
valves,  ranging  from  24  to  2  inches  in  size,  are 
operated  at  least  once  and  several  of  them  as 
many  as  six  times. 

The  cycle-controller  shown  in  Figure  91 
initiates  each  step  at  the  correct  time  and  ac¬ 
cording  to  a  schedule  which  was  found  to  yield 
the  optimum  performance.  The  camshaft  is 
driven  by  a  synchronous  motor;  each  cam  at 
the  appropriate  time  trips  a  pilot  valve  which 
admits  compressed  air  to  a  diaphragm  motor 
valve.  The  appropriate  gages  give  an  indica¬ 
tion  of  the  position  and  prevailing  condition 
in  each  valve.  To  control  this  process  by 
hand  would  be  humanly  impossible.  The  coor¬ 
dinated  control  system  automatically  initiates 
each  step  and  maintains  pressure  and  vacuum 
at  the  intended  values. 

When  it  is  considered  that  the  average-sized 
cigaret  factory  may  have  as  much  as  $1,000,000 
worth  of  tobacco  tied  up  at  all  times  in  the 
sweat  rooms,  the  advantages  of  automatic  con¬ 
trol  are  apparent. 


color  filters  mounted  on  the  ground  glass,  with  an  intervening 
clear  space,  furnish  this  very  useful  means  of  locating  the  pre¬ 
vailing  trend  at  considerable  distances. 

Leeds  &  Northrup  Speedomax.  This  instrument,  a  general 
view  of  which  is  given  in  Figure  89,  is  an  automatically  balancing 
direct  current  potentiometer  which  records  full-scale  changes  in 
1  5  seconds  or  less,  with  an  accuracy  and  sensitivity  which 
approach  the  readability  of  the  chart.  Over  one  hundred  of  these 
instruments  are  installed  in  steel  mills  for  recording  the  tempera¬ 
ture  of  hot  billets  as  they  pass  through  rolls ;  they  have  been  used 
to  record  radio  field  strength  speed,  and  to  record  temperature, 
pressure,  and  humidity  measurements  radioed  from  high  alti¬ 
tudes  (radio  sonde).  The  use  of  the  Speedomax  in  a  microphotom¬ 
eter  is  discussed  above. 

Numerous  papers  have  been  published  describing  the  Speedo¬ 
max  and  its  applications  ( 6 ,  50).  Briefly,  it  consists  of  a  direct 
current  potentiometer  which  measures  the  output  of  the  primary 
element.  An  alternating  current  signal  for  the  subsequent 
amplifier  stage  is  derived  from  the  imbalance  direct  current  volt¬ 
age  by  the  action  of  a  carbon-microphone  modulator  driven  at 
constant  amplitude  at  line  frequency.  The  alternating  current 
component,  resulting  from  a  direct  current  imbalance  in  the 
potentiometer,  is  amplified  and  with  a  push-pull  transformer  is 
applied  to  the  grids  of  two  thyratrons.  The  plates  of  the  thyra- 
trons  are  fed  with  an  alternating  current  voltage  which  is  in 
phase  with  the  alternating  current  driving  the  modulator. 
Therefore,  either  one  thyratron  or  the  other  will  fire  and  drive  the 
restoring  motor  in  the  correct  direction,  thereby  rebalancing  the 
potentiometer  and  moving  the  recorder  pen  proportionately. 

In  order  to  avoid  overshooting,  a  tachometer  is  coupled  to  the 
motor  shaft,  and  with  the  aid  of  a  special  circuit  feeds  back  an 
opposing  voltage  in  the  potentiometer  circuit,  which  is  propor¬ 
tional  to  the  square  of  the  speed.  In  this  way  the  speed  of  the 
restoring  motor  is  controlled  to  maintain  the  sum  of  the  tachom¬ 
eter,  unknown,  and  potentiometer  voltages  equal  to  zero.  Under 
these  conditions  the  speed  of  rebalance  is  proportional  to  the 
remaining  unbalance. 

Chart  speed  can  be  either  4  inches  per  hour  or  2  inches  per  min¬ 
ute.  Phenomena  of  exceptionally  short  duration  can  be  re¬ 
corded  with  a  wealth  of  detail  which  is  very  difficult  or  im¬ 
possible  by  other  means.  One  very  important  characteristic  of 
the  Speedomax  is  its  ability  to  measure  very  small  direct  current 
voltages  from  low  impedance  sources.  The  difficulty  of  this 
problem  is  appreciated  only  by  those  who  have  had  some  ex¬ 
perience  with  direct  current  amplifiers. 

Bristol  Coordinated  Process  Control.  As  an  example  of  the 
application  of  industrial  controllers  to  a  complex  series  of  opera¬ 
tions,  Figure  90  shows  an  installation  of  the  Bristol  Co.  in  a 
cigaret  factory. 

Partially  dried  tobacco  is  packed  into  hogsheads  and  aged  for 
several  years,  during  which  the  leaves  dry  out  and  become  very 
material.  This  is  usually  done  in  large  sweat  rooms  at  a  rela¬ 
tive  humidity  of  95  per  cent  and  a  temperature  of  100°  F.  About 
2  weeks  are  required  for  each  of  the  1000-pound  hogsheads  to 
absorb  6  to  8  pounds  of  water.  In  the  new  process,  controlled 


In  this  brief  treatment,  the  author  has  left  untouched  many 
important  points,  such  as  the  correct  use  of  instruments  in 


Courtesy ,  E.  Leitz ,  Inc. 

Figure  92.  Electrometric  Titra¬ 
tion  Apparatus 
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process  control.  Some  of  these  are  embodied  in  the  installa¬ 
tions  which  he  has  illustrated.  In  general,  an  exact  theoreti¬ 
cal  treatment  of  automatic  control  is  lacking,  and  many 
prominent  control  engineers  are  of  the  opinion  that  instru¬ 
mental  developments  are  far  ahead  of  application.  When  one 
is  dealing  with  complex  continuous  processes,  as  distinguished 
from  batch  operation,  there  are  process  lags,  surges,  and 
upsets,  which,  to  be  properly  accommodated  by  control  in¬ 
struments,  require  very  careful  study  and  calculation.  Much 
ingenuity  has  been  expended  in  devising  throttling  and  antici¬ 
patory  features  for  the  instrument,  but  the  intelligent  choice 
and  location  of  the  controller  are  often  very  difficult.  Notable 
progress  has  been  reported  in  several  papers  on  the  subject 
(14,  26,  27,  28). 

Instrumental  Methods  of  Analysis 

For  many  years  the  methods  of  physical  chemistry  have 
been  utilized  by  analytical  chemists.  In  recent  times  some 
of  these  methods  have  been  extended  to  the  completely  auto¬ 
matic  analysis  of  a  given  constituent  including  sampling, 
addition  of  reagent,  automatic  recording  of  the  result,  and 
initiation  of  alarms  or  appropriate  corrective  measures. 

We  shall  discuss  a  few  instrumental  methods,  some  of  them 
manual  and  others  automatic. 

Electrometric  Titrations.  Potentiometric  titrations 
have  been  used  for  many  years  and  form  the  basis  of  much 
of  our  knowledge  concerning  the  nature  of  acid-base  and 
oxidation-reduction  reactions.  As  a  practical  means  of 
routine  analysis  this  technique  has  not  found  too  general 
application,  because  of  the  complication  in  apparatus  or  the 
time-consuming  nature  of  the  operation.  Within  the  past  2 
years  numerous  compact  assemblies  of  apparatus  have  ap¬ 
peared  which  simplify  some  of  the  manipulative  requirements. 
One  of  the  latest  of  these  is  shown  in  Figure  92. 

The  Leitz  Electro-Titrator  developed  by  Garman  and  Droz  is 
characterized  by  compactness  of  assembly,  the  absence  of  trailing 
wires,  and  location  of  all  necessary  controls  for  the  convenience 
of  the  operator.  Distinctive  features  are  the  specially  designed 
stirring  motor,  with  silent  reduction  gear,  which  neither  stalls 
nor  hurls  the  solution  out  of  the  titrating  vessel,  a  convenient 
spring  clamp  for  holding  the  beaker,  and  adjustable  electrode 
holder  fitted  with  shielded  plug-in  connecting  cables.  The  elec¬ 
tron  tube  voltmeter  with  self-contained  batteries  is  characterized 
by  very  high  sensitivity  and  stability.  The  instrument  will 
detect  potential  differences  as  small  as  2  X  10~ 4  volt.  The  sensi¬ 
tivity  is  continuously  adjustable  by  means  of  the  control  at  the 
upper  left  of  the  panel.  This  control  carries  the  main  switch  and 
a  series  multiplier  for  the  meter.  The  input  impedance  is  high 
enough  to  permit  the  use  of  glass  electrodes,  and  indeed  the 
instrument  was  designed  primarily  for  this  type  of  electrode. 
For  ordinary  oxidation-reduction  titrations,  platinum-tungsten 
and  other  bimetallic  systems  may  be  used.  At  the  lowest  sensi¬ 
tivity  1  inch  of  deflection  corresponds  to  200  millivolts  and  at 


Courtesy,  Wilkens- Anderson  Co. 

Figure  93.  Glass  Electrode  Recorder 


the  highest  to  40  millivolts.  For  most  of  the  commoner  titra¬ 
tions  the  addition  of  one  drop  of  reagent  will  cause  nearly  full- 
scale  deflection.  The  high  input  impedance  is  best  illustrated  by 
the  ease  with  which  glass  electrometric  titrations  may  be  made  in 
nonaqueous  media  with  this  instrument. 

Glass  Electrode  Recorder.  Since  practically  all  mod¬ 
ern  glass  electrode  measurements  are  made  with  electron  tube 
voltmeters,  it  is  natural  that  the  instruments  are  being  ex¬ 
tended  to  the  use  of  automatic  recording.  Many  companies 
have  been  studying  this  problem  and  have  developed  equip¬ 
ment  for  the  purpose. 

One  of  these  installations  is  shown  in  Figure  93  in  which  the 
pH  values  are  recorded  on  an  ordinary  8.5  X  11  inch  cross- 
section  sheet.  The  recorder  can  be  connected  to  the  glass  elec¬ 
trode  system  by  means  of  a  shielded  cable.  A  motorized  valve 
sampler  and  the  electrode  assembly  are  mounted  close  to  the 
system  under  investigation  and  the  time  of  sampling  may  be  set 
for  operating  at  successive  intervals  of  0.5  to  6  minutes.  As 
with  most  recorder  controllers,  the  system  may  be  set  to  initiate 
appropriate  corrective  measures. 


Courtesy ,  General  Electric  Co. 

Figure  94.  Hydrogen  Gas  Analyzer 

Hydrogen  Analysis  Apparatus.  Measurement  of  the 
thermal  conductivity  of  gases  for  analytical  purposes  has 
been  used  for  many  years.  The  important  monograph  by 
Daynes  ( 9 )  devotes  some  350  pages  to  the  theory,  technique, 
and  applications  of  these  methods. 

The  chief  reason  for  the  design  of  the  hydrogen  analyzer 
shown  in  Figure  94  was  the  growing  use  of  hydrogen  for  cool¬ 
ing  large  machinery.  At  the  end  of  1939  over  1,500,000  kilo¬ 
volt-amperes  of  hydrogen-cooled  generators  were  under  con¬ 
struction  by  the  General  Electric  Company  at  Schenectady. 
The  first  installation  of  this  kind  had  been  made  only  2  years 
previously.  In  an  installation  of  this  type  it  is  necessary  to 
refill  the  casing  with  hydrogen  after  a  shut-down  for  inspec¬ 
tion  or  repairs.  In  doing  this,  it  is  customary  to  scavenge 
with  carbon  dioxide  until  the  latter  is  present  to  the  extent 
of  about  70  per  cent  and  then  hydrogen  is  admitted  until  the 
percentage  of  hydrogen  in  carbon  dioxide  is  about  97  per 
cent.  When  shut-down  occurs  and  it  is  necessary  to  remove 
the  hydrogen,  the  procedure  is  to  admit  carbon  dioxide  until 
the  percentage  of  hydrogen  in  carbon  dioxide  is  10  per  cent, 
after  which  air  may  be  admitted.  When  properly  carried 
out,  these  methods  preclude  the  possibility  of  an  explosive 
mixture  in  the  casing  and  prevent  unnecessary  waste  of  gas. 
Obviously,  an  exact  instrumental  indication  of  the  gas  com¬ 
position  at  each  stage  of  the  operation  is  necessary  for  satis¬ 
factory  results. 

The  complete  statement  of  this  problem  and  its  solution  by 
means  of  this  instrument  have  been  discussed  by  Hansen 
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Courtesy ,  General  Electric  Co. 


(Left)  Basic  Circuit  for  Gas  Analysis  by  Thermal  Conductance  Method 
( Center )  Filament  Assembly  for  Gas  Analyzer 
(Right)  Indicating  Alarm  System  for  Gas  Analyzer 


Table  III.  Relative  Values  of  Thermal  Conductivity 
of  Gases  and  Vapors  of  Liquids  at  0°  C. 

(Values  are  an  average  obtained  by  different  observers,  and  are  related 
to  air  as  unity.) 


Gas  or  Vapor 

Thermal  Conductivity 
Relative  to  Air 

Acetone 

0.406 

Air 

1.00 

Ammonia 

0.907 

Argon 

0.685 

Benzene 

0.370 

Carbon  dioxide 

0.590 

Carbon  disulfide 

0.285 

Carbon  monoxide 

0.959 

Carbon  tetrachloride 

0.288  (at  100°  C.) 

Chlorine 

0.323 

Ethyl  alcohol 

0.708 

Helium 

5.93 

Hydrogen 

7.01 

Hydrogen  sulfide 

0.648 

Methyl  alcohol 

0.592 

Neon 

1.92 

Nitrogen 

0.999 

Nitrous  oxide 

0.621 

Oxygen 

1.01 

Sulfur  dioxide 

0.344 

(15).  We  shall  discuss  a  few  points  in  this  paper  to  make  the 
operation  of  the  instrument  clear. 

Figure  95  (left)  shows  the  schematic  diagram  common  to  most 
thermal  conductivity  analyzers.  The  Wheatstone  bridge  will  be 
balanced  when  the  resistance  of  the  analyzer  arm  is  equal  to  that 
of  the  reference  arm.  At  ordinary  pressures  the  resistance  of  the 
analyzer  arm  will  depend  only  on  the  composition  of  the  gas 
surrounding  it  and  on  the  ambient  temperature  of  the  casing. 
Since  both  casings  are  contiguous  the  latter  requirement  is  met. 
Figure  95  (center)  shows  the  construction  of  the  filament  assem¬ 
bly  used  in  the  gas  analyzer. 

The  distinctive  feature  of  this  instrument  lies  in  the  indicating 
and  alarm  system.  Figure  95  (right)  gives  a  schematic  view  of 
the  indicating  and  alarm  system.  Deflections  of  the  galvanometer 
are  projected  on  the  translucent  scale  which  is  calibrated  empiri¬ 
cally  for  (1)  per  cent  hydrogen  in  air,  (2)  per  cent  hydrogen  in 
carbon  dioxide,  and  (3)  per  cent  carbon  dioxide  in  air.  A  portion 
of  the  galvanometer  beam  is  intercepted  by  a  cylindrical  mirror, 
so  that  for  any  deflection  that  portion  of  the  beam  is  reflected 
onto  a  phototube  connected  to  an  amplifier  and  relay.  An  ad¬ 
justable  alarm  mask  can  be  set  to  eclipse  any  portion  or  all  of 
the  cylindrical  mirror.  When  this  mask  is  set  for  a  particular 
concentration  limit,  the  excursion  of  the  fight  beam  beyond  this 
point  will  actuate  the  photoelectric  relay  and  sound  an  alarm. 
In  this  way  the  operator  has  a  continuous  visual  indication  of  the 


gas  composition  at  every  stage  of  the  operation  and  will  receive 
an  appropriate  alarm  whenever  the  composition  deviates  from 
predetermined  and  preset  values. 

This  apparatus  may  be  used  in  a  similar  manner  for  any 
mixture  of  gases  in  which  the  relative  values  of  thermal  con- 
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Courtesy ,  Fisher  Scientific  Co. 

Figure  96.  Carbanalyzer  for  Determining  Carbon  in 
Iron  and  Steel 
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Courtesy,  Rubicon  Co. 


Figure  97.  Automatic  Nitric  Oxide  Gas  Analyzer 


ductivity  of  the  individual  components  differ  sufficiently. 
Some  of  these  values,  which  are  given  by  Hansen  in  his  paper, 
may  be  of  interest  to  those  who  are  not  particularly  familiar 
with  the  subject,  and  are  reproduced  in  Table  III. 

The  design  of  apparatus  for  analysis  by  thermal  con¬ 
ductance  has  occupied  the  attention  of  numerous  manu¬ 
facturers  in  this  country  for  some  time,  following  the  very 
fundamental  work  initiated  by  Weaver  (9)  at  the  Bureau  of 
Standards. 

Magnetic  Determination  of  Carbon  in  Steel.  The 
routine  determination  of  carbon  in  steel  is  a  necessary  opera¬ 
tion  in  every  steel  plant.  The  standard  combustion  methods 
have  been  subject  to  every  known  improvement  and  refine¬ 
ment,  in  order  to  obtain  the  necessary  information  in  the 
minimal  time.  Some  years  ago  it  was  found  that  under  ap¬ 
propriate  conditions,  the  magnetic  properties  of  a  chilled 
sample  might  be  used  as  a  reliable  index  of  the  carbon  con¬ 
tent. 

One  of  these  methods,  developed  by  the  research  division  of  the 
Jones  and  Laughlin  Steel  Corporation,  is  embodied  in  the  Fisher 
Carbanalyzer  shown  in  Figure  96.  In  this  instrument  a  sample 
of  the  melt,  which  has  been  poured  and  chilled  in  a  special  de¬ 
mountable  mold,  is  introduced  into  a  sample  holder  at  the  right 
of  the  instrument.  After  pressing  a  button  several  times,  thus 
submitting  the  sample  to  a  preliminary  demagnetization  cycle, 
another  button  may  be  pressed,  yielding  a  deflection  on  the  meter 
which  is  a  measure  of  the  magnetic  permeability  of  the  sample. 
Since  the  sample  is  of  uniform  size,  this  measurement  may  be 
correlated  with  the  carbon  content  of  the  steel  from  a  calibration 
curve  which  was  originally  prepared  from  samples,  the  carbon 
content  of  which  was  determined  by  standard  chemical  methods. 

The  importance  of  the  method  lies  in  the  fact  that  with  its 
aid  the  steel  plant  melter  can  determine  the  carbon  content 
within  ±0.02  per  cent  within  3  to  5  minutes.  As  is  to  be  ex¬ 
pected,  special  calibrations  are  required  for  some  of  the  more 
complex  alloy  steels,  but  careful  studies  have  shown  that  for 


a  given  class  of  alloy,  unambiguous  results  for  the  carbon  con¬ 
tent  may  be  obtained. 

Automatic  Gas  Analysis.  We  have  already  discussed 
the  use  of  thermal  conductivity  in  analyzing  gas  mixtures. 
An  alternative  approach  to  the  problem  is  to  submit  the  gas 


Figure  98.  Recorder  Chart,  Nitric  Oxide  Recorder 
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of  any  moving  parts.  The  instrument  is  calibrated  against  a 
single  buffer,  by  one  operation,  after  which  the  pH  of  any  solu¬ 
tion  can  be  read  directly  on  the  meter.  The  meter  has  three 
scales:  pH  1  to  6,  pH  6  to  11,  and  0  to  250  millivolts.  The  pH 
values  can  be  read  to  0.01  unit  and  are  guaranteed  to  be  accurate 
to  ±0.05  pH  unit.  An  ambient  temperature  compensator  is 
provided. 

This  instrument  combines  the  dependability  of  potentiometer- 
type  instruments  with  the  direct-reading  advantages  of  elec¬ 
tronic  voltmeters  and  requires  a  smaller  number  of  adjustments 
than  either  type.  It  may  also  serve  as  a  0-  to  500-millivolt  range 
voltmeter  and  as  a  direct-reading  titrimeter  for  pH  titrations. 
For  the  latter  purpose  it  is  supplied  with  a  titrating  stand  similar 
to  that  used  in  the  Leitz  Electro-Titrator  (Figure  92). 


Courtesy,  Industrial  Instruments,  Inc. 

Figure  100.  Solu-bridge,  for  Analysis  by  Electro¬ 
lytic  Conductance 


Conductometric  Analysis.  Chemical  analysis  by  con¬ 
ductometric  titrations  has  been  practiced  for  more  than  half 
a  century,  but  the  tediousness  of  these  measurements  has  in 
general  excluded  them  from  all  but  fundamental  research 
studies.  The  empirical  use  of  electrolytic  conductance  has 
its  advantages,  and  in  a  few  cases,  notably  in  sugar  ash  analy¬ 
sis,  has  proved  its  worth. 

In  Figure  100  is  shown  a  compact  electronic  conductivity 
bridge  which  may  be  used  for  measurements  of  this  sort.  In 
characteristic  electronic  fashion  a  “magic  eye”  tube  is  used  as 
the  bridge  balance  null-indicator.  The  bridge  slide-wire  is  cali¬ 
brated  to  read  directly  the  concentration  of  a  particular  elec¬ 
trolyte  in  parts  per  million. 

With  suitable  calibrations  and  restricted  to  a  particular 
application,  such  instruments  are  very  valuable  for  checking  the 
purity  of  distilled  water,  steam  condensate,  rinse  waters,  etc. 

It  will  probably  be  a  long  time  before  the  full  resources  of 
instrumentation  will  be  applied  in  the  analytical  laboratory. 
This  is  due  in  part  to  the  understandable  reluctance  of  analysts 
to  accept  a  new  method  until  they  have  sufficient  assurance 
that  deviation  from  the  classical  methods  will  produce  wholly 
dependable  results,  even  though  it  offers  apparent  advantages 
in  speed  and  convenience.  There  are  few  industries  that  are 
quicker  to  apply  the  latest  advances  than  the  automotive 
industry.  As  an  example  of  assiduous  devotion  to  instru¬ 
mentation  we  may  mention  the  new  research  laboratories  of 


mixture  to  appropriate  chemical  treatment  and  then  sub¬ 
ject  the  system  to  automatic  optical  analysis, 

A  very  successful  industrial  installation  of  this  type  is  shown 
in  Figure  97.  The  concentration  of  nitric  oxide  in  manufactured 
gas  depends  to  a  great  extent  upon  operating  conditions  and,  in 
general,  is  subject  to  wide  and  sudden  fluctuations.  It  has  been 
shown  that  extremely  minute  amounts  of  nitric  oxide  lead  to 
gum  formation,  with  a  consequent  danger  of  valve  and  orifice 
plugging.  This  recorder,  built  by  the  Rubicon  Company,  makes 
a  complete  analysis  of  the  nitric  oxide  content  of  gas  and  regis¬ 
ters  the  result  on  a  moving  chart.  The  record  is  directly  in 
grams  per  million  cubic  feet  of  gas. 

The  apparatus  consists  of  a  chemical  cabinet,  where  the  me¬ 
tered  and  scrubbed  gas  is  combined  with  a  small  amount  of 
butylene  that  contains  a  definite  percentage  of  the  catalyst  buta¬ 
diene,  after  which  a  definite  amount  of  commercial  oxygen  is 
admitted.  After  this  operation  the  mixture  is  brought  into  inti¬ 
mate  contact  with  a  measured  amount  of  Griess  solution  which 
reacts  with  the  oxidized  nitric  oxide  to  form  an  azo  dye.  The 
solution  assumes  a  characteristic  color  which  varies  from  a  light 
pink  to  a  purple  red,  depending  on  the  amount  of  nitric  oxide 
originally  present  in  the  sample  of  gas.  The  light  absorption  is 
measured  automatically  by  a  differential  photometer  consisting 
of  a  constant-intensity  light  source  and  two  Weston  photronic 
cells.  These  cells  are  connected  in  opposition  through  a  load 
resistor,  and  the  net  difference  of  potential  due  to  the  light  ab¬ 
sorption  of  the  colored  sample  is  fed  to  a  standard  Micromax 
recorder.  The  standard  range  of  the  recorder  is  0  to  15  grams 
per  million  cubic  feet  of  gas  (Figure  98). 

The  capacity  of  the  solution  bottles  (scrubbing  and  color  re¬ 
agent)  is  limited  to  one  week  of  continuous  operation.  The  oxy¬ 
gen  and  butylene  cylinders  need  replacement  once  every  3 
months.  All  solutions  can  be  made  up  in  any  laboratory  where 
a  supply  of  distilled  water  free  of  nitrite  is  available.  The  cy¬ 
cling  of  all  operations  is  entirely  automatic  and  a  continuous 
record  of  the  analysis  is  apparent  to  the  operator  at  all  times. 
Periodic  replenishment  of  the  solutions  as  indicated  above  and 
inspection  of  the  light  source  at  5-week  intervals  is  the  only  at¬ 
tention  required. 

This  is  an  excellent  illustration  of  instrumentation  applied 
to  a  standard  and  well-known  method  of  chemical  analysis. 
The  importance  of  the  determination  and  the  economics 
involved  justify  the  elaboration  in  equipment.  In  principle, 
the  thousands  of  colorimetric  methods  which  are  known  and 
used  are  entirely  susceptible  to  the  same  treatment. 

Automatic  pH  Meter.  Indicative  of  recent  trends  in 
the  design  of  glass  electrode  equipment  is  the  Leitz  G.  and  D. 
automatic  pH  meter  (Figure  99) . 

This  instrument  is  based  on  the  Poggendorf  voltage  compensa¬ 
tion  method,  except  that  manual  balancing  has  been  eliminated. 
Potentiometric  balance  is  secured  electronically  without  the  use 


Courtesy ,  E.  Leitz ,  Inc. 
Figure  99.  Automatic  pH  Meter 
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Figure  101.  Ferrous  Research  Laboratory 


Courtesy ,  Chrysler  Cory. 


Courtesy,  General  Motors  Research  Laboratories 

Figure  102.  Static  Balancing  Machine 


the  Chrysler  Corporation.  A  view  of  its  routine  Ferrous  Labo¬ 
ratory  is  shown  in  Figure  101,  in  which  the  entire  surround¬ 
ings  are  in  keeping  with  the  modern  nature  of  the  equipment 
used. 

It  is  probably  true  that  despite  the  great  number  of  instru¬ 
ments  to  be  found  in  modem  analytical  laboratories,  the  field 
of  instrumental  analysis  is  largely  unexplored.  Many  of  the 
methods  that  are  used  in  physical  chemistry  still  lack  appli¬ 


cation  in  analysis,  and  in  the  author’s  opinion  future  develop¬ 
ments  must  come  from  the  instrumental  side — that  is,  reduce 
existing  research  equipment  to  a  convenient  and  practicable 
form  for  the  use  of  the  analyst.  There  is  no  serious  lack  of 
appreciation  of  these  methods,  but  rather  the  realization  that 
until  they  can  be  reduced  to  a  rapid  and  convenient  proce¬ 
dure,  they  must  continue  to  remain  primarily  as  research  tech¬ 
niques.  The  field  of  electronic  instruments  promises  to  change 
this  picture  very  soon  and  indeed  we  already  have  several 
illustrations  in  the  case  of  glass  electrode  and  electron  tube 
voltmeters  and  photoelectric  photometers. 

y  =  f(x) — Coordinatographs 

Following  Behar’s  stimulating  editorial  ( 8 )  we  use  two  ex¬ 
pressions,  the  first  having  the  telegraphic  brevity  of  mathe¬ 
matics,  the  second  a  more  restrictive,  albeit  awkward,  conno¬ 
tation  of  any  device  which  indicates  or  automatically  records 
the  mutual  values  of  two  variables,  neither  of  which  is  time. 

Many  old  and  familiar  instruments  fall  in  this  classifica¬ 
tion  and  the  needs  of  industry  create  new  demands.  Very 
frequently  the  engineer,  physicist,  or  chemist  is  required  to 
develop  some  method  for  evaluating  a  property  or  condition 
which  defies  exact  scientific  definition.  Avoiding  for  the 
moment  such  highly  subjective  qualities  as  taste  and  odor,  we 
may  mention  hardness,  comfort,  wear,  durability,  useful  life, 
etc.  A  little  study  often  suggests  two  variables,  the  func¬ 
tional  relationship  of  which  should  give  the  desired  informa¬ 
tion,  and  if  these  variables  are  simple  enough  and  measur¬ 
able,  we  have  the  basis  of  a  useful  instrument.  Mathematical 
exactness  is  usually  lost  somewhere  in  the  journey,  inasmuch 
as  the  “function”  is  rarely  reducible  to  fundamental  concepts. 

The  importance  of  such  devices  is  evident.  With  an  ac¬ 
ceptable  and  reproducible  criterion  available,  the  chemist  can 
study  the  effect  of  composition,  impurities,  and  details  of 
procedure  with  greater  assurance  of  success. 

We  may  start  this  discussion  with  a  device  which,  although 
it  is  primarily  a  tool  and  seemingly  involves  the  element  of 
time,  may  be  used  as  a  criterion  of  homogeneity. 

The  static  balancing  machine  shown  in  Figure  102  is  designed 
to  balance  disks,  flywheels,  and  other  similar  parts  where  the  un¬ 
balance  is  in  only  one  plane.  The  part  to  be  balanced  is  sus¬ 
pended  and  spun  by  a  motor.  The  shaft  is  located  by  three 
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tests  is  usually  automatic  in  order  to  eliminate 
personal  variations  and  to  assure  reproduci¬ 
bility. 

As  a  typical  example  of  this  class  of  instrument 
we  may  discuss  the  Scott  testing  machine  shown 
in  Figure  103.  This  instrument  is  characterized 
by  a  constant  rate  of  specimen  loading — that  is, 
it  applies  a  definite  unit  of  load  per  unit  of  time 
to  the  sample — and  can  be  made  to  relieve  the 


LOAD 


ACTUAL  STRETCH 


Courtesy ,  Henry  L. 

Scott  Co. 

Figure  104.  Ten¬ 
sile  Strength 
Elongation  Test 


load  at  the  same  rate. 
The  sample  is  mounted 
between  appropriately 
fashioned  clamps,  one 
at  the  fixed  clamp  on 
the  left,  the  other  in  the 
clamp  attached  to  the 
freely  rolling  carriage. 
The  hardened  and 
polished  stainless  steel 
plane  on  which  the 
carriage  is  free  to  roll 
is  tilted  in  clockwise 
manner  and  at  a 
definite  rate  by  the 
motor-driven  mecha¬ 
nism  shown  on  the 
right. 

The  stylus,  an  ordi¬ 
nary  ink  pencil,  is 
mounted  on  the 
carriage  and  rests 
lightly  against  the 
chart.  When  the  speci¬ 
men  breaks,  the  stylus 
is  automatically  lifted 
from  the  chart  and 
replaced  when  the 
machine  is  returned  to 
the  starting  point. 
With  the  chart-platen 
fixed,  the  record  will  be 
on  angular  ordinates. 
If  the  platen  is  moved 
uniformly  in  a  vertical 
direction,  the  record 
will  be  drawn  on  rec¬ 
tangular  coordinates. 
Frictional  losses  are 
entirely  negligible  for 
the  loads  in  question, 
since  the  wheels  are 
mounted  in  precision 
ball  bearings.  For 
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Analysis  of  Synthesized  Vibrations 


Courtesy ,  Henry  L.  Scott  Co. 

Figure  103.  Inclined  Plane  Testing  Machine 


livoted  rollers,  spring-loaded.  When  the  shaft  with  test  speci- 
nen  is  out  of  balance,  it  will  run  off  center  and  cause  the  roller 
irms  to  oscillate.  The  roller-arm  motion  is  transmitted  by 
evers  to  a  small  tilting  mirror.  The  motion  of  this  mirror  is  ob¬ 
served  by  reflecting  a  beam  of  light  from  its  surface  on  to  a 
polygonal  rotating  mirror  and  thence  to  the  translucent  screen 
(upper  left).  Oscillation  of  the  primary  mirror  causes  a  spot  of 
light  to  move  in  a  horizontal  direction  on  the  screen.  I  he  rotat¬ 
ing  mirror  causes  the  spot  of  light  to  move  in  a  vertical  direction 
on  the  screen  and  in  phase  with  the  rotation  of  the  shaft,  ine 
resultant  trace  for  the  unbalanced  condition  is  a  sine-wave ;  tor 
perfect  balance  a  vertical  fine  appears  on  the  screen.  The  screen 
is  calibrated  so  that  the  peak  of  the  wave  shows 
the  angular  position  of  the  unbalance.  The 
amplitude  of  the  sine-wave  measures  the 
amount  of  unbalance  in  ounce-inches.  It  may 
also  be  calibrated  to  yield  directly  the  appro¬ 
priate  drill  depth  for  correcting  the  unbalanced 
condition. 

This  machine  is  indispensable  for  the  ad¬ 
justment  of  rotating  parts  in  fine  machines 
and  instruments.  It  is  evident  that  in  tests 
made  on  perfectly  symmetric  and  geomet¬ 
rically  balanced  specimens,  any  observed 
unbalance  will  be  a  measure  of  inhomogeneity . 

Inclined  Plane  Testing  Machine.  The 
practical  utilization  of  most  materials  re¬ 
quires  definite  knowledge  of  such  characteris¬ 
tics  as  tensile  strength,  stretch,  hysteresis, 
or  fatigue.  In  one  case  the  sample  may  be 
a  rayon  fiber  or  a  microscopic  wire,  in  an¬ 
other  case  it  may  be  a  steel  girder.  The 
correlation  of  this  information  with  chemical 
composition  or  treatment  and  with  the  physi¬ 
cal  changes  to  which  the  material  has  been 
subjected  is  the  basis  of  much  of  modern  in¬ 
dustrial  research.  The  performance  of  these 
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A  simple  and  accurate  means  for  obtaining  this  in¬ 
formation  is  shown  in  Figure  106.  The  bottle  with 
sample  is  placed  on  the  balance  pan  and  is  suitably 
counterpoised.  A  known  weight  is  then  applied  and  the 
compression  plunger  is  gently  forced  into  or  upon  the 
sample  until  the  balance  pointer  is  brought  to  zero. 
More  weight  is  now  added  and  a  new  value  of  the 
plunger  is  found.  Successive  settings  give  a  series  of 
compression-load  values.  The  system  may  now  be  de- 
loaded  progressively. 

Typical  characteristics  are  shown  in  Figure  107  taken 
with  a  recently  developed  synthetic  wool  (left)  and 
staple  rayon  (right).  It  can  be  seen  that  the  regular 
staple  fiber  depresses  immediately  upon  the  slightest 
load,  after  which  a  linear  load  vs.  compression  character¬ 
istic  results.  On  returning  in  the  deloading  cycle,  the 
parallel  relation,  which  exists  in  the  improved  material 
(left),  does  not  appear  in  the  standard  fiber,  showing 
that  this  material  possesses  inferior  elastic  recovery. 
This  would  mean,  for  example,  that  cloth  made  from 
this  standard  staple  would  crush  more  easily  than  a 
fabric  made  from  the  new  material.  Related  data  would 
be  very  useful  in  appraising  rubber  products,  packing 
materials,  upholstery,  etc. 

In  the  cases  shown,  the  hysteresis  or  lack  of  resiliency 
is  given  quantitatively  by  the  area  enclosed  by  the 
loading-deloading  lines. 

Numerous  applications  of  this  instrument  have  been 
described  by  its  inventor  {86,  37,  4-1) • 

Evenness  Tester.  An  instrument  for  detecting 
variations  in  thickness  of  yarns,  lampwire,  paper,  tapes, 
and  other  materials  is  shown  in  Figure  108. 


Figure  106.  Compressometer  or  Gelometer 


lighter  loadings,  sapphire  jewel  bearings  are  used,  again  reducing 
losses  from  this  source  to  a  negligible  fraction  of  the  prevailing 
load. 

A  typical  example  is  shown  in  Figure  104  of  a  tensile  strength 
elongation  test  of  rayon.  This  autographic  record  reveals  a 
maximum  tensile  strength  of  7.85  with  an  ultimate  stretch  of 
14.5  per  cent.  The  yield  point  lies  at  3.2  in  the  load  direction. 
In  this  example,  the  sample  was  loaded  up  to  the  rupture  point. 
Additional  information  may  be  obtained  by  loading  up  to  any 
desired  fraction  of  the  maximum  tensile  strength,  then  deloading 
uniformly.  The  return  trace  in  its  relation  to  the  original  trace 
will  supply  information  on  hysteresis  and  fatigue. 

A  great  variety  of  materials  may  be  profitably  studied  by 
these  instruments — rubber,  textiles,  plastics,  wires  and  cables, 
and,  unhappily,  parachute  shrouds. 

“Comfort”  from  a  Cathode  Ray  Tube.  The  sources  of 
vibration  in  a  motor  vehicle  can  be  studied  individually  and 
corrective  means  can  be  devised  to  minimize  them.  The 
residual  effects  which  are  contributed  by  the  motor,  uneven 
road,  cross  winds,  and  tire  distortion  resiliencies  are  all 
blended  into  a  very  complex  pattern  made  up  of  the  various 
vibration  frequencies  with  their  corresponding  amplitudes. 

The  instrument  assembly  showm  in  Figure  105  enables  Chrysler 
research  engineers  to  synthesize  any  resultant  pattern  of  this 
sort.  From  the  large  signal  generators  in  the  background  groups 
of  frequencies  may  be  selected  at  any  desired  amplitude,  fed  into 
a  mixing  network,  and  then  applied  to  the  vertical  deflector 
plates  of  the  cathode  ray  oscillograph.  The  horizontal  plates 
supply  a  convenient  time  base.  The  resultant  pattern  appears 
on  the  oscillograph  screen  and  portrays  the  composite  result  of 
all  the  individual  disturbances.  In  this  manner  the  importance 
of  the  individual  components  may  be  studied  over  a  wide  range 
of  conditions  and  with  a  great  saving  of  time.  This  installation 
is  useful  for  fundamental  synthetic  studies  of  complex  vibrations 
and  is  not  to  be  confused  with  the  much  simpler  portable  devices 
or  “rideometers”  which  give  a  general  indication  of  riding  com¬ 
fort  in  a  test  car.  These  are  usually  of  the  accelerometer  or  vi- 
brometer  type. 


The  material  is  drawn  at  constant  speed  and  tension 
through  a  feeler  device  wrhich  rises  if  a  thick  section 
arrives  and  falls  if  the  material  is  too  thin.  The  feeler 
carries  a  small  mirror  which  reflects  a  beam  of  light  to  a  photo¬ 
cell.  Let  us  assume  that  the  height  of  the  photocell  is  so  ad¬ 
justed  that  the  light  beam  is  just  admitted  when  the  section  of 
material  in  the  feeler  is  at  its  nominal  value.  Any  increase  or  de¬ 
crease  in  thickness  will  move  the  beam  off  the  photocell.  The 
amplified  photocurrent  starts  an  electric  clock.  For  a  run  of 
definite  time,  the  reading  of  this  clock  will  record  the  fraction 
of  that  interval  during  which  the  material  exhibited  the  given 
thickness.  By  moving  the  photocell  up  or  dowm,  the  frequency  of 
distribution  of  thick  and  thin  places  can  be  determined. 

This  instrument  and  its  applications  to  the  general  prob¬ 
lem  of  determining  frequency  distribution  have  been  de¬ 
scribed  in  several  articles  {88-4-0). 


Compressometer  or  Gelometer.  Load  vs.  compression 
readings  afford  extensive  information  when  applied  to  such 
materials  as  gelatin,  glue,  staple  fiber,  folded  fabrics,  rolled 
cloth,  rubber  products,  paper  pulp,  and  many  others. 


COMPRESSION  cm. 

Courtesy,  Saxl  Instrument  Co. 

Figure  107.  Load-Compression  Characteristics  of  Spun 
Rayon  and  Synthetic  Wool 
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Figure  108.  Evenness  Tester  with 


Courtesy,  Testing  Machines,  Inc. 

Figure  109.  Folding  Endurance  Tester 

(Foreign  manufacture) 

Folding  Endurance  Tester1.  A  means  for  determining 


and  methods  have  been  devised  to 
interpret  and  reduce  such  informa¬ 
tion  to  unequivocal  terms.  Thus  in 
bending  fatigue  testers  it  is  possible 
to  subject  paper  and  like  materials 
to  repeated  90°  bends  under  various 
loads.  The  loads  are  usually  chosen 
in  definite  fractions  of  the  tensile 
strength.  A  linear  relation  exists 
between  the  logarithm  of  the  bend¬ 
ing  fatigue  number  and  the  corre¬ 
sponding  permanent  load  in  per  cent 
of  the  tensile  strength.  If  this  line 
is  extrapolated  to  zero  load,  the 
so-called  “ideal  bending  fatigue 
number”  can  be  determined.  This 
really  denotes  the  number  of  times 
a  material  can  be  bent  to  and  fro  at 
an  angle  of  2  X  90°  when  it  is  not 
under  tension.  This  number  de¬ 
pends  upon  chemical  treatment,  the 
influence  of  sizing,  etc.,  but  is  independent  of  the  formation  of 
a  sheet-machine  or  cross  directions,  thickness,  fiber  size,  or 
degree  of  beating. 

The  actual  individuality  of  a  given  sheet  of  paper  may  be 
ascertained  in  terms  of  what  is  called  the  “bending  break¬ 
ing  length”.  It  is  that  fraction  of  the  breaking  length  which, 
when  applied  as  a  load,  will  yield  a  bending  number  of  10 
(log  =  1.0). 

Thwing  Formation  Tester.  This  instrument,  shown  in 
Figure  110,  measures  objectively  the  quality  of  paper  known  to 
the  trade  as  “formation”.  The  sample  is  moved  at  high  velocity 
between  a  steady  fight  source  and  a  photoelectric  cell,  lhe 
variations  in  opacity  of  the  paper,  which  may  be  due  to  variations 
in  either  thickness  or  structure,  cause  a  fluctuation  in  the  photo¬ 
electric  current.  The  varying  current,  but  not  the  steady  com¬ 
ponent,  is  passed  on  to  an  alternating  current  amplifier  of  suit¬ 
able  frequency  characteristics  and  is  read  on  an  output  meter. 
The  steady  photocell  current  is  indicated  on  a  separate  meter. 
To  simplify  the  procedure,  the  steady  component  may  be  set  at 
a  standard  value,  whereupon  the  output  meter  will  indicate  the 
formation  number  of  the  sample  directly.  In  the  illustration, 
the  unit  on  the  left  contains  the  scanning  mechanism,  and  the  one 
on  the  right,  the  amplifier  and  indicating  meters. 

This  instrument  illustrates  the  ease  with  which  a  definite 
criterion  can  be  reduced  to  measurable  and  reproducible  terms, 
even  though  the  definition  of  the  quantity  in  fundamental  terms 
is  difficult. 


Courtesy,  Saxl  Instrument  Co. 

Photoelectric  Recorder 


the  folding  endurance  of  paper  of  all  kinds  from  tissue  paper 
to  light  board  is  shown  in  Figure  109  and  is  the  standard  of 
the  Technical  Association  of  the  Pulp  and  Paper  Industry. 


Plastograph  (Farinograph).  The  consistency  history 
of  complex  mixtures  often  affords  useful  information  for  the 


In  this  machine,  which  may  be 
hand  or  preferably  motor-driven,  a 
strip  of  paper  100  X  15  mm.  wide  is 
held  at  either  end  by  grips  under  1000- 
gram  tension.  A  slotted  blade  catches 
the  paper  in  the  middle,  folding  it  back 
and  forth  until  it  breaks.  The  number 
of  double  folds  sustained  by  the  paper 
is  recorded  on  the  dial.  In  1915  the 
United  States  Government,  Bureau 
of  Standards,  adopted  this  test  for  the 
evaluation  of  currency  paper,  which 
under  the  present  requirements  must 
sustain  no  less  than  2000  double  folds 
in  either  direction  to  be  acceptable. 
Values  obtained  by  this  instrument 
have  been  fixed  by  the  Government 
Printing  Office  for  evaluating  the 
quality  of  standard  papers. 

Other  instruments  have  been  de¬ 
veloped  for  obtaining  related  in¬ 
formation  on  materials  of  this  sort, 


Courtesy,  Thwing- Albert  Instrument  Co. 

Figure  110.  Formation  Tester 


1  Foreign  manufacture. 
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Figure  111.  Farinograph 


Courtesy ,  Brabender  Corp. 


proper  utilization  of  the  material.  Plastic 
materials  like  artificial  resins,  dyestuffs, 
greases,  clays,  starches,  and  cereals  can  be 
studied  with  profit.  While  a  consistency 
record  involves  time  as  a  variable,  the  effect 
of  temperature,  water  absorption,  or  the 
addition  of  other  ingredients  may  well  be  the 
independent  variable. 

The  farinograph  shown  in  Figure  111  is  a  form 
of  plastograph  for  obtaining  information  of  use 
in  the  baking  industry.  Dough  structure  is 
characterized  by  its  ability  to  absorb  more  or 
less  water  (absorption  consistency),  to  resist 
mechanical  abuses  for  a  shorter  or  longer  time 
(development,  stability,  weakening),  and  to 
give  a  larger  or  smaller  volume  (elasticity, 
distensibility).  The  farinograph  measures  and 
records  these  factors  over  a  certain  range  of 
time.  If  the  gassing  power  of  the  dough  is  meas¬ 
ured  under  comparable  conditions,  which  can 
also  be  done  automatically  in  the  fermento- 
graph,  the  baking  value  of  a  flour  can  be  evalu¬ 
ated  on  the  basis  of  dough  structure:  gassing 
power. 

In  this  instrument  a  small  mixing  bowl  is 
connected  to  a  freely  swinging  dynamometer 
mounted  in  ball  bearings.  The  resistance  which 
the  dough  exerts  toward  mixing  is  transferred 
to  the  dynamometer,  which  tends  to  equalize 
this  resistance  by  turning  in  the  opposite  direc¬ 
tion.  The  resultant  thrust  is  transmitted  to 
the  scale  system  through  levers.  The  end 
of  the  primary  lever  is  coupled  to  an  oil¬ 
damping  dash  pot  to  iron  out  abrupt  oscilla¬ 
tions.  The  scale  system  is  fitted  with  recording 
pen  and  chart.  Constant  temperature  is  main¬ 
tained  in  the  mixing  bowl  and  oil  damper  by 
the  thermostat  shown  on  the  left. 

In  a  typical  farinogram  several  aspects  of 
the  flour  character  are  revealed:  The  height 
of  the  curve  measures  dough  consistency, 
the  time  required  to  reach  this  height  reveals 
dough  development,  the  interval  through 


Courtesy ,  Brabender  Corp. 
Figure  112.  Extensograph 
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Fade-Ometer.  With  the  device  shown  in  Figure  113 
the  resistance  to  fading  of  colored  materials  can  be  deter¬ 
mined. 

A  rotating  drum  carrying  the  samples  assures  uniform  illumi¬ 
nation  at  a  constant  distance  from  the  glass-enclosed  carbon  arc. 
The  radiation  is  comparable  to  that  from  the  sun  and  permits 
an  accelerated  test  of  light  sensitivity  of  the  material.  During 
exposure,  the  samples  are  maintained  at  constant  temperature 
and  humidity.  The  device  is  widely  used  in  accelerated  tests  on 
textiles,  dyestuffs,  wallpaper,  printing  ink,  and  rubber  products. 

The  testing  methods  and  procedures  of  several  groups  such 
as  the  American  Association  of  Textile  Chemists  and  Color¬ 
ists,  American  Society  for  Testing  Materials,  National  Bu¬ 
reau  of  Standards,  and  Federal  Specifications  Board  include 
tests  based  on  this  machine. 

Weather-Ometer.  More  extensive  tests,  suitable  for 
evaluating  the  effect  of  several  factors  on  the  reliability  of 
materials,  can  be  made  with  the  Weather-Ometer  shown  in 
Figure  114. 

This  self-contained  unit  consists  of  a  carbon  arc  light  source, 
a  heavy  spray  of  water  to  simulate  the  mechanical  action  of  rain, 
and  a  mild  spray  to  produce  humidity.  The  samples  can  be  sub¬ 
jected  to  alternate  dryness  and  high  humidity,  enhancing  the 
thermal  shock  and  expansion  and  contraction.  Oxidation  can  be 
accelerated  by  the  use  of  ozone.  The  samples  are  mounted  ver¬ 
tically  on  a  rotating  drum  and  full  control  over  the  chosen  condi¬ 
tions  can  be  maintained  by  means  of  the  instruments  on  the  con¬ 
trol  panel.  ,  ,  ,  .  ,  , 

Service  failure  of  all  materials  intended  for  outdoor  use  may 
be  duplicated  rapidly  in  this  machine,  which  is  particularly 
convenient  for  studying  paint,  varnishes  and  lacquers,  enamels, 
asphalts,  roofings,  plastics,  rubber,  etc. 

Another  useful  machine  in  the  same  category  is  the  Launder- 
Ometer,  a  standard  laboratory  washing  machine  which  operates 


Courtesy,  Atlas  Electric  Devices  Co. 

Figure  113.  Fade-Ometer 


which  this  maximum  reading  persists  measures  dough  stability , 
the  width  of  the  recorded  envelope  measures  elasticity  and 
distensibility,  and  the  extent  to  which  the  reading  eventually 
recedes  from  the  maximum  indicates  weakening  of  the  dough. 

When  properly  correlated  with  fermentation-rate  data, 
this  information  predicts  baking  qualities  of  a  flour  and  indi¬ 
cates  to  the  expert  the  appropriate  fermentation,  kneading, 
and  baking  time  to  secure  the  best  results.  It  is  said  to  elimi¬ 
nate  the  need  for  the  sole  reliance  previously  based  on  baking 
tests.  Another  advantage  lies  in  the  ability  to  blend  strong 
and  weak  flours  to  yield  doughs  of  acceptable  characteristics. 

Extensograph.  As  one  might  expect,  a  single  physical 
characteristic  of  material  as  complex  as  dough  is  of  limited 
value.  The  values  furnished  by  the  farinograph  are  charac¬ 
teristic  of  the  dough  in  a  dynamic  or  “excited”  state.  After 
resting  it  may  show  markedly  different  properties;  some¬ 
thing  akin  to  “work  hardening”  has  occurred. 

The  extensograph  shown  in  Figure  112  supplements  the  find¬ 
ings  of  the  farinograph  in  this  respect.  After  a  specimen  of 
dough  has  been  mixed  in  the  farinograph  under  controlled  con¬ 
ditions  it  may  be  formed  into  an  appropriately  shaped  bil¬ 
let”,  firmly  clamped  in  the  dough  holder,  and  placed  in  the  ther¬ 
mostat  or  fermentation  cabinet  for  a  definite  time.  After  the 
selected  resting  time,  the  holder  with  its  sample  is  placed  in  the 
rack  (upper  right)  where  a  hook  engages  the  mid-section  of  the 
dough  and  proceeds  to  stretch  it  at  a  uniform  rate.  The  record¬ 
ing  pen  and  chart  draw  the  resulting  force-extension  curve. 
Evaluation  of  the  dough  is  based  on  the  area  under  this  curve. 

Measurements  of  this  kind  have  been  reported  for  typical 
American  wheats  in  a  recent  paper  (SI).  The  general  tech¬ 
nique  of  the  plastograph  is  capable  of  wide  application;  a 
recent  publication  deals  with  its  use  in  a  study  of  highway  sub¬ 
grade  soils  (85). 


Courtesy,  Atlas  Electric  Devices  Co. 

Figure  114.  Weather-Ometer 
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under  constant  temperature,  speed,  and  character  of  agitation. 
Under  carefully  specified  conditions  as  established  by  the  A.  A. 
T.  C.  C.  it  makes  possible  a  reproducible  evaluation  of  color 
fastness,  staining,  detergency,  shrinkage,  and  related  qualities. 

We  have  considered  relatively  few  instruments  and  ma¬ 
chines  devoted  to  the  general  problem  of  interrelating  two  or 


Courtesy ,  Wm.  Ainsworth  &  Sons ,  Inc. 

Figure  115.  Microbalance  with  Automatic 
Weight  C.arrier 


more  variables.  In  some  of  these  the  illustration  was  delib¬ 
erately  chosen  because  the  property  in  question  seemed  to 
defy  definition,  much  less  promise  accurate  measurement. 
There  has  been  no  dearth  of  mechanical  skill  and  ingenuity  in 
the  past  in  designing  instruments  and  machines  to  perform 
difficult  tasks.  The  resources  of  the  present  are  so  rich  and 
full  of  subtle  promise  that  one  may  expect  startling  ad¬ 
vances.  In  this  respect  the  cathode  ray  oscillograph  will 
bear  watching.  Without  moving  parts,  and  with  almost  un¬ 
limited  versatility,  it  will  be  the  basis  of  many  coordinato- 
graphs  of  the  future. 


Microchemistry 

The  excellence  of  American  microchemistry  is  amply  illus¬ 
trated  by  the  number  of  articles  published  on  this  subject, 
the  many  laboratories  devoted  to  this  work,  and  a  degree  of 
general  interest  in  the  field  which  justified  the  establishment 
of  a  separate  section  under  that  heading  in  the  Analytical 
Edition. 

Several  factors  have  contributed  to  the  rapid  growth  of  this 
subject — the  pioneer  work  of  Chamot  and  Mason  in  chemical 
microscopy,  the  early  introduction  into  this  country  of  the 
methods  of  Pregl  and  Emich  by  Niederl  and  Benedetti-Pich- 
ler,  and  the  application  and  extension  of  these  techniques  to 
the  problems  of  industry  by  Clarke  andHermance,  Royer, 
Hallett,  and  others.  Aside  from  their  publications,  these 
investigators  laid  the  foundations  for  the  sound  development 
of  the  subject  in  several  ways.  The  Cornell  and  New  York 
University  groups  established  thorough  courses  of  instruction 
and  with  an  enthusiastic  group  of  students  “spread  the 
gospel”  and  also  provided  suitable  textbooks  (4,  5,  34). 
The  industrial  group  accomplished  new  wonders  with  these 
techniques  and  effectively  sold  them  to  responsible  manage¬ 
ment. 

The  apparatus  and  instrument  makers  of  the  country  have 
not  been  slow  to  respond  to  the  interest  in  microchemical 
methods.  Microscopes  in  great  variety  and  with  appropriate 
accessories  are  available,  reliable  microbalances  have  been 
designed  and  manufactured,  and  most  dealers  and  supply 
houses  list  all  the  glassware,  tools,  and  minutiae  essential  for 
this  work.  In  characteristic  American  fashion,  the  initial 
policy  of  duplicating  and  copying  the  standard  apparatus 
was  soon  discarded  and  the  newer  offerings  are  modernized, 
more  desirable  and  efficient,  standardized,  and  in  general 
tending  toward  our  usual  goal — better  and  yet  cheaper. 


Courtesy,  E.  H.  Sargent  &  Co. 


Figure  116.  Carbon-Hydrogen  Micro  apparatus 
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Courtesy f  E.  H.  Sargent  &  Co. 

Figure  117.  Detail  of  Carbon-Hydrogen  Microapparatus 


The  Ainsworth  microbalance  (Figure  115)  illustrates  some  of 
the  advances  which  have  been  made.  It  has  a  capacity  of  20 
grams  on  each  pan  with  a  sensitivity  of  10  divisions  for  0.01  nig., 
permitting  estimation  in  fractions  of  a  microgram.  An  optical 
lever  is  used  instead  of  a  reading  lens,  eliminating  errors 
due  to  parallax.  A  narrow,  intense  beam  of  light  moves 
across  a  zero  center  scale  having  100  divisions  on  each 
side.  Each  division  is  0.5  mm.  wide  and  corresponds 
to  1  microgram.  A  keyboard-operated  weight  carrier 
avoids  handling  all  fractional  weights  up  to  and  includ¬ 
ing  100  mg.,  making  available  a  total  of  221  mg.  This 
arrangement  assures  remarkable  constancy  of  these 
weights  over  long  periods  of  time.  A  special  model  of 
this  balance  for  work  of  the  highest  precision  is  provided 
with  a  weight  carrier  on  both  sides,  which  permits  rapid 
intercalibration  of  the  fractional  weights  under  ideal 
conditions. 

Universal  Carbon-Hydrogen  Microapparatus. 

The  modern  and  efficient  unit  shown  in  Figures  116 
and  117  was  designed  by  E.  H.  Sargent  &  Co.  to 
accommodate  the  glass  parts  of  all  the  commonly 
employed  combustion  trains,  and  to  eliminate  the 
unstable  and  inconvenient  support  arrangements 
heretofore  used. 

In  addition  to  the  heavily  plated  posts,  rails,  and 
supporting  clamps,  the  apparatus  contains  a  specially 
designed  furnace,  with  the  winding  tapered  for  most 
efficient  heat  distribution,  and  with  a  permanently  in¬ 
stalled  thermocouple  in  the  lower  section.  The  solid 
brass,  chromium-plated  mortar  contains  its  own  elec¬ 
trical  heating  element  which  is  controlled  by  a  self- 
contained  thermostat  preset  at  177°  C.  The  preheater 
furnace  is  a  tubular  unit  enclosed  by  a  chromium-plated 
cylindrical  case.  It  is  connected  to  the  switchboard  circuit 
by  an  individual  cord  and  receptacle  in  the  rear  of  the 
base. 

The  control  unit  (Figure  118)  is  provided  with  in¬ 
dividual  switches  and  pilot  lamps  for  furnace,  mortar, 
and  preheater.  The  furnace  temperature  is  controlled 
by  a  variable  transformer  with  adjusting  knob  and  index 
dial.  An  indicating  pyrometer  is  specially  calibrated  to 
read  directly  the  temperature  inside  the  glass  or  quartz 
combustion  tube. 

This  unit  is  an  excellent  example  of  a  current  trend 
in  the  apparatus  industry — to  reduce  a  complex  array 
of  individual  pieces  of  apparatus  to  a  compact  well- 
integrated  unit,  and  to  apply  the  full  resources  of 


modern  materials  of  construction  and  up-to-date  instrumen¬ 
tation. 

A  Typical  Industrial  Installation.  There  are  few 
places,  academic  or  industrial,  where  microchemistry  is 
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Courtesy ,  E.  H.  Sargent  &  Co. 

Figure  118.  Control  Unit  of  Carbon-Hydrogen  Micro¬ 
apparatus 
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control  rheostat,  vacuum  cock,  and  vacuum  gage.  On  the 
panel  below  is  another  electrolytic  cell,  using  a  mercury 
cathode.  Multirange  volt  and  ammeters  and  the  necessary 
switches  and  controls  are  integral  components.  The  radio  relay- 
rack  on  which  this  apparatus  is  mounted  marks  the  happy  mar¬ 
riage  of  radio  engineering  and  chemistry — not  strange  in  an  or¬ 
ganization  devoted  to  communications  research,  but  indicative 
of  the  profit  one  may  derive  from  the  resources  of  another  field. 
To  chemists  who  are  acquainted  with  the  tenpin  propensities  of 
glassware,  this  type  of  installation  promises  happier  times. 

Space  limitations  prohibit  the  discussion  of  many  other 
developments  from  this  laboratory.  Fortunately,  Clarke, 


Courtesy ,  Bell  Telephone  Laboratories ,  Inc. 

Figure  119.  Microscope  Bench  Unit 


studied  and  applied  with  greater  success  than  in  the  Bell 
Telephone  Laboratories.  The  approach  to  the  subject  in 
the  hands  of  this  group  is  usually  unconventional  and,  as 
might  be  expected,  highly  productive  of  new  techniques  and 
instruments. 


The  microscope  bench  unit  shown  in  Figure  119  was  specially 
designed  for  the  efficient  and  convenient  execution  of  all  opera¬ 
tions  required  in  microscopic  examinations.  The  microscope  is 
mounted  in  an  adjustable  well,  with  the  stage  at  arm  level. 
Individual  plug  outlets  at  the  sides  of  the  well  correspond  with 
their  color-coded  equivalents  on  the  control  panel  and  avoid 
interfering  wires  or  cables  to  supply  current  for  stage  heating, 
electrolysis,  micro  borax  bead  equipment,  and  other  operations. 
The  choice  of  illuminants  is  very  flexible  with  intensity  control  on 
the  panel.  Either  direct  or  substage  illumination  is  available. 

Other  details  and  conveniences  are  apparent  in  the  photograph, 
such  as  the  built-in  drying  oven,  slide  holder  and  dispenser,  rack 
for  capillary  tubes,  etc.  Drawers  in  the  cabinet  are  specially 
fitted  for  all  microscope  parts  and  accessories  and  for  reagent 
vials.  Every  detail  of  design  is  in  the  interest  of  neatness,  ef¬ 
ficiency,  and  convenience,  in  the  presence  of  which  chemical 

and  without  which  it  is  a  waste  of 


Courtesy ,  Bell  Telephone  Laboratories ,  Inc. 


microscopy  is  so  valuable, 
time. 

Figure  120  illustrates 
another  section  of  the 
microchemical  labora¬ 
tory.  The  two  electro¬ 
lytic  units  on  the  table 
at  the  right  are  control 
units  for  the  well-known 
Clarke  and  Hermance 
microelectrolytic  cells  for 
both  small  and  large 
volumes  of  electrolyte. 
The  complete  self-con¬ 
tained  control  units  may 
be  raised  from  the  per¬ 
manently  mounted  sup¬ 
port  rods  and  stored 
away  from  deleterious 
fumes. 

At  the  top  of  the  panel 
unit  on  the  left  is  the 
sublimation  microappa¬ 
ratus  with  accompany¬ 
ing  switches,  pilot 
lamp,  thermometer, 


Figure  120.  Modern  Industrial  Microchemical  Apparatus 


Courtesy ,  Wilkens- Anderson  Co. 


Figure  121.  Semimicroapparatus  and  Separator  Used  for  Instruction 
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Hermance,  and  their  co-workers  have  discussed  some  of 
them  in  recent  papers  (7,  8). 

Semimicroapparatus.  Despite  the  fact  that  “semi¬ 
micro”  is  anathema  to  some  professional  microanalysts,  its 
advantages  seem  to  be  increasingly  appreciated  by  educa¬ 
tional  institutions.  Many  of  them  have  abandoned  macro¬ 
methods  for  teaching  qualitative  analysis,  in  the  interest  of 
economy  of  time  and  material  and  in  improved  performance 
on  the  part  of  the  students.  Textbooks  on  semimicromethods 
have  been  published  from  Chicago,  Duke,  Oklahoma,  Pur¬ 
due,  and  New  Hampshire. 

Apparatus  manufacturers  and  dealers  have  assisted  greatly 
in  offering  convenient  student  kits  and  accessories,  a  typical 
example  of  which  is  shown  in  Figure  121.  With  the  aid  of 
the  separator  or  medium-speed  centrifuge  many  filtering 
operations  can  be  eliminated.  The  compact,  self-contained 
water  bath,  semimicroburner,  and  convenient  test-tube  and 
reagent  block  emphasize  the  adaptation  of  equipment  to  the 
problem  in  hand. 

It  is  undoubtedly  true  that  this  technique  promotes  more 
careful  work  on  the  part  of  the  student  and  introduces  him  to 
some  of  the  subtleties  and  niceties  requisite  for  true  micro¬ 
analysis. 

General  Laboratory  Appliances 

Practically  every  appliance  in  the  laboratory  is  subject 
to  constant  study  for  improvement.  Apparatus  and  equip¬ 
ment  manufacturers  have  expended  considerable  time  and 
effort  in  making  the  environment  and  working  facilities  of 
the  chemist  more  efficient  and  reliable.  We  may  mention  a 
few  of  the  aids  which  have  been  offered  recently. 

Barnstead  Full- Automatic  Water  Still.  The  distilled 
water  unit  shown  in  Figure  122  represents  a  number  of  im¬ 
provements  for  producing  distilled  water  of  high  purity . 

The  evaporators  in  Barnstead  stills  have  been  redesigned  and 
reproportioned  to  permit  distillation  at  lower  vapor  velocity  and 
to  provide  increased  steam  disengaging  space.  Extremely  low 
vapor  velocity  prevents  entrainment  of  impurities  in  the  vapors. 
The  evaporators  have  also  been  made  more  accessible  for  cleaning 
purposes,  and  heating  elements  have  been  developed  which  are 


Courtesy,  Barnstead  Still  &  Steriliser  Co.,  Inc. 

Figure  122.  Full-Automatic  Water  Still 


removable  from  the  sides  of  the  evaporator  without  dismantling 

the  equipment.  . 

The  system  illustrated  here  is  fully  automatic,  self-starting, 
self-stopping,  and  flushing,  with  appropriate  controls  such  that 
the  Barnstead  water  still  and  storage  tank  can  be  mounted  in 
combination  and  will  operate  entirely  without  attendants.  The 
still  is  started  and  stopped  automatically,  controlled  by  the  dis¬ 
tilled  water  level  in  the  storage  tank,  and  the  evaporator  is  auto¬ 
matically  drained  and  flushed  of  sediment  at  regular  intervals. 
This  system  is  particularly  useful  when  designed  to  provide  a 
central  source  of  distilled  water  for  a  distribution  system. 


Courtesy,  Industrial  Instruments,  Inc. 

Figure  123.  Automatic  Distilled 
Water  Checker 


This  is  one  of  a  complete  line  of  still  equipment  which  includes 
triple  stills,  special  stills  for  conductivity  water,  etc.,  for  either 
manual  or  automatic  operation  and  fitted  for  gas,  steam,  or  elec¬ 
trical  heating. 

Automatic  Distilled  Water  Checker.  Distilled  water 
may  be  appraised  by  various  criteria,  depending  on  the  use 
to  which  it  is  to  be  put — i.  e.,  electrolytic,  gaseous,  and  pyro- 


Courtesy ,  International  Equipment  Co. 

Figure  124.  Centrifuge 
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Figure  125.  Wells  Air  Centrifuge 
( Upper  right)  Carrier  for  Hot  Nutrient 
Medium  and  Sterilized  Tubes 

Courtesy ,  International  Equipment  Co. 


genic  impurities.  In  general  the  electrolytic  conductance  is  a 
fairly  reliable  measure  of  the  quality  of  distilled  water. 

The  instrument  shown  in  Figure  123  is  designed  for  the  con¬ 
tinuous  measurement  of  the  conductivity  of  water  and  in  addi¬ 
tion  to  the  continuous  indication  may  be  used  to  sound  an  alarm 
or  divert  the  water  to  waste  if  it  exceeds  the  arbitrarily  set  re¬ 
quirements.  The  instrument  is  an  electronic  conductivity 
bridge  fully  alternating  current-operated  with  a  built-in  voltage 
regulator  to  assure  accurate  calibration.  The  meter  is  calibrated 
in  parts  per  million  of  chloride  ion.  The  conductivity  cell  screws 
into  a  standard  connection  in  the  pipe  line  or  tank  containing  the 
distilled  water.  A  1-inch  magnetic  valve  is  available  as  an  acces¬ 
sory  and  if  desired  may  be  installed  in  the  pipe  line  to  drain  the 
water  whenever  the  output  is  unsatisfactory.  The  instrument  is 
housed  in  a  steel  cabinet  for  wall  mounting  in  any  desired  loca¬ 
tion. 

International  Centrifuge.  The  centrifuge  shown  in 
Figure  124  is  one  of  many  versatile  units  made  by  the  Inter¬ 
national  Equipment  Company,  which  can  be  fitted  with  a 
variety  of  heads  or  with  centrifuge  baskets. 


Courtesy ,  Precision  Scientific  Co. 

Figure  126.  Combination  Kjeldahl  Equipment  for  Digestions  and  Distillations 
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Courtesy,  Kewaunee  Mfg.  Co. 

Figure  127.  Modern  Laboratory  Furniture 


It  is  furnished  with  an  explosion-proof  3450  r.  p.  m.  motor,  a 
completely  enclosed  speed  regulator,  and  an  indicating  tachom¬ 
eter  which  is  mounted  on  the  lid.  The  dial  of  the  tachometer 
is  graduated  from  0  to  6000  in  steps  of  100  r.  p.  m.  Contact  is 
established  between  the  tachometer  shaft  and  the  tube  carrying 
head  by  means  of  a  rubber  tip. 

Wells  Air  Centrifuge.  This  instrument,  shown  in 
Figure  125,  is  made  by  the  same  company  and  is  introduced 
to  meet  the  need  for  a  convenient,  portable,  electrically 
driven  tester  to  facilitate  the  collection  of  bacteria  from  sam¬ 
ples  of  air  in  the  field  by  centrifugal  precipitation  upon  a 
nutrient  medium.  This  centrifuge  has  been  included  in  a 
standard  procedure  for  air  investigation  and  is  described  by 
Wells  et  al.  (49). 

The  device  consists  of  a  motor-drive  unit  upon  which  rests  an 
aluminum  cylinder  with  a  fan  above  it.  Sterilized  glass  tubes  are 
placed  inside  the  cylinder  and,  in  operation,  air  drawn  in  by  the  fan 
is  swirled  around,  bacteria  being  driven  centrifugally  to  the  walls 
of  the  glass  tube.  Just  before  use  20  to  25  ml.  °^Jrn^ec\a^r“ 
base  nutrient  medium  are  added  from  a  vacuum  bottle  to  the 
glass  tube.  In  operation  this  medium  flows  smoothly  over  the 
inner  surface  of  the  tube  and  hardens  thereon.  The  bacteria  are 
collected  directly  by  centrifugal  force  on  the  hardened  medium 
while  the  air  is  being  drawn  through  the  tube.  At  the  end  ol  the 
run  the  glass  tube  is  removed,  sealed,  and  placed  in  the  carrying 
base,  which  with  the  thermos  bottle  for  the  hot  nutrient  is  shown 
at  the  right.  A  manometer  is  provided  for  measuring  the  rate  ol 
air  flow  and  its  readings  can  be  interpreted  from  a  chart  mounted 
on  the  door  of  the  centrifuge.  ,  ,  _  ,  , 

The  instrument  is  designed  primarily  for  field  use  and  can  be 
used  wherever  electric  current  is  available,  as  in  school  rooms, 
theaters,  hospitals,  public  buildings,  and  subways.  If  work  is  to 
be  done  in  the  laboratory  with  pathogenic  organisms,  a  large  gas- 
burner  attachment  may  be  mounted  on  the  outlet  to  the  tan 
housing,  thus  ensuring  the  destruction  of  the  pathogens. 

Kjeldahl  Equipment.  The  Precision  advance  model  com¬ 
bination  Kjeldahl  equipment  for  digestions  and  distillations 
shown  in  Figure  126  has  twelve  units  each,  with  multitube 
distillation  bank  and  multihood  digestion  bank  heated  by  in¬ 
dividual  electric  heaters,  with  separate  30-ampere  double¬ 
pole  switch  for  each  heater.  The  multihood  fume-exhaust 
manifold  and  vertical  stack  are  built  of  tellurium  lead. 


Equipment  of  this  type  is  also  built  in  smaller  or  larger  as¬ 
semblies  in  multiples  of  six  units. 

Laboratory  Furniture.  There  is  no  question  that  the 
quality  and  quantity  of  work  emanating  from  a  laboratoiy 
depend  to  a  large  extent  on  the  convenience  and  utility  of  the 
general  equipment.  Great  strides  have  been  made  in  labora¬ 
tory  furniture  of  all  kinds  in  which  elegant  and  pleasing  ap¬ 
pearance  is  a  welcome  by-product.  The  use  of  stainless  and 
corrosion-free  materials  is  very  extensive  and  has  direct 
bearing  on  the  quality  of  the  work  which  can  be  done.  Typi¬ 
cal  illustrations  of  modern  laboratories  are  shown  in  Figures 
127  and  128.  For  some  years  the  Analytical  Edition  has 
devoted  a  few  pages  in  each  issue  to  a  description  of  new  labora¬ 
tories  and  there  is  hardly  one  which  does  not  contain  some 
new  and  useful  suggestion. 

Laboratory  Aids.  There  are  numerous  pieces  of  appara¬ 
tus  in  every  laboratory,  some  of  which  have  come  down  to  us 
practically  unchanged  from  the  earliest  chemists.  Some  of 
them  are  still  crude  and  inefficient  and  constant  sources  of 
annoyance.  Practically  all  apparatus  manufactuiers  aie 
constantly  developing  new  pieces  of  equipment  or  improving 
the  old  ones.  A  few  examples  of  parts  which  are  helpful  in 
taking  some  of  the  “cussedness”  out  of  the  inanimate  aie 
shown  in  Figure  129. 

The  Desicooler,  a  spun-aluminum  equivalent  of  the  heavy  and 
breakable  glass  desiccator;  Alkacid  paper  in  strips,  which  is  in 
effect  the  equivalent  of  a  universal  indicator;  Alkacid  dispenser, 
which  is  the  same  in  ribbon  form  on  a  reel;  the  Scoopula,  a  con¬ 
venient  stainless  steel  tool  combining  the  properties  of  a  scoop 
and  a  spatula;  the  “no-pop”  rubber  stopper  for  wash  bottles; 
the  aluminum  foil  dispenser;  the  buret  regulator,  a  very  ingeni¬ 
ous  clamp  which  permits  the  automatic  positioning  ol  the 
stopcock  in  two  locations,  one  for  fast  delivery,  the  other  for 
dropwise  delivery;  and  a  pipet  filler,  particularly  valuable  loi 
dangerous  or  poisonous  liquids. 

It  might  be  inferred  that  these  advances  are  small  and  in¬ 
consequential  and  that  almost  anyone  might  think  of  them. 
Actually,  they  represent  a  great  deal  of  thought  and  develop¬ 
ment  work  before  they  are  suitable  for  general  use.  Their 
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Courtesy,  Kewaunee  Mfg.  Co. 

Figure  128.  Modern  Laboratory  Furniture 


Courtesy,  Fisher  Scientific  Co. 

Figure  129.  Laboratory  “Widgets” 


value  is  best  attested  by  the  tremendous  demand  whenever  a 
real  time-  or  labor-saving  item  of  this  kind  is  introduced. 

Industrial  Design 

Industrial  designing  is^an  important  profession,  the  pur¬ 
pose  and  intent  of  which  are  frequently  misunderstood.  Al¬ 
though  engineers  were  at  first  reluctant  to  cooperate  with 
artists,  in  the  sense  that  they  resented  attempts  to  “pret¬ 
tify”  their  prosaic  instruments  and  machines,  these  two 
groups  now  enjoy  the  most  cordial  relations,  because  the  true 
function  of  industrial  design  is  to  select  materials  of  construc¬ 
tion  and  general  lines  of  the  instrument  or  machine  to  con¬ 
form  to  strictly  functional  principles. 

The  modern  designer  concerns  himself  first  of  all  with  the 
nature  of  the  machine,  its  intended  purpose,  and  the  exact 
sequence  of  operations.  His  problem  is  to  find  a  form  and  a 
suitable  medium  in  which  to  express  it,  so  that  the  final  prod¬ 
uct  shall  be  not  only  pleasing  in  appearance  but  most  con¬ 
venient  and  efficient  in  operation.  His  services  to  conserva¬ 
tive  engineers  have  been  successful  and  he  enjoys  their  full 


confidence;  he  has  had  a  hand  in  the  design  of  stream-lined 
locomotives,  motor  cars,  machine  tools,  and  other  robust 
structures  with  which  no  one  would  have  the  temerity  to 
associate  long-haired  artists. 

Recent  works  have  discussed  this  problem  in  detail  and 
have  indeed  developed  a  whole  philosophy  of  design  and 
extrapolated  its  effects  on  the  future  of  our  mechanized 
civilization.  Teague  (47)  is  particularly  concerned  with  these 
aspects  of  the  problem.  His  book  is  rich  in  illustrations,  pre¬ 
senting  a  convincing  argument  that  modern  design  is  chang¬ 
ing  the  ugly  machine  of  the  19th  and  early  20th  centuries  into 
a  thing  of  beauty.  More  directly  concerned  with  the  actual 
details  of  industrial  design  and  more  or  less  detailed  descrip¬ 
tion  of  the  techniques  is  Van  Doren  (48).  Of  less  direct  in¬ 
terest  but  with  the  same  general  theme  is  Norman  Bel  Ged- 
des’  “Magic  Motorways”  (11),  which  represents  an  elabora¬ 
tion  of  his  spectacular  panorama  at  the  1939-40  World’s  Fair 
in  New  York. 

Some  of  the  instruments  illustrated  in  this  review  show  the 
effects  of  due  consideration  for  these  important  details. 
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Practically  all  modern  instruments  show  a  degree  of  simplicity 
in  line  and  the  absence  of  ornate  embellishment;  a  plain  ex¬ 
terior  often  hides  added  complication,  but  in  the  interest  of 
ultimate  simplicity  in  operation.  This  is  best  illustrated  in 
that  most  complicated  of  all  modern  devices,  the  broadcast 
receiver. 


Training  in  Instrumentation 

There  seems  to  be  complete  unanimity  of  opinion  among 
instrument  manufacturers,  consumers,  and  a  few  of  our  educa¬ 
tors  that  the  graduates  of  our  educational  institutions  are 
woefully  ignorant  of  instruments.  As  a  rule  they  are  aware  of 
the  purpose  for  which  an  instrument  is  used  but  they  rarely 
know  very  much  about  its  construction,  the  principle  on 
which  it  is  based,  or  its  comparative  value  among  instruments 
of  the  same  general  class.  Perhaps  one  of  the  difficulties  is 
the  emphasis  which  is  placed  on  laboratory  work,  where  the 
object  is  more  frequently  to  confirm  some  fundamental  law 
or  principle.  If  the  student’s  belief  in  some  of  the  time- 
honored  laws  and  general  principles  were  to  be  based  solely 
on  his  experimental  verification  thereof,  he  could  be  expected 
to  have  very  little  abiding  faith  in  their  essential  truth.  As 
a  rule  when  the  suggestion  is  made  that  more  emphasis  be 
placed  on  the  acquisition  of  skill  and  a  sound  technique,  the 
academic  retort  is,  “Oh,  you  want  to  breed  a  race  of  techni¬ 
cians  who  have  little  comprehension  of  what  they  are  doing. 
The  author  submits  that  there  are  few  cultural  or  intellectual 
fields  that  do  not  require  a  definite  degree  of  virtuosity.  In 
music  the  aspiring  genius  must  subscribe  to  a  form  of  slavery 
which  extends  from  the  cradle  to  the  grave.  If  he  renounces 
this  discipline  and  its  multitudinous  exactions  he  will  never 
reach  the  concert  stage.  He  may,  of  course,  derive  some  di¬ 
luted  satisfaction  from  becoming  a  critic. 

The  plea  can  always  be  made  that  given  a  sound  theoretical 
background  the  student  can  readily  acquire  specialized 


techniques  as  he  needs  them.  Fortunately  for  our  personal 
welfare,  this  principle  has  not  been  adopted  by  those  who  are 
responsible  for  the  curriculum  in  our  medical  schools. 

Some  important  work  is  being  done  in  several  institutions 
where  the  importance  of  modern  instrumentation  is  recog¬ 
nized,  and  for  a  long  time  the  problem  has  not  been  so  serious 
in  our  engineering  schools,  where  the  nature  of  the  subjects 
perforce  requires  considerable  contact  with  instruments  of  all 
kinds.  Figures  130  and  131  are  illustrations  showing 
laboratories  that  are  devoted  to  instruction  in  instrumental 
methods. 

Instruction  in  Instrumentation.  An  excellent  example 
of  facilities  for  teaching  instrumental  methods  is  shown  in 
Figure  130,  which  depicts  the  optical  section  of  the  Labora¬ 
tory  of  Physical  Chemistry  at  Columbia  University. 


This  laboratory  has  all  the  usual  service  facilities— water, 
gas,  compressed  air,  steam,  and  110-220  volts  alternating  and 
direct  current.  This  particular  section  is  finished  in  dead  black 
for  convenience  in  optical  work.  Proceeding  in  clockwise  fashion 
from  the  upper  left  one  may  see  a  Hilger  small  quartz  spectro¬ 
graph;  a  Schmidt  and  Haensch  spectrophotometer;  a  Bausch 
&  Lomb  spectrometer  with  camera  attachment;  a  Huger  medium 
quartz  spectrograph  with  excitation  equipment  and  rotating 
sector;  a  Klett  photoelectric  colorimeter;  a  Pulfnch  refractom- 
eter  with  sodium  arc  source;  a  Bausch  &  Lomb  refractometer, 
Abbe  style;  a  Schmidt  and  Haensch  polaroscope  with  sodium  arc 
source;  and  in  the  foreground  a  photoelectric  radiation  mtegra- 


The  instruction  in  this  course  is  rigorous  and  the  student  is 
expected  to  become  thoroughly  familiar  with  the  principle 
of  operation  of  each  instrument  and  to  be  able  to  evaluate  the 
source  and  magnitude  of  all  errors.  The  general  assumption 
is  made  that  with  high-class  precision  equipment,  first-class 
results  are  to  be  expected.  In  general,  the  successful  conclu¬ 
sion  of  work  in  a  course  of  this  type  can  be  expected  to  fit  the 
student  with  the  necessary  techniques  for  the  competent 
prosecution  of  a  research  problem. 


Courtesy,  J.  J.  Beaver,  Columbia  University 
Figure  130.  Instruction  in  Instrumentation 
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Courtesy,  Department  of  Chemistry,  New  York  University 

Figure  131.  Laboratory  Equipped  for  Instruction  and  Research  in  Electronic  Methods  of 

Instrumentation 


Courtesy ,  W estinyhouse  Electric  &  Manufacturing  Co. 


Figure  132.  Photoelectric  Controller 
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In  Figure  131  is  shown  a  section  of  the  laboratory  at  New 
York  University  devoted  to  electronic  methods  and  their 
applications  to  chemical  problems.  It  illustrates  the  use  of 
standard  commercial  instruments  in  testing  and  checking 
experimental  units  which  have  been  designed  and  built  in  the 
laboratory. 

Starting  at  the  left  foreground  and  proceeding  clockwise 
around  the  center  table,  we  have  a  Weston  signal  generator  and 
General  Radio  vacuum  tube  voltmeter  being  used  to  measure  the 
frequency  response  of  a  laboratory  amplifier;  a  General  Radio 
megohm  bridge  being  used  to  check  the  value  of  high  resistances; 
a  General  Radio  bridge  with  laboratory-built  oscillator  and  bridge 
balance  indicator  (these  two  units  are  mounted  on  the  ledge); 
a  3-inch  Dumont  oscillograph  and  General  Radio  audio-fre¬ 
quency  bridge  used  in  checking  the  frequency  and  wave  form  of  a 
small  R.  C.  A.  beat  frequency  oscillator;  and  in  the  right  fore¬ 
ground,  two  pieces  of  laboratory-built  equipment  being  checked 
for  circuit  continuity  and  resistance  values  with  a  Weston  ana¬ 
lyzer  In  the  right  background  may  be  seen  a  large  general-purpose 
oscillograph  assembled  in  the  laboratory  for  some  special  investi¬ 
gations. 

This  equipment  is  used  primarily  for  research,  but  along 
with  similar  equipment,  also  for  instruction  in  instrumental 
methods  of  physical  and  analytical  chemistry. 

Addendum 

Photoelectric  Con¬ 
trollers.  For  many 
operations  such  as  count¬ 
ing  and  sorting,  commer¬ 
cially  available  relay 
units  are  offered  by 
several  companies. 

These  are  to  be  recom¬ 
mended  to  the  laboratory 
or  industrial  worker  in 
preference  to  homemade 
assemblies,  since  they  are 
specifically  designed  for 
rugged  and  dependable 
performance.  The  con¬ 
troller  shown  in  Figure 

132  is  typical  of  this 
type  of  instrument.  It 
is  alternating  current- 
operated,  requiring  a 
minimum  illumination  of 
1  foot-candle  for  positive 
operation.  It  employs  a 
vacuum  phototube,  am¬ 
plifier  tube,  and  thy- 
ratron  for  operating  the 
power  contactor. 

Precision  Thermo¬ 
regulator,  Adjustable 
Type.  The  regulator 
element  shown  in  Figure 

133  combines  the  advan¬ 
tages  of  the  above- 
described  elements  with 
means  for  adjusting  the 
range.  The  contact  wire 
is  carried  by  an  armature 
which  can  be  rotated  by 
means  of  an  externally 
located  permanent 
magnet.  The  advantage 
of  a  completelysealed  ele¬ 
ment  is  thereby  retained . 


L 


Courtesy,  Precision  Thermometer 
and  Instrument  Co. 

Figure  133.  Adjustable 
Type  of  Precision  Ther¬ 
mometer 


This  company  also  supplies  appropriate  relays  for  use  with 
these  elements  in  complete  thermostat  installations.  Elec¬ 
tronic  type  relays  are  also  available. 

Precision  Thermoregulators,  Fixed  Type.  These 
regulator  elements,  in  a  variety  of  forms  shown  in  Figure  134, 
are  widely  used,  especially  for  temperature  control  in  the  crys¬ 
tal  ovens  of  radio  broadcasting  equipment.  Seven  million 
operations  without  impairment  have  repeatedly  been  re¬ 
corded.  The  column  is  virtually  nonseparable  under  vibra¬ 
tion  effects  equivalent  to  25  or  35  foot-pounds,  or  centrifugal 
force  from  the  bulb  equivalent  to  100  grams.  The  accuracy 
tolerance  is  given  as  =*=0.05°  C.  with  functional  precision  of 
0.02°  to  0.03°  C. 
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Recommended  Specifications  for  Analytical 

Reagent  Chemicals 

Hydriodic  Acid,  Chloroform,  Chromium  and  Potassium  Sulfate,  Cobalt  Nitrate 
(Not  Low  in  Nickel),  Glycerol,  8-Hydroxyquinoline,  Lead  Carbonate, 
Manganese  Sulfate,  Mercury,  Sodium  Tungstate,  Zinc  Oxide 

W.  D.  COLLINS,  H.  V.  FARR,  J.  V.  FREEMAN,  E.  F.  MARSIGLIO,  P.  H.  MESSINGER,  R.  A.  OSBORN, 
JOSEPH  ROSIN,  E.  WICHERS,  AND  H.  H.  WILLARD,  Committee  on  Analytical  Reagents,  American  Chemical  Society 


THE  specifications  given  below  are  intended  to  serve  for 
reagents  to  be  used  in  careful  analytical  work.  The 
limits  and  tests  are  based  on  published  work,  on  the  experience 
of  members  of  the  committee  in  the  examination  of  reagent 
chemicals  on  the  market,  and  on  studies  of  the  tests  made  by 
members  of  the  committee  as  the  various  items  were  con¬ 
sidered.  Suggestions  for  the  improvement  of  the  specifica¬ 
tions  will  be  welcomed  by  the  committee. 

In  all  the  directions  the  acids  and  ammonium  hydroxide 
referred  to  are  of  full  strength  unless  dilution  is  specified; 
dilution  indicated  as  (1  +  3)  means  1  volume  of  the  reagent 
or  strong  solution  with  3  volumes  of  water;  “water”  means 
distilled  water  of  a  grade  suitable  for  the  test  described; 
reagents  used  in  making  the  tests  are  supposed  to  be  of  the 
grade  recommended  below  or  in  previous  publications  {1—11) 
from  the  committee.  Directions  for  the  preparation  of  the 
ammonium  molybdate  solution  are  given  under  the  test  for 
phosphate  in  ammonium  nitrate  (S).  A  time  of  5  minutes  is 
to  be  allowed  for  the  appearance  of  precipitates  and  before 
observation  of  color  reactions,  unless  some  other  time  is 
specified. 

Blank  tests  must  be  made  on  wrater  and  all  reagents  used 
in  the  tests  unless  the  directions  provide  for  elimination  of 
errors  due  to  impurities.  Solutions  of  samples  must  be 
filtered  for  tests  in  which  insoluble  matter  would  interfere. 

Acid  Hydriodic 

Requirements 

Assay.  Not  less  than  54  per  cent  HI. 

Nonvolatile  Matter.  Not  more  than  0.010  per  cent. 
Chloride  and  Bromide  (as  Cl).  Not  more  than  0.05  per  cent. 
Phosphorus  (P).  Not  more  than  0.0003  per  cent. 

Sulfate  (S04).  Not  more  than  0.01  per  cent. 

Heavy  Metals  (as  Pb).  Not  more  than  0.003  per  cent. 

Iron  (Fe).  Not  more  than  0.002  per  cent. 

Tests 

Assay.  Weigh  a  suitable  quantity  of  the  acid;  dilute  with 
about  30  times  its  weight  of  water;  discharge  the  yellow  color, 


if  any,  by  adding  drop  by  drop  0.1  A  sodium  thiosulfate  solution 
and  titrate  with  standard  alkali  using  phenolphthalein  as  mdi- 

Nonvolatile  Matter.  To  6  cc.  of  the  acid  add  2  drops  of 
sulfuric  acid,  evaporate  in  a  porcelain  crucible,  and  ignite,  ine 
weight  of  the  residue  should  not  exceed  0.0010  gram. 

Chloride  and  Bromide.  Dilute  1.2  cc.  to  1^0  cc.  and  take 
aliquots  of  5  and  1  cc.  To  the  1-cc.  aliquot,  add  0.04  mg.  of 
chloride  ion.  Dilute  each  aliquot  to  20  cc.,  add  1  cc.  of  am¬ 
monium  hydroxide,  and  then  slowly,  with  vigorous  stirring,  add 
2  cc.  of  5  per  cent  silver  nitrate  solution.  Heat  to  boiling  lor 
5  minutes  and  stir  thoroughly.  Cool,  shake  well,  and  filter. 
To  the  filtrate  add  nitric  acid  until  neutral  and  then  1  cc.  more. 
The  turbidity  in  the  aliquot  of  5  cc.  should  not  be  greater  than 
the  turbidity  in  the  1-cc.  aliquot  to  which  0.04  mg.  of  chloride 

"  Phosphorus.  Add  5  cc.  of  nitric  acid  to  6  cc.  of  the  acid  and 
evaporate  on  the  steam  bath  until  the  iodine  is  volatilized.  1  ake 
up  with  10  cc.  of  nitric  acid,  dilute  with  50  cc.  ,w^er’  an<] 
nearly  neutralize  with  ammonium  hydroxide.  Add  50^  cc.  ot 
ammonium  molybdate  solution  and  shake  the  solution  (at  about 
40°  C  )  for  5  minutes  and  allow  to  stand  0.5  hour.  Any  Pre" 
cipitate  formed  should  not  be  greater  than  is  produced  when  a 
quantity  of  alkaline  phosphate  containing  0.03  mg.  ol  phos¬ 
phorus  (P)  is  treated  according  to  the  above  procedure. 

1  Sulfate.  Dilute  3  cc.  of  the  acid  with  45  cc.  of  water,  neu¬ 
tralize  with  ammonium  hydroxide,  add  1  cc.  of  hydrochloric  acid, 
and  heat  to  boiling.  Add  3  cc.  of  10  per  cent  barium  chloride 
solution  and  allow  to  stand  overnight.  If  any  precipitate  s 
formed,  filter,  wash  thoroughly,  ignite,  and  weigh.  ( The  weight 
of  the  ignited  precipitate  should  not  be  more  than  0.0013  Bram 
greater  than  the  weight  of  the  ignited  precipitate  from  a  blank 
test  made  with  the  quantities  of  reagents  used  m  the  test,  in¬ 
cluding  filtration  and  ignition 

Heavy  Metals.  Treat  1.2  cc.  of  the  acid  with  3  cc.  of  sul¬ 
furic  acid  and  volatilize  the  iodine.  Take  up  in  water,  neutralize 
with  ammonium  hydroxide,  and  makeup  to  “c-  .  thI 

of  0  1  A  hydrochloric  acid  and  pass  hydrogen  sulfide  through  the 
solution.  Estimate  lead  by  comparing  with  a  solution  con¬ 
taining  the  same  amounts  of  sulfuric  acid  and  ammonia,  to 
which  have  been  added  1  cc.  of  0.1  A  hydrochloric  acid  and 

0  ^Rorf  Dissolve  the  residue  obtained  in  the  test  for  nonvolatile 
matter  by  heating  with  2  cc.  of  hydrochloric  acid  and  5  drops  ot 
nitric  acid  and  dilute  to  100  cc.  To  20  cc.  add  2  cc.  of  hydro 
chloric  acid  and  2  cc.  of  10  per  cent  ammonium  thiocyanate  solu¬ 
tion.  Any  red  color  should  not  be  greater  than  is  produced  bj 
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0.04  mg.  of  iron  in  the  same  volume  of  a  solution  containing  the 
quantities  of  reagents  used  in  the  test. 


Chloroform 

Note.  Chloroform  should  be  supplied  and  stored  in  amber 
glass  containers  and  protected  from  direct  sunlight. 

Requirements 

Specific  Gravity  at  25°/25°  C.  1.475  to  1.478. 

Nonvolatile  Matter.  Not  more  than  0.001  per  cent. 

Acetone  or  Aldehyde.  To  pass  test  [limit  about  0.005  per 
cent  as  (CH3)2CO]. 

Acid  and  Chloride.  To  pass  test. 

Free  Chlorine  (Cl).  To  pass  test. 

Substances  Darkened  by  Sulfuric  Acid.  To  pass  test. 

Tests 

Nonvolatile  Matter.  Evaporate  67  cc.  (100  grams)  on  the 
steam  bath  and  dry  the  residue  at  105°  to  110°  C.  for  0.5  hour. 
The  weight  of  the  residue  should  not  exceed  0.0010  gram. 

Acetone  or  Aldehyde.  Agitate  3  cc.  with  10  cc.  of  ammonia- 
free  distilled  water  in  a  glass-stoppered  cylinder  for  5  minutes. 
After  the  liquids  separate,  transfer  5  cc.  of  the  water  extract  to 
another  glass-stoppered  cylinder  containing  40  cc.  of  ammonia- 
free  distilled  water,  and  add  5  cc.  of  Nessler’s  solution.  No 
turbidity  nor  precipitate  should  develop  within  1  minute  (alde¬ 
hydes  and  ketones). 

Acid  and  Chloride.  Shake  17  cc.  with  25  cc.  of  water  for  5 
minutes,  allow  the  liquids  to  separate,  and  draw  off  the  water. 
10  cc.  should  not  redden  blue  litmus  paper.  Treat  another  10  cc. 
of  the  water  with  5  drops  of  0.1  N  silver  nitrate.  No  turbidity 
should  be  produced. 

Free  Chlorine.  Shake  gently  10  cc.  for  2  minutes  with  10  cc. 
of  water  to  which  2  drops  each  of  10  per  cent  potassium  iodide 
solution  and  starch  solution  have  been  added  and  allow  to  sepa¬ 
rate.  The  lower  layer  should  not  be  colored. 

Substances  Darkened  by  Sulfuric  Acid.  Shake  20  cc. 
with  5  cc.  of  sulfuric  acid  for  5  minutes  in  a  glass-stoppered 
cylinder  which  has  been  rinsed  with  sulfuric  acid.  After  the 
layers  have  separated  the  sulfuric  acid  should  be  colorless  or 
practically  so. 

Chromium  and  Potassium  Sulfate 
Requirements 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Chloride  (Cl).  To  pass  test  (limit  about  0.002  per  cent). 

Aluminum  (Al).  Not  more  than  0.02  per  cent. 

Ammonia  (NH3).  To  pass  test  (limit  about  0.010  per  cent). 

Heavy  Metals.  Not  more  than  0.015  per  cent  as  sulfates. 

Iron  (Fe).  Not  more  than  0.02  per  cent. 

Tests 

Insoluble  Matter.  Dissolve  10  grams  in  100  cc.  of  water 
and  allow  to  stand  on  the  steam  bath  for  1  hour.  Filter  through 
asbestos  in  a  Gooch  crucible,  wash  thoroughly,  dry  at  105°  C., 
and  weigh.  The  weight  of  the  residue  should  not  exceed  0.0010 
gram. 

Chloride.  Dissolve  0.2  gram  in  20  cc.  of  water  and  divide 
nto  two  portions.  To  one  portion  add  1  cc.  of  nitric  acid  and 
1  cc.  of  0.1  N  silver  nitrate.  To  the  other  portion  add  the  same 
volume  of  nitric  acid  and  1  cc.  of  water.  No  appreciable  differ¬ 
ence  should  be  apparent  in  the  clearness  of  the  two  solutions. 

Aluminum.  Dissolve  4  grams  in  100  cc.  of  water.  Carefully 
add  4  grams  of  sodium  peroxide.  Heat  the  solution  to  boiling, 
filter,  and  wash  with  a  small  quantity  of  hot  water.  (Retain  the 
-residue  on  the  filter  for  the  test  for  iron.)  Add  hydrochloric 
acid  to  the  filtrate  to  distinct  acid  reaction,  then  add  a  slight 
excess  of  ammonium  hydroxide,  and  boil  until  the  odor  of  am¬ 
monia  is  no  longer  perceptible.  Filter,  wash  thoroughly  with 
hot  water  until  the  washings  are  colorless,  and  ignite.  The 
weight  of  the  ignited  precipitate  should  not  exceed  0.0015  gram. 

Ammonia.  To  a  solution  of  0.25  gram  of  the  sample  in  10  cc. 
of  water  add  10  cc.  of  10  per  cent  sodium  hydroxide  solution  and 
heat  in  a  flask  on  the  steam  bath,  taking  care  that  the  solution 
does  not  come  in  contact  with  the  rim  of  the  flask.  A  piece  of 
red  litmus  paper  moistened  and  placed  across  the  mouth  of  the 
flask  should  not  turn  blue  within  0.5  minute. 

Heavy  Metals.  Dissolve  100  grams  in  200  cc.  of  water;  add 
20  to  50  mg.  of  mercuric  chloride,  and  2  cc.  of  N  hydrochloric 
acid.  Filter  and  pass  hydrogen  sulfide  through  the  filtrate  for 


5  minutes.  Let  stand  for  10  minutes,  filter,  wash,  burn  off  the 
paper  under  a  well  ventilated  hood,  add  1  drop  of  sulfuric  acid, 
ignite,  and  weigh.  The  weight  of  the  residue  should  not  exceed 
0.0015  gram. 

Iron.  Wash  with  hot  water  the  residue  remaining  on  the 
filter  in  the  test  for  aluminum  until  the  washings  are  colorless. 
Dissolve  the  residue  from  the  filter  with  5  cc.  of  hydrochloric  acid 
(1  +  1)  and  wash  the  filter  paper  with  hot  water.  Cool  and 
dilute  to  80  cc.  To  10  cc.  add  10  cc.  of  water,  2  cc.  of  hydro¬ 
chloric  acid,  and  2  cc.  of  10  per  cent  ammonium  thiocyanate 
solution.  Any  red  color  should  not  be  greater  than  is  produced 
by  0. 1  mg.  of  iron  in  an  equal  volume  of  solution  containing  the 
quantities  of  reagents  used  in  the  test. 


Cobalt  Nitrate  (Not  Low  in  Nickel) 
Requirements 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Chloride  (Cl).  Not  more  than  0.005  per  cent. 

Sulfate  (S04).  Not  more  than  0.010  per  cent. 

Alkalies  and  Earths  (as  Sulfates).  Not  more  than  0.25 
per  cent. 

Copper.  To  pass  test  (limit  about  0.005  per  cent). 

Iron  (Fe).  Not  more  than  0.005  per  cent. 

Nickel  (Ni).  Not  more  than  0.50  per  cent. 

Tests 

Insoluble  Matter.  Dissolve  5  grams  in  50  cc.  of  hot  water 
and  allow  to  stand  on  the  steam  bath  for  1  hour.  Filter  on  as¬ 
bestos  in  a  Gooch  crucible,  wash  thoroughly,  dry  at  100°  to 
105°  C.  and  weigh.  The  weight  of  the  residue  should  not  exceed 
0.0005  gram. 

Chloride.  Dissolve  1  gram  in  20  cc.  of  water  and  divide  into 
2  equal  portions.  To  1  portion  add  1  drop  of  0.1  N  hydrochloric 
acid,  1  cc.  of  nitric  acid,  and  1  cc.  of  0.1  N  silver  nitrate.  Allow 
to  stand  10  minutes,  filter  without  washing,  and  add  0.025  mg. 
of  chloride  ion.  The  precipitate  should  be  greater  than  is  formed 
in  the  other  portion  on  the  addition  of  1  cc.  of  nitric  acid  and  1  cc. 
of  0. 1  N  silver  nitrate. 

Sulfate.  Treat  5  grams  with  10  cc.  of  water  and  10  cc.  of 
hydrochloric  acid  and  evaporate  to  dryness  on  a  steam  bath. 
Redissolve  the  residue  in  about  5  cc.  of  hot  water  and  10  cc.  of 
hydrochloric  acid  and  re-evaporate  to  dryness.  Dissolve  the 
residue  in  100  cc.  of  water  and  1  cc.  of  hydrochloric  acid  and 
filter.  Heat  the  filtrate  to  boiling,  add  5  cc.  of  10  per  cent 
barium  chloride  solution,  and  allow  to  stand  overnight.  If  a 
precipitate  is  present,  filter,  wash,  and  ignite.  The  weight  of  the 
ignited  precipitate  should  not  be  more  than  0.0012  gram  greater 
than  the  weight  obtained  in  a  blank  test  with  the  same  quantities 
of  reagents  following  the  same  procedure,  including  filtration. 

Alkalies  and  Earths.  Dissolve  2  grams  of  the  sample  and 
1  gram  of  ammonium  chloride  in  20  cc.  of  dilute  ammonium  hy¬ 
droxide  (1  +  3),  dilute  to  90  cc.,  and  pass  hydrogen  sulfide  until 
the  cobalt  is  all  precipitated.  Add  sufficient  water  to  make  the 
total  volume  100  cc.,  mix  well,  and  filter.  Evaporate  50  cc.  of 
the  filtrate  nearly  to  dryness,  add  0.5  cc.  of  sulfuric  acid,  ignite, 
and  weigh  the  residue.  The  weight  of  the  residue  should  not 
exceed  0.0025  gram. 

Copper.  Solution  No.  1.  Dissolve  1  gram  in  30  cc.  of  water 
and  add  0.5  cc.  of  nitric  acid. 

Dissolve  1  gram  in  20  cc.  of  water,  add  0.5  cc.  of  nitric  acid, 
cool  to  about  15°  C.,  and  add  10  cc.  of  saturated  hydrogen  sulfide 
water.  No  change  in  color  should  be  noticeable  when  compared 
with  solution  No.  1. 

Iron.  Dissolve  1  gram  in  20  cc.  of  water,  and  add  1  gram  of 
ammonium  chloride  and  sufficient  ammonium  hydroxide  to  dis¬ 
solve  the  precipitate  first  formed.  Filter  and  wash  until  the 
filtrate  is  colorless.  Drop  on  the  filter  5  cc.  of  hot  dilute  hydro¬ 
chloric  acid  (1  +  1)  and  wash  with  hot  water  until  the  filtrate 
and  washings  measure  about  45  cc.  Cool,  add  5  cc.  of  a  10  per 
cent  ammonium  thiocyanate  solution,  dilute  to  50  cc.,  and  mix 
well.  Any  red  color  should  not  be  greater  than  in  a  control  test 
made  with  the  same  volume  of  water  and  hydrochloric  acid  to 
which  0.05  mg.  of  ferric  iron  has  been  added. 

Nickel.  Dissolve  0.5  gram  in  70  cc.  of  water,  add  3  grams 
of  sodium  acetate  and  2  drops  of  acetic  acid,  and  boil  for  5  min¬ 
utes.  Filter  while  hot  and  wash  with  10  cc.  of  hot  water.  Allow 
the  filtrate  to  cool  and  render  it  slightly  alkaline  by  carefully 
adding  1  or  2  drops  of  ammonium  hydroxide.  Add  60  cc.  of  a  1 
per  cent  alcoholic  solution  of  dimethylglyoxime  and  allow  to 
stand  overnight.  Filter  through  a  weighed  Gooch  crucible, 
wash  with  alcohol,  and  dry  at  100°  C.  The  increase  in  weight 
should  not  exceed  0.0125  gram. 
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Glycerol 

Requirements 

Color.  To  pass  test.  ,  , 

Specific  Gravity  at  25°/25°  C.  Not  less  than  1.250  per  cent. 
Nonvolatile  Matter.  Not  more  than  0.005  per  cent. 
Neutrality.  To  pass  test. 

Chloride  (Cl).  Not  more  than  0.001  per  cent. 

Sulfate  (SO4).  To  pass  test  (limit  about  0.002  per  cent). 
Fatty  Acid  Esters.  To  pass  test  (limit  about  0.07  per  cent 
as  glycerol  butyrate). 

Silver-Reducing  Substances.  Io  pass  test. 

Substances  Darkened  by  Sulfuric  Acid.  To  pass  test. 
Heavy  Metals.  To  pass  test  (limit  about  0.0005  per  cent  as 
lead  or  iron). 

Tests 

Color.  The  color  of  glycerol  when  viewed  downwards  against 
a  white  surface  in  a  50-cc.  Nessler  tube  should  not  be  darker  than 
the  color  of  a  standard  made  by  diluting  0.3  cc.  of  ferric  chloride 
color  solution  (see  note)  to  50  cc.  in  a  Nessler  tube  of  the  same 

diameter  as  that  containing  the  glycerol. 

Specific  Gravity  at  25°/25°  C.  This  value  should  be  deter- 
mined  with  a  pycnometer  at  25°  C.  and  be  not  less  than  1.250, 
corresponding  to  about  96  per  cent  glycerol. 

Nonvolatile  Matter.  Heat  20  grams  in  an  open  dish,  lgrnte 
the  vapors,  and  when  the  glycerol  has  been  entirely  consumed  ig¬ 
nite  at  a  low  red  heat.  The  weight  of  the  residue  should  not 
exceed  0.0010  gram. 

Neutrality.  A  10  per  cent  aqueous  solution  of  glycerol 
should  not  affect  the  color  of  either  red  or  blue  litmus  paper  m 

1  Chloride.  Dilute  5  grams  with  30  cc.  of  water,  and  add  1  cc. 
of  nitric  acid  and  1  cc.  of  0.1  N  silver  nitrate  solution  Any 
turbidity  should  not  be  greater  than  that  produced  by  0.05  mg. 
of  chloride  ion  in  an  equal  volume  of  solution  contaimng  the 
quantities  of  reagents  used  in  the  test. 

Sulfate  Dilute  5  grams  with  25  cc.  of  water,  and  add  1  cc. 
of  0.1  N  hydrochloric  acid  and  2  cc.  of  10  per  cent  barium  chloride 
solution.  Any  turbidity  should  not  be  greater  than  is  produced 
by  0.01  mg.  of  sulfate  ion  in  an  equal  volume  of  solution  con¬ 
taining  the  quantities  of  reagents  used  in  the  test,  comparison 
being  made  after  the  sample  and  standard  have  stood  for  20 

minutes.  .  ,  ^  , 

Fatty  Acid  Esters.  Weigh  40  grams  into  a  250-cc.  Erien- 
meyer  flask  and  add  50  cc.  of  freshly  boiled  hot  distilled  water. 
Add  10  cc.  of  0.1  N  sodium  hydroxide  solution,  cover  with  a 
loosely  fitting  pear-shaped  bulb,  and  leave  on  the  steam  bath  for 
45  minutes.  Cool  and  titrate  the  excess  alkali  with  0. 1  N  hydro¬ 
chloric  acid,  using  3  drops  of  bromothymol  blue  solution  as 
indicator  and  titrating  to  a  bluish-green  end  pomt.  Run  a 
blank  with  50  cc.  of  the  same  water  and  10  cc.  oi  the  0.1  A 
sodium  hydroxide  solution,  heating  it  for  the  same  length  oitirne 
and  titrating  to  the  same  bluish-green  end  point  with  0.1  A 
hydrochloric  acid.  The  difference  in  the  amount  of  acid  used 
in  the  blank  and  in  the  titration  of  the  sample  should  be  less 

than  3.00  cc.  ...  t 

Silver-Reducing  Substances.  Mix  10  cc.  with  10  cc.  of 
10  per  cent  ammonium  hydroxide.  Heat  to  60  C.,  add  0.5  cc. 
of  0  1  N  silver  nitrate  solution,  and  allow  to  stand  in  the  dark 
for  5  minutes  in  a  jar  of  water  at  60°  C.  The  color  produced 
should  be  less  than  the  color  produced  when  hydrogen  sulfide  is 
passed  through  25  cc.  of  a  solution  containing  1  gram  of  sodium 

sulfate  and  0.04  mg.  of  lead.  , 

Substances  Darkened  by  Sulfuric  Acid.  Vigorously 
shake  5  cc.  of  glycerol  with  5  cc.  of  sulfuric  acid  in  a  glass- 
stoppered  25-cc.  cylinder  for  1  minute  and  allow  the  liquid  to 
stand  for  1  hour.  The  liquid  should  not  be  darker  than  a  stand¬ 
ard  made  up  of  0.4  cc.  of  cobaltous  chloride  color  solution,  3.0 
cc.  of  ferric  chloride  color  solution,  and  6.60  cc.  of  distilled  water 
(see  note  for  preparation  of  color  solutions). 

Heavy  Metals.  Dilute  2  grams  with  10  cc.  of  water,  add  1 
cc.  of  0.1  N  hydrochloric  acid  and  5  cc.  of  hydrogen  sulfide  water, 
and  render  alkaline  with  ammonium  hydroxide.  No  darkening 
should  be  observed. 

Note.  Color  Solutions.  .  ,  . 

Ferric  Chloride  Color  Solution.  Ferric  chloride  is  dissolved  in 
a  mixture  of  25  volumes  of  hydrochloric  acid  and  975  volumes  of 
water  and  the  strength  adjusted  so  that  the  iron  content  corre¬ 
sponds  to  45.05  mg.  of  FeCU.OHjO  per  cc.  ,  . 

Cobaltous  Chloride  Color  Solution.  Cobaltous  chloride  is  dis¬ 
solved  in  a  mixture  of  25  volumes  of  hydrochloric  acid  and  975 
volumes  of  water  and  the  strength  adjusted  so  that  the  cobalt 
content  corresponds  to  59.5  mg.  of  C0CI2.6H2O  per  cc. 


8-Hydroxyquinoline 

Requirements 

Melting  Point  Range.  72.5°  to  73.5°  C. 

Insoluble  in  Alcohol.  Not  more  than  0.050  per  cent. 
Residue  on  Ignition.  Not  more  than  0.50  per  cent. 

Sulfate  (S04).  To  pass  test  (limit  about  0.02  per  cent). 
Suitability  for  Magnesium  Determinations.  To  pass  test. 

Tests 

Melting  Point  Range.  Determine  by  the  U.  S.  Pharma¬ 
copoeia  method.  ,  .  ,,,  ,  ,  ,  , 

Insoluble  in  Alcohol.  Dissolve  3  grams  in  40  cc.  of  alcohol, 
filter  through  a  Gooch  crucible,  wash  with  95  per  cent  alcohol,  dry 
at  105°  to  110°  C.,  and  weigh.  The  weight  of  the  insoluble 
material  should  not  exceed  0.0015  gram.  .  ,  ,  ,, 

Residue  on  Ignition.  Ignite  1  gram.  The  weight  of  the 
residue  should  not  exceed  0.0005  gram.  .  . ,  , 

Sulfate.  Dissolve  1  gram  in  1  cc.  of  hydrochloric  acid  and 
dilute  with  20  cc.  of  water.  Heat  to  boiling  and  add  1  cc.  of 
barium  chloride  solution.  No  turbidity  should  be  observed 

after  standing  for  30  minutes.  n. 

Suitability  for  Magnesium  Determinations.  Dissolve 
0.50  gram  of  magnesium  chloride  (MgCl2.6H20)  in  water  con¬ 
taining  1  cc.  of  dilute  hydrochloric  acid  (1  +  1)  and  make  to  a 
volume  of  100  cc.  Dilute  10  cc.  of  the  solution  to  50  cc.  and 
add  3.5  cc.  of  a  solution  of  the  8-hydroxyqmnoline  prepared  by 
dissolving  2.5  grams  in  5  cc.  of  warm  acetic  acid  and  pouring  into 
95  cc.  of  water  at  60°  C.  Heat  to  80°  C.,  add  with  stirring  2  cc. 
of  ammonium  hydroxide,  allow  to  cool  for  10  minutes,  and  filter. 
The  filtrate  should  be  yellow  and  alkaline  and  should  yield  a 
yellow  precipitate  when  5  cc.  of  the  magnesium  chloride  solution 
are  added  and  the  whole  is  warmed. 

Lead  Carbonate 
Requirements 

Insoluble  in  Acetic  Acid.  Not  more  than  0.03  per  cent. 
Chloride  (Cl).  Not  more  than  0.005  per  cent. 

Nitrate  (NO,).  To  pass  test  (limit  about  0.005  per  cent). 
Alkalies  and  Alkaline  Earths.  Not  more  than  0.20  per 
cent  as  sulfates. 

Iron  (Fe).  Not  more  than  0.005  per  cent. 

Zinc  (Zn).  To  pass  test  (limit  about  0.005  per  cent). 

Tests 

Insoluble  in  Acetic  Acid.  Dissolve  5  grams  by  heating  on 
a  steam  bath  for  1  hour  with  a  mixture  of  50  cc.  of  water  and 
7  cc.  of  acetic  acid.  If  an  insoluble  residue  remains,  filter  and 
wash  with  a  mixture  of  100  volumes  of  water  and  2  cc.  of  acetic 
acid.  Dry  at  105°  to  110°  C.  The  weight  of  the  residue  should 

not  exceed  0.0015  gram.  ..  . 

Chloride.  Dissolve  1  gram  in  20  cc.  of  10  per  cent  nitric 
acid  and  filter  if  solution  is  not  perfectly  clear.  Add  1  cc.  ot 
0.1  N  silver  nitrate  solution.  Any  opalescence  should  not  fie 
greater  than  that  produced  by  0.05  mg.  of  chloride  ion  in  an 
equal  volume  of  water  contaimng  the  quantities  of  reagents  used 

in  NitrIte.  Dissolve  1  gram  in  7  cc.  of  water,  1  cc.  of  sodium 
chloride  solution  containing  5  mg.  of  NaCl  per  cc.,  and  2  cc.  of 
acetic  acid.  If  necessary  heat  on  the  steam  bath  to  dissolve  the 
sample.  Cool  and  dilute  to  30  cc  To  10  cc.  add  0.20  cc  of 
indigo  carmine  solution  (1  in  1000)  and  10  cc.  of  sulfuric  aci  . 
Stir  thoroughly  and  allow  to  stand  for  10  minutes.  The  blue 

color  should  not  be  completely  discharged.  * 

Alkalies  and  Alkaline  Earths.  Dissolve  2  grams  by 
heating  with  a  mixture  of  20  cc.  of  water  and  3  cc.  of  nitric  acid. 
Dilute  to  100  cc.  with  water  and  precipitate  the  lead  completely 
with  hydrogen  sulfide.  Filter.  To  50  cc.  of  the  filtrate  add  a 
few  drops  of  sulfuric  acid,  evaporate  to  dryness,  and  ignite.  I  he 
weight  of  the  residue  should  not  exceed  0  0020  gram. 

Iron.  Warm  the  residue  obtained  in  the  test  for  alkalies  and 
alkaline  earths  with  1  cc.  of  hydrochloric  acid  and  2  drops  of 
nitric  acid.  Dilute  to  20  cc.  with  water;  add  2  cc.  of  hydro¬ 
chloric  acid  and  3  cc.  of  10  per  cent  ammonium  thiocyanate 
solution.  Any  red  color  should  not  be  greater  than  is  produced 
in  a  control  test  made  with  0.05  mg.  of  iron.  ,  Qnfi 

Zinc.  Dissolve  3  grams  in  a  mixture  of  25  cc.  of  water  and 
5  cc.  of  acetic  acid.  Dilute  with  water  to  42  cc.  Add  with 
stirring  3  cc.  of  sulfuric  acid,  and  filter.  To  30  cc.  of  the  filtrate 
add  5  drops  of  nitric  acid;  heat  to  boiling  and  pour  into  a  mixture 
of  10  cc.  of  ammonium  hydroxide  and  20  cc.  of  water.  Enter 
while  hot  and  wash  with  2  cc.  of  hot  water.  Neutrahze  with 
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acetic  acid,  then  add  1  cc.  more  of  the  acid.  Cool  and  add  2  cc. 
of  a  freshly  prepared  10  per  cent  solution  of  potassium  ferro- 
cyanide.  No  turbidity  should  appear  in  10  minutes. 

Manganese  Sulfate 
Requirements 

Watek  of  Crystallization.  32  to  38  per  cent. 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Chloride  (Cl).  Not  more  than  0.005  per  cent. 

Alkalies  and  Alkaline  Earths.  Not  more  than  0.25  per 
cent. 

Iron  (Fe).  Not  more  than  0.002  per  cent. 

Heavy  Metals  as  Pb.  To  pass  test  (limit  about  0.001  per 
cent). 

Nickel  (Ni).  Not  more  than  0.05  per  cent. 

Zinc  (Zn).  To  pass  test. 

Substances  Reducing  Permanganate.  To  pass  test. 

Tests 

Water  of  Crystallization.  Weigh  accurately  about  2 
grams.  Heat  at  150°  C.  for  a  few  hours,  then  ignite  at  about 
400°  to  500°  C.  to  constant  weight.  The  loss  in  weight  should 
be  from  32  to  38  per  cent. 

Insoluble  Matter.  Dissolve  10  grams  in  100  cc.  of  hot 
water  and  allow  to  stand  on  the  steam  bath  for  1  hour.  Filter 
on  asbestos  in  a  Gooch  crucible,  wash  thoroughly,  and  dry  at 
105°  to  110°  C.  The  weight  of  the  residue  should  not  exceed 
0.0010  gram. 

Chloride.  Dissolve  1  gram  in  20  cc.  of  water,  and  add  1  cc. 
of  nitric  acid  and  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity 
should  not  be  greater  than  is  produced  by  0.05  mg.  of  chloride 
ion  in  an  equal  volume  of  water  with  the  quantities  of  nitric 
acid  and  silver  nitrate  used  in  the  test. 

Alkalies  and  Alkaline  Earths.  Dissolve  2  grams  in  about 
90  cc.  of  water  and  precipitate  the  manganese  by  adding  sufficient 
fresh  ammonium  sulfide  solution.  Heat  on  the  water  bath  for 
about  0.5  hour,  cool,  dilute  with  water  to  100  cc.,  mix  well,  and 
filter.  Evaporate  50  cc.  of  the  filtrate  to  dryness,  ignite,  and 
weigh  the  residue.  The  weight  of  the  residue  should  not  exceed 
0.0025  gram. 

Iron.  Dissolve  1  gram  in  15  cc.  of  water,  add  a  drop  of  nitric 
acid,  and  heat  to  boiling.  Cool  and  dilute  with  water  to  15  cc. 
Add  2  cc.  of  hydrochloric  acid  and  3  cc.  of  10  per  cent  ammonium 
thiocyanate  solution.  Any  red  color  produced  should  not  be 
greater  than  that  produced  in  a  control  test  made  with  0.02  mg. 
of  iron. 

Heavy  Metals.  Solution  No.  1.  Dissolve  1  gram  of  the 
manganese  sulfate  in  20  cc.  of  water  and  add  1  cc.  of  1  N  hydro¬ 
chloric  acid. 

Dissolve  1  gram  of  the  manganese  sulfate  in  10  cc.  of  water, 
add  1  cc.  of  1#  hydrochloric  acid  and  10  cc.  of  saturated  hydrogen 
sulfide  water.  No  change  in  color  should  be  noticeable  when 
compared  with  solution  No.  1. 

Nickel.  Dissolve  1  gram  in  200  cc.  of  water.  Dissolve  2 
grams  of  sodium  acetate  in  20  cc.  of  the  solution  and  add  10  cc. 
of  hydrogen  sulfide  water.  After  1  minute,  add  5  cc.  of  glacial 
acetic  acid.  Any  darkening  should  not  be  greater  than  in  a 
blank  to  which  0.05  mg.  of  nickel  has  been  added. 

Zinc.  Dissolve  1  gram  in  20  cc.  of  water.  To  10  cc.  of  the 
solution  add  10  cc.  of  hydrogen  sulfide  water.  No  turbidity 
which  is  cleared  up  by  hydrochloric  acid  should  be  produced  in 
2  minutes. 

Substances  Reducing  Permanganate.  Dissolve  10  grams 
in  200  cc.  of  water.  Add  3  cc.  each  of  sulfuric  acid  and  phos¬ 
phoric  acid,  then  add  0.1  cc.  of  0.1  N  potassium  permanganate. 
The  pink  color  should  persist  for  1  minute,  correction  being 
made  for  any  blank  on  the  reagents. 

Mercury 

Requirements 

Appearance.  To  pass  test. 

Base  Metals.  To  pass  test  (limit  to  about  0.0001  per  cent). 

Gold  and  Silver.  Not  more  than  0.005  per  cent. 

Tests 

Appearance.  The  mercury  shall  have  a  bright  mirrorlike 
surface  free  from  film  or  scum.  It  shall  pour  freely  from  a 
thoroughly  clean,  dry  glass  container  without  leaving  any  mer¬ 
cury  adhering  to  the  glass. 

Base  Metals.  Weigh  10  to  20  grams  into  a  tared  porcelain 
crucible.  Evaporate  the  mercury  from  a  hot  plate,  in  a  well- 


ventilated  hood,  without  permitting  the  mercury  to  boil.  The 
mercury  shall  retain  its  bright  mirrorlike  surface  and  should  not 
develop  any  film  or  scum. 

Gold  and  Silver.  After  the  mercury  in  the  preceding  test 
has  evaporated,  ignite  the  crucible  at  a  dull  red  heat  for  5  min¬ 
utes,  making  sure  that  mercury  which  has  condensed  on  the 
walls  of  the  crucible  is  driven  off.  The  weight  of  the  residue 
should  not  exceed  0.005  per  cent  of  the  weight  of  the  sample. 

Sodium  Tungstate 
Requirements 

Insoluble  Matter.  Not  more  than  0.015  per  cent. 

Alkalinity.  Not  more  than  0.20  per  cent  as  Na2C03. 

Chloride  (Cl).  Not  more  than  0.01  per  cent. 

Molybdenum  (Mo).  Not  more  than  0.001  per  cent. 

Nitrogen  Compounds  (as  N).  Not  more  than  0.002  per  cent. 

Sulfate  (S04).  Not  more  than  0.01  per  cent. 

Heavy  Metals.  To  pass  test  (limit  about  0.0005  per  cent 
lead,  about  0.0005  per  cent  iron). 

Tests 

Insoluble  Matter.  Dissolve  10  grams  in  100  cc.  of  water 
and  digest  on  the  steam  bath  for  1  hour.  Filter  through  a  tared 
Gooch  crucible,  wash,  dry  at  105°  C.,  and  weigh.  The  weight 
of  the  residue  should  not  exceed  0.0015  gram. 

Alkalinity.  Dissolve  2  grams  in  50  cc.  of  cold  water  and 
add  2  drops  of  phenolphthalein  solution.  A  pink  color  should  be 
produced  which  should  be  discharged  by  the  addition  of  not 
more  than  0.4  cc.  of  0.1  N  acid. 

Chloride.  Dissolve  1  gram  in  25  cc.  of  water  and  bring  to  a 
boil.  Add  15  cc.  of  a  solution  containing  5  cc.  of  nitric  acid  and 
10  cc.  of  water  in  which  is  dissolved  0.1  gram  of  cinchonine  alka¬ 
loid.  Continue  to  boil  for  5  minutes,  cool,  dilute  to  50  cc.,  mix 
well,  and  filter.  To  10  cc.  of  the  filtrate  add  1  cc.  of  0.1  N  silver 
nitrate.  Any  turbidity  in  2  minutes  should  not  be  greater  than 
is  produced  by  0.02  mg.  of  chloride  ion  in  an  equal  volume  of 
solution  containing  the  quantities  of  reagents  used  in  the  test. 

Molybdenum.  Dissolve  2  grams  in  10  cc.  of  water  and  make 
slightly  alkaline  if  necessary  with  dilute  sodium  hydroxide. 
Dissolve  in  this  solution  0.5  gram  of  potassium  xanthate  without 
warming.  Add  10  cc.  of  chloroform,  then  add,  drop  by  drop, 
dilute  sulfuric  acid  (1  +  9),  shaking  after  each  addition  until  the 
color  in  the  chloroform  is  no  longer  intensified.  Any  color  should 
not  be  greater  than  is  produced  by  0.03  mg.  of  molybdic  anhy¬ 
dride  (corresponding  to  0.02  mg.  of  molybdenum)  in  an  equal 
volume  of  solution  containing  the  quantities  of  reagents  used  in 
the  test. 

Nitrogen  Compounds.  Dissolve  4  grams  in  40  cc.  of  water 
and  add  20  cc.  of  10  per  cent  sodium  hydroxide  solution  and  0.5 
gram  of  aluminum  wire.  Let  stand  3  hours  protected  from  loss 
or  absorption  of  ammonia.  Decant  30  cc.  and  add  2  cc.  of 
Nessler’s  solution.  Any  color  should  not  be  greater  than  is  pro¬ 
duced  by  a  quantity  of  an  ammonium  salt  corresponding  to  0.04 
mg.  of  nitrogen  in  an  equal  volume  of  solution  containing  the 
quantities  of  reagents  used  in  the  test. 

Sulfate.  Dissolve  2  grams  in  100  cc.  of  water  and  add  slowly 
with  stirring  5  cc.  of  hydrochloric  acid.  Evaporate  to  dryness 
and  heat  for  20  minutes  at  110°  C.  Add  30  cc.  of  water,  2.5  cc. 
of  hydrochloric  acid,  and  2  cc.  of  cinchonine  solution  [made  by 
dissolving  5  grams  of  cinchonine  in  50  cc.  of  dilute  hydrochloric 
acid  (1  +  3)]  and  heat  just  below  the  boiling  point  for  30  minutes. 
Dilute  to  30  cc.  and  allow  to  stand  until  cool.  Filter  and  to  15  cc. 
of  the  filtrate  add  ammonium  hydroxide  a  drop  at  a  time  until  a 
permanent  precipitate  forms.  Add  just  sufficient  hydrochloric 
acid  to  redissolve  the  precipitate  and  add  5  cc.  of  10  per  cent 
barium  chloride  solution.  Any  turbidity  should  not  be  greater 
than  is  produced  by  0.1  mg.  of  sulfate  ion  in  an  equal  volume  of 
solution  containing  the  quantities  of  reagents  used  in  the  test. 

Heavy  Metals.  Dissolve  2  grams  in  20  cc.  of  water.  Add 
2  cc.  of  ammonium  hydroxide  and  5  cc.  of  hydrogen  sulfide  water. 
There  should  be  no  brown  coloration  and  any  green  coloration 
should  not  be  greater  than  is  produced  by  0.01  mg.  of  iron  in  an 
equal  volume  of  solution  containing  the  quantities  of  reagents 
used  in  the  test. 

Zinc  Oxide 
Requirements 

Insoluble  in  Sulfuric  Acid.  Not  more  than  0.010  per  cent. 

Alkalinity.  To  pass  test. 

Chloride  (Cl).  Not  more  than  0.001  per  cent. 

Nitrate  (N03).  To  pass  test  (limit  about  0.003  per  cent). 
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Sulfur  Compounds  as  S04.  Not  more  than  0.010  per  cent. 
Arsenic  (As).  Not  more  than  0.0002  per  cent. 

Iron  (Fe).  To  pass  test  (limit  about  0.001  per  cent). 

Lead  (Pb).  Not  more  than  0.005  per  cent. 

Manganese  (Mn).  Not  more  than  0.0005  per  cent. 

Substances  Not  Precipitated  by  Ammonium  Sulfide.  Not 
more  than  0.10  per  cent. 

Tests 

Insoluble  in  Sulfuric  Acid.  Dissolve  10  grams  by  heating 
on  a  steam  bath  for  1  hour  with  a  mixture  of  10  cc.  of  sulfuric 
acid  and  150  cc.  of  water.  Filter  through  asbestos  in  a  Gooch 
crucible,  wash  thoroughly,  and  dry  at  105  to  110  ^.1  he 
weight  of  the  insoluble  residue  should  not  exceed  0.0010  gram. 

Alkalinity.  Boil  2  grams  with  20  cc.  of  water  for  1  minute 
and  filter.  Add  2  drops  of  phenolphthalein  solution  to  10  cc.  of 
the  filtrate.  No  red  color  should  be  produced. 

Chloride.  Dissolve  1  gram  in  10  cc.  of  water  and  3  cc.  ot 
nitric  acid;  filter,  if  necessary,  and  add  1  cc.  of  0.1  N  silver 
nitrate.  Any  turbidity  should  not  be  greater  than  is  produced 
by  0.01  mg.  of  chloride  ion  in  an  equal  volume  of  solution  con- 

taining  the  quantities  of  reagents  used  in  the  test. 

Nitrate.  Dissolve  1  gram  in  a  mixture  of  35  cc.  ol  water 
and  15  cc.  of  sulfuric  acid  and  add  to  the  solution  while  still  hot 
0.20  cc.  of  indigo  carmine  solution  (1  in  1000).  The  blue  color 
should  not  be  destroyed  in  5  minutes. 

Sulfur  Compounds.  Mix  5  grams  with  50  cc.  of  water,  and 
add  about  0.05  gram  of  sodium  carbonate  and  1  cc.  of  saturated 
bromine  water.  Boil  for  5  minutes,  cautiously  add  hydrochloric 
acid  in  small  portions  until  the  zinc  oxide  is  dissolved,  then  add 
1  cc.  more  of  the  hydrochloric  acid.  Filter,  wash  and  dilute  the 
filtrate  with  water  to  about  150  cc.  Heat  to  boiling,  add  5  cc. 
of  10  per  cent  barium  chloride  solution,  heat  on  the  steam  batn 
for  2  hours,  and  allow  to  stand  overnight.  If  any  precipitate  is 
formed,  filter,  wash  with  water  containing  a  small  quantity  ol 
hydrochloric  acid,  then  wash  with  water  alone,  ignite,  and  weigh. 
The  weight  of  the  ignited  precipitate  should  not  be  more  than 
0.0013  gram  greater  than  the  weight  obtained  in  a  blank  test 
made  with  the  same  quantities  of  reagents  and  including  filtra¬ 
tion  and  ignition  of  the  paper. 

Arsenic.  Test  2  grams  by  the  Gutzeit  method. 

Iron  Dissolve  1  gram  in  a  mixture  of  5  cc.  of  hydrochloric 
acid  and  5  cc.  of  water.  Add  2  drops  of  nitric  acid,  bring  to  a 
boil,  and  cool.  Add  2  cc.  of  10  per  cent  ammonium  thiocyanate 
solution  and  sufficient  water  to  make  15  cc.  Any  red  color 
should  not  be  greater  than  that  produced  by  0.01  mg.  of  ferric 
iron  in  15  cc.  of  hydrochloric  acid  (1  +  2)  vvhen  2  cc.  of  10  per 
cent  ammonium  thiocyanate  solution  are  added. 

Lead  Add  2  grams  to  20  cc.  of  distilled  water  and  after 
stirring  well  add  5  cc.  of  acetic  acid  and  warm  until  solution  is 
effected.  Filter,  if  necessary,  and  add  1  cc.  of  10  per  cent  potas¬ 
sium  chromate  solution.  Any  turbidity  or  precipitate  should 
not  be  greater  than  is  produced  by  0.10  mg.  of  lead  in  an  equal 
volume  of  solution  containing  2  cc.  of  acetic  acid  to  which  1  cc. 
of  10  per  cent  potassium  chromate  has  been  added.  Comparison 

should  be  made  after  10  minutes.  , 

Manganese.  Dissolve  2  grams  in  10  cc.  of  water  and  o  cc. 
of  nitric  acid,  using  an  Erlenmeyer  flask.  Add  1  cc.  of  0.1  A 
silver  nitrate  solution.  Boil  gently  for  1  minute.  Add  5  cc.  of 
10  per  cent  ammonium  persulfate  solution  and  keep  at  about 
100°  C  for  5  minutes.  Cool  the  solution  in  the  flask,  adjust  to 
25  cc.,  and  observe  in  a  tube.  Any  pink  color  should  not  be 
darker  than  that  produced  by  0.01  mg.  of  manganese  which  has 
been  treated  with  the  same  volume  of  reagents  at  the  same  time 
as  the  sample  under  analysis. 

Substances  Not  Precipitated  by  Ammonium  Sulfide.  Dis¬ 
solve  2  grams  by  warming  with  a  mixture  of  15  cc.  of  water  and 
5  cc.  of  acetic  acid.  Dilute  with  water  to  150  cc.  and  pass  hy¬ 
drogen  sulfide  through  the  solution  until  all  the  zinc  is  precipi¬ 
tated.  Add  1  cc.  of  ammonium  hydroxide  and  pass  hydrogen 
sulfide  for  2  minutes  longer.  Filter,  evaporate  75  cc.  ol  the 
filtrate  nearly  to  dryness,  add  0.5  cc.  of  sulfuric  acid,  evaporate 
and  ignite.  The  weight  of  the  ignited  residue  should  not  exceed 
0.0010  gram. 


solution  (1  in  1000)  in  place  of  1  drop  of  indigo  solution  (1  in 
1000) .  In  nearly  all  instances  this  change  makes  no  difference 
in  the  result  of  the  test.  The  change  is  printed  for  those 
tests  in  which  there  is  some  other  modification  of  the  test  or 
the  limit. 

Acetone  (2) 

Assay.  Omit  the  assay  of  this  reagent. 

Acid  Formic  (11) 

Requirement 

Assay.  Not  less  than  85  per  cent. 

Acid  Phosphoric  (4) 

Test 

Iron  Dilute  4  cc.  to  100  cc.,  take  5  cc.  of  this  solution,  and 
dilute  to  40  cc.  Add  2  cc.  of  ammonium  hydroxide  and  5  cc.  of 
freshly  prepared  hydrogen  sulfide  water.  Any  color  produced 
should  not  be  more  than  is  produced  in  a  standard  containing 
1.25  cc.  of  the  same  diluted  phosphoric  acid,  0.0125  mg.  of  iron, 
and  the  same  quantities  of  reagents,  in  the  same  volume. 

Acid  Sulfuric  ( 1 ) 

Test 

Nitrate.  Add  10  cc.  to  5  cc.  of  water  containing  0.10  cc.  of 
indigo  carmine  solution  (1  in  1000).  The  blue  color  should  not 
be  completely  discharged  in  5  minutes. 

Aluminum  and  Potassium  Sulfate  (2) 

Requirements 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Ammonia  (NH3).  Not  more  than  0.02  per  cent. 

Heavy  Metals.  To  pass  test  (limit  about  0.002  per  cent  lead) . 

Tests 

Insoluble  Matter.  The  weight  of  the  residue  should  not 

exceed  0.0010  gram.  ., 

Chloride.  Cool  the  solution  before  the  addition  of  silver 

m  Ammonia.  Dissolve  0.100  gram  in  50  cc.  of  water,  add  sodium 
hydroxide  solution  to  redissolve  the  precipitate  first  formed, 
and  then  add  2  cc.  of  Nessler’s  solution.  The  color  should  not 
be  more  than  is  produced  by  a  quantity  of  ammonium  salt 
corresponding  to  0.02  mg.  of  NH3  in  an  equal  volume  of  solution 
containing  the  quantities  of  sodium  hydroxide  and  Nessler  s 

solution  used  in  the  test.  .  ,  ,  , 

Heavy  Metals.  Dissolve  1  gram  m  50  cc.  of  water  and  pass 
hydrogen  sulfide  through  the  solution.  The  color  produced 
should  not  be  greater  than  that  resulting  from  passing  hydrogen 
sulfide  through  50  cc.  of  water  contaimng  0.02  mg.  of  lead  and 
1  cc.  of  0.1  N  hydrochloric  acid. 

Ammonium  Acetate  (2) 

Test 

Nitrate.  Dissolve  3  grams  in  8  cc.  of  water  and  add  2  cc  of 
a  sodium  chloride  solution  containing  5  mg.  of  NaCl  per  cc.,  0.1U 
cc  of  indigo  carmine  solution  (1  in  1000),  and  10  cc.  of  sulfuric 
acid.  The  blue  color  should  not  be  completely  discharged  in  5 
minutes. 

Ammonium  Carbonate  (2) 

Test 

Nonvolatile  Matter.  Add  5  cc.  of  water  to  the  sample  be¬ 
fore  heating. 


Corrections  for  Published  Specifications 

The  corrections  and  modifications  of  published  specifica¬ 
tions  given  below  have  been  adopted  as  the  result  of  com¬ 
ments  by  members  of  the  committee  and  others  who  have  been 
using  the  specifications.  Some  minor  changes  that  relate 
merely  to  details  of  test  are  not  given.  One  general  modifica¬ 
tion  is  the  use  in  the  nitrate  test  of  0.1  cc.  of  indigo  carmine 


Ammonium  Hydroxide  ( 1 ) 

Test 

Carbon  Dioxide.  Dilute  10  cc.  of  the  sample  with  10  cc.  of 
ater  free  from  carbon  dioxide  and  add  5  cc.  of  a  saturated  solu- 
on  of  barium  hydroxide.  The  turbidity  should  not  be  greater 
ian  is  produced  when  the  same  quantity  of  barium  hydroxide 
.lution  is  added  to  20  cc.  of  water  (free  from  carbon  dioxide) 
mtaining  0.5  mg.  of  sodium  carbonate. 
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Ammonium  Nitrate  (3) 

Requirements 

Free  Acid.  The  requirement  and  test  for  free  acid  should  be 
replaced  by  the  following  requirement  and  test  for  neutrality. 

Neutrality.  To  pass  test. 

Test 

Neutrality.  Dissolve  5  grams  in  50  cc.  of  freshly  boiled  and 
cooled  water  and  add  1  drop  of  methyl  red  indicator  solution.  If 
a  red  color  is  produced  not  more  than  0.10  cc.  of  0.1  N  alkali 
should  be  required  to  discharge  the  red  color. 

Ammonium  Persulfate  (2) 

Requiremen  t 

Insoluble  Matter.  Not  more  than  0.020  per  cent. 

Test 

Insoluble  Matter.  The  weight  of  the  residue  should  not  ex¬ 
ceed  0.0010  gram. 

Ammonium  Phosphate,  Dibasic  (3) 
Requirements 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Nitrate  (N03).  To  pass  test  (limit  about  0.003  per  cent). 

Reaction  to  Phenolphthalein.  To  pass  test. 

Iron  (Fe).  Not  more  than  0.001  per  cent. 

Tests 

Insoluble  Matter.  The  weight  of  the  residue  should  not  ex¬ 
ceed  0.0010  gram. 

Nitrate.  Mix  3  grams  with  1  cc.  of  water  and  add  1  cc.  of 
sodium  chloride  solution  containing  5  mg.  of  sodium  chloride. 
Add  0.1  cc.  of  indigo  carmine  solution  (1  in  1000)  and  10  cc.  of 
sulfuric  acid  and  stir  until  all  phosphate  is  in  solution.  The  blue 
color  should  not  be  completely  discharged  in  5  minutes. 

Reaction  to  Phenolphthalein.  To  a  solution  of  1  gram  in 
10  cc.  of  water  add  0.15  cc.  of  phenolphthalein  solution.  A  per¬ 
ceptible  pink  color  should  be  produced. 

Iron.  Dissolve  5.0  grams  in  100  cc.  of  water.  Dilute  11  cc. 
of  this  solution  to  40  cc.,  and  add  1  cc.  of  ammonium  hydroxide 
and  5  cc.  of  freshly  prepared  hydrogen  sulfide  water.  Any  color 
produced  should  not  be  more  than  is  produced  in  a  standard  con¬ 
taining  1  cc.  of  the  solution  of  the  sample,  0.005  mg.  of  iron,  and 
the  same  quantities  of  reagents,  in  the  same  volume. 

Ammonium  Sulfate  (2) 

Test 

Nitrate.  Dissolve  3  grams  in  8  cc.  of  water  and  2  cc.  of  a 
sodium  chloride  solution  containing  5  mg.  of  NaCl  per  cc.  Add 
0.10  cc.  of  indigo  carmine  solution  (1  in  1000)  and  10  cc.  of  sul¬ 
furic  acid.  The  blue  color  should  not  be  completely  discharged 
in  5  minutes. 

Ammonium  Thiocyanate  (I) 
Requirement 

Iron  (Fe).  Not  more  than  0.0003  per  cent. 

Test 

Iron.  Dissolve  the  residue  from  the  test  for  nonvolatile  mat¬ 
ter  using  5  cc.  of  hydrochloric  acid  and  5  drops  of  nitric  acid. 
Heat  to  boiling,  cool,  dilute  to  25  cc.,  and  add  3  cc.  of  30  per  cent 
ammonium  thiocyanate  solution.  Any  red  color  should  not  be 
greater  than  is  produced  by  0.012  mg.  of  iron  in  an  equal  volume 
of  solution  containing  the  quantities  of  reagents  used  in  the  test. 

Arsenic  Trioxide  (4) 

Tests 

Nonvolatile  Matter.  Use  a  platinum  dish  for  heating  the 
sample. 

Iron.  Omit  requirement  and  test  for  iron. 

Barium  Acetate  (9) 

Test 

Nitrate.  Dissolve  1  gram  in  9  cc.  of  water  and  1  cc.  of  so¬ 
dium  chloride  solution  containing  5  mg.  of  NaCl  per  cc.  Add  0.20 


cc.  of  indigo  carmine  solution  (1  in  1000)  and  then  with  constant 
stirring,  10  cc.  of  sulfuric  acid.  Heat  on  the  steam  bath  for  1 
hour  and  stir  the  precipitate  thoroughly  several  times.  The  blue 
color  of  the  clear  solution  should  not  be  completely  discharged. 

Benzene  (20) 

Requirement 

Water.  To  pass  test  (limit  about  0.02  per  cent). 

Test 

Water.  Place  10  cc.  in  a  test  tube  (150  X  16  mm.)  loosely 
stoppered.  Pack  in  cracked  ice.  No  turbidity  should  be  ob¬ 
served  at  the  end  of  3  minutes. 

Cadmium  Sulfate  (9) 

Requirement 

Nitrate.  To  pass  test  (limit  about  0.003  per  cent). 

Test 

Nitrate.  Dissolve  1  gram  in  8  cc.  of  warm  water  and  2  cc. 
of  a  sodium  chloride  solution  containing  5  mg.  of  NaCl  per  cc. 
Add  0.10  cc.  of  indigo  carmine  solution  (1  in  1000)  and  10  cc.  of 
sulfuric  acid.  The  blue  color  should  not  be  completely  discharged 
in  5  minutes. 

Calcium  Carbonate  (7) 

Requirement 

Insoluble  in  Hydrochloric  Acid  and  Ammonium  Hydroxide 
Precipitate.  Not  more  than  0.015  per  cent. 

Nitrate  (N03).  To  pass  test  (limit  about  0.01  per  cent). 

Tests 

Insoluble  in  Hydrochloric  Acid  and  Ammonium  Hydroxide 
Precipitate.  Use  10  grams  for  the  test.  The  weight  of  the 
ignited  residue  should  not  exceed  0.0015  gram. 

Nitrate.  Dissolve  3  grams  in  15  cc.  of  water,  3  cc.  of  sodium 
chloride  solution  containing  5  mg.  NaCl  per  cc.,  and  8  cc.  of 
acetic  acid.  If  necessary  heat  on  the  steam  bath  to  dissolve  the 
carbonate.  Cool  and  dilute  to  30  cc.  To  10  cc.  add  0.20  cc.  of 
indigo  carmine  solution  (1  in  1000)  and  10  cc.  of  sulfuric  acid. 
Stir  thoroughly  and  allow  to  stand  for  15  minutes.  The  blue 
color  of  the  solution  should  not  be  completely  discharged. 

Calcium  Carbonate,  Low  in  Alkalies  (7) 

Requirement 

Insoluble  in  Hydrochloric  Acid  and  Ammonium  Hydroxide 
Precipitate.  Not  more  than  0.015  per  cent. 

Test 

Insoluble  in  Hydrochloric  Acid  and  Ammonium  Hydroxide 
Precipitate.  Use  10  grams  for  the  test.  The  weight  of  the  ig¬ 
nited  residue  should  not  exceed  0.0015  gram. 

Calcium  Chloride,  Anhydrous  (5) 

Note.  The  grade  of  calcium  chloride  covered  by  this  specifica¬ 
tion  may  contain  enough  boron  to  make  it  unsuitable  for  use  in 
the  determination  of  boron. 

Requirements 

Assay.  Not  less  than  94  per  cent  as  CaCl2. 

Magnesium  and  Alkali  Salts.  Not  more  than  2.0  per  cent 
as  sulfates. 

Test 

Magnesium  and  Alkali  Salts.  Dissolve  1  gram  and  proceed 
as  directed  originally. 

Carbon  Disulfide  (4) 

Foreign  Sulfides.  Change  this  title  to  “Foreign  sulfides  and 
dissolved  sulfur”.  Test  and  requirement  remain  unchanged. 

Test 

Boiling  Range.  Note  the  necessity  of  keeping  the  level  of 
the  liquid  in  the  flask  above  the  level  of  the  water  in  the  bath  dur¬ 
ing  distillation. 
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Carbon  Tetrachloride  (4) 

Test 

Acid.  The  water  used  should  be  free  of  carbon  dioxide.  Use 
0.1  N  sodium  hydroxide. 

Chromium  Trioxide  (3) 

Requirement 

Assay.  Not  less  than  98  per  cent. 

Cupric  Ammonium  Chloride  (6) 

Requirement 

Nitrate  (N03).  To  pass  test  (limit  about  0.005  per  cent). 

Test 

Nitrate  To  2  grams  in  10  cc.  of  water,  in  a  small  Erlen- 
mewer  flask,  add  10  cc.  of  20  per  cent  sodium  hydroxide  solution. 
Bring  the  solution  to  a  boil  and  boil  to  remove  all  ammonia,  con¬ 
stantly  rotating  the  flask  over  a  small  flame  to  avoid  bumping. 
Filter  and  add  to  the  filtrate  0.10  cc.  of  indigo  carmine  solutio 
(1  in  1000)  and  10  cc.  of  sulfuric  acid.  The  blue  color  should  no 
entirely  disappear  in  5  minutes. 

Cupric  Sulfate  (3) 

Test 

Ammonium  Sulfide  Metals  Other  Than  Iron.  Dilute  to 
100  cc.  the  filtrate  and  washings  obtained  in  the  test  for  .amm  - 
nium  hvdroxide  precipitate.  Exactly  neutralize  10  cc.  with  dilute 
hydrochloric  acid  and  dilute  to  20  cc.  Add  2  drops  of  ammonium 
hvdroxide  and  1  cc.  of  hydrogen  sulfide  water.  Ihe  solution 
should  not  be  darker  than  a  standard  prepared  in  the  same  way 
and  containing  0.035  mg.  of  nickel. 

Cuprous  Chloride  (7) 

Requirements 

Insoluble  in  Acid.  Not  more  than  0.050  per  cent 
Substances  Not  Precipitated  by  Hydrogen  Sulfide. 
more  than  0.50  per  cent  as  sulfates. 


Not 


Test 

Phosphate.  Place  10  strips  in  10  cc.  of  water  to  which  have 
been  added  1  cc.  of  nitric  acid  and  0.5  cc.  of  ammonium  hydroxide. 
Allow  to  stand  for  10  minutes.  Decant  the  soUition  wann  and 
add  5  cc.  of  ammonium  molybdate  solution  Shake  at  about  40  • 

for  5  minutes.  No  precipitate  of  phosphomolybdate  should  be 

produced. 

Magnesium  Sulfate  (7) 

Requirement 

Sodium  (Na).  To  pass  test  (limit  about  0.02  per  cent  Na2S04). 

Test 

Nitrate.  Dissolve  2  grams  in  9  cc.  of  water  and  1  ccofa 
solution  of  sodium  chloride  cental rung  5  “S-  ^aGl I  p er  cc 

Add  0  20  cc  of  indigo  carmine  solution  (1  m  1000)  ana  IU  cc. 
sulfuric  acid.  The  blue  color  should  not  be  completely  dis¬ 
charged  in  5  minutes. 

Potassium  Bisulfate,  Fused  (9) 

Requirement 

Acidity.  Not  less  than  35.0  per  cent  nor  more  than  37.0  per 
cent  as  H2SO4. 

Potassium  Bromate  (3) 

Test 

Insoluble  Matter.  The  solution  should  be  heated  on  the 
steam  bath  for  1  hour  before  filtering. 

Potassium  Carbonate,  Anhydrous  (2) 

Requirement 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Tests 

Insoluble  Matter.  Weight  of  the  dried  residue  should  not 

eXCHLo°RiDE  AND  Chlorate.  Ignite  1  gram  and  make  compari¬ 
son  with  turbidity  produced  by  0.03  mg.  of  chloride. 


Tests 


of  the  insoluble  residue 


Nitrate  (N03). 


Chloride. 


Lead  Dioxide  (3) 

Requirement 

Not  more  than  0.005  per  cent. 
Test 


Potassium  Chloride  ( 2 ) 


Insoluble  in  Acid.  The  weight 

should  not  exceed  0.0025  gram.  q  FTm,,  The 

Substances  Not  Precipitated  by  Hydrogen  Sulfide.  Ihe 
weight  of  the  ignited  residue  should  not  exceed  0.0050  gram. 

Lead  Acetate  (7) 

Requirement 

To  pass  test  (limit  about  0.005  per  cent). 

Test 

Nitrate.  Dissolve  1  gram  in  9  cc.  of  water  and  1  cc.  of  so¬ 
dium  chloride  solution  containing  5  mg  of  N aCl  per  cc.  • 

cc  of  indigo  carmine  solution  (1  in  1000)  and  10  cc  ot  sultunc 
acid  Stir  thoroughly  and  allow  to  stand  for  10  minutes.  The 
blue  color  of  the  clear  solution  should  not  be  completely  di  - 
charged. 


Chloride  Dissolve  2  grams  in  20  cc.  of  dilute  acetic  acid 
<1+  9  to  which  have  been  added  2  cc.  of  hydrogen  peroxide  (30 
per  cent).  Filter  and  dilute  to  100  cc.  Dilute  10  cc  of  this 
solution  to  25  cc.  and  add  1  cc.  of  nitric  acid  and  1  cc.  of  0.1 
silver  nitrate  Any  turbidity  should  not  be  greater  than  is  pro¬ 
duced  by  0.01  mg.  of  chloride  ion  in  an  equal  volume  of  solutio 
containing  the  quantities  of  reagents  used  m  the  test. 

Litmus  Paper  (9) 

Note.  When  litmus  paper  is  used  in  a  solution  the  length  of 
the  piece  should  not  be  more  than  0.5  cm. 

Requirement 

Phosphate.  To  pass  test. 


Requirements 

Tm^ot  ttrt  e  Matter  Not  more  than  0.005  per  cent. 

Chlob*™  (CIO.  and  NO.).  To  pas.  test  (hm, 

about  0.001  per  cent  as  CIO.  or  0.003  per  cent  as  NO.), 
title  replaces  the  title  “nitrate”  originally  printed. 

Tests 

Insoluble  Matter.  The  weight  of  the  residue  should  not 

“SSoaSrNrTaaxp.  Dissolve  1  ™»  i.  10  -  0,  water, 
and  add  0  10  cc.  of  indigo  carmine  solution  (1  m  1000)  and  1U  cc. 
of  sulfuric  acid.  The  blue  color  should  not  be  completely  dis¬ 
charged  in  5  minutes. 

Potassium  Dichromate  (J) 

Renlace  the  requirement  and  test  for  “insoluble  matter”  by  the 
requirement  and  test  for  “insoluble  matter  and  ammonium 
hydroxide  precipitate”  given  below. 

Requirement 

Insoluble  Matter  and  Ammonium  Hydroxide  Precipitate. 
Not  more  than  0.010  per  cent. 

Tests 

Insoluble  Matter  and  Ammonium  Hydroxide  Precipitate. 
To  a  solution  of  10  grams  of  the  sample  in  100  cc.  of  water  add  1 
cc  of  ammonium  hydroxide  and  digest  for  1  hour  on  the  steam 
bath!  Filter,  wash  thoroughly,  and  ignite  The  weight  of  the 
ignited  precipitate  should  not  exceed  0.0010  gram. 

Potassium  Ferricyanide  (5) 

Test 

Insoluble  Matter.  Dissolve  10  grams  in  50  cc.  of  water  at 
room  temperature,  filter  promptly  through  asbestos,  wash  thor- 
ouo-hly,  dry  at  105°  to  110°  C„  and  weigh.  The  weight  of  the 
residue  should  not  exceed  0.0005  gram. 
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Potassium  Iodate  ( 3 ) 

Test 

Nitrogen  Compounds.  The  solution  for  comparison  as  a 
standard  should  be  made  by  treatment  of  a  solution  of  an  am¬ 
monium  salt  corresponding  to  0.05  mg.  of  nitrogen. 

Potassium  Nitrate  (10) 

Test 

Calcium,  Magnesium,  and  Ammonium  Hydroxide  Precipi¬ 
tate.  Filter  the  solution  of  10  grams  in  75  cc.  of  water  before 
the  addition  of  reagents. 

Potassium  Oxalate  (22) 

Test 

Sulfate.  Ignite  4  grams  in  a  platinum  crucible,  using  a  sulfur- 
free  flame.  Take  up  the  residue  in  25  cc.  of  water  and  5  cc.  of 
bromine  water.  Heat  for  15  minutes  on  the  steam  bath,  neutral¬ 
ize  with  hydrochloric  acid,  add  an  excess  of  1  cc.  of  A  hydro¬ 
chloric  acid,  and  boil  to  remove  bromine.  Dilute  to  about  100 
cc.,  heat  to  boiling,  add  5  cc.  of  10  per  cent  barium  chloride  solu¬ 
tion  and  allow  to  stand  for  18  hours.  Any  precipitate  formed 
should  not  weigh  after  ignition  over  0.0010  gram  more  than  the 
precipitate  obtained  in  a  blank  test  made  with  the  same  quanti¬ 
ties  of  reagents  and  including  filtration  and  ignition  of  the  paper. 

Potassium  Permanganate  (2) 

Appearance.  Omit  requirement  relating  to  appearance. 
Tests  have  shown  that  there  is  not  necessarily  a  definite  relation 
between  appearance  and  quality. 

Requirement 

Insoluble  Matter.  Not  more  than  0.20  per  cent. 

Test 

Insoluble  Matter.  Dissolve  2  grams  in  150  cc.  of  warm 
water  at  water-bath  temperature.  Filter  at  once  through  asbes¬ 
tos  in  a  Gooch  crucible,  wash  thoroughly,  dry  at  110°  C.,  and 
weigh.  The  weight  of  the  dried  residue  should  not  exceed  0.0040 
gram. 

Potassium  Phosphate,  Monobasic  (4) 

Test 

Iron.  Dissolve  5.5  grams  in  100  cc.  of  water.  Dilute  10  cc.  of 
this  solution  to  40  cc.  and  add  2  cc.  of  ammonium  hydroxide  and 
5  cc.  of  freshly  prepared  hydrogen  sulfide  water.  Any  color  pro¬ 
duced  should  not  be  more  than  is  produced  in  a  standard  contain¬ 
ing  1  cc.  of  the  solution  of  the  sample,  0.010  mg.  of  iron,  and  the 
same  quantities  of  reagents,  in  the  same  volume. 

Sodium  Acetate  (NaC2H302.3H20)  (3) 

Requirement 

Neutrality.  To  pass  test  (limits  approximately  0.02  per  cent 
sodium  carbonate  or  0.012  per  cent  acetic  acid). 

Test 

Neutrality.  Dissolve  5  grams  in  100  cc.  of  strictly  carbon 
dioxide-free  water.  Cool  to  10°  C.  and  add  3  drops  of  phenol- 
phthalein  solution.  If  a  pink  color  is  produced,  it  should  be  dis¬ 
charged  by  the  addition  of  0.1  cc.  of  0.1  A  hydrochloric  acid.  If 
no  pink  color  is  produced  the  addition  of  0.1  cc.  of  0.1  A  caustic 
alkali  should  produce  a  pink  color. 

Sodium  Bicarbonate  (2) 

Requirement 

Insoluble  Matter.  Not  more  than  0.015  per  cent. 

Tests 

Insoluble  Matter.  The  weight  of  the  residue  should  not 
exceed  0.0015  gram. 

Chloride.  Use  a  1-gram  sample  and  compare  with  the  tur¬ 
bidity  produced  by  0.03  mg.  of  chloride. 


Sodium  Bisulfate  Fused  (5) 

Requirement 

Acidity.  Not  more  than  42.0  per  cent  or  less  than  39.0  per 
cent  as  H2SO4. 

Test 

Ammonium  Hydroxide  Precipitate.  Digest  on  the  steam 
bath  for  1  hour  before  filtering. 

Sodium  Carbonate,  Anhydrous  (2) 
Requirements 

Insoluble  Matter.  Not  more  than  0.010  per  cent. 

Ammonium  Hydroxide  Precipitate.  Not  more  than  0.010 
per  cent. 

Use  above  title  in  place  of  “silica  and  ammonium  hydroxide 
precipitate”. 

Tests 

Insoluble  Matter.  The  weight  of  the  residue  should  not 
exceed  0.0010  gram. 

Chloride.  Dissolve  1  gram  in  20  cc.  of  warm  water  and  add 

1  cc.  of  nitric  acid  and  1  cc.  of  0. 1  A  silver  nitrate  solution.  Any 
turbidity  should  not  be  greater  than  is  produced  by  0.05  mg.  of 
chloride  ion  in  an  equal  volume  of  solution  containing  the  quanti¬ 
ties  of  reagents  used  in  the  test. 

Ammonium  Hydroxide  Precipitate.  Dissolve  10  grams  in  50 
cc.  of  water,  add  an  excess  of  sulfuric  acid,  evaporate,  and  drive 
off  the  fumes  of  sulfuric  acid  until  the  residue  is  nearly  dry. 
Cool,  take  up  in  about  100  cc.  of  water,  add  a  few  drops  of  methyl 
red  solution,  and  add  ammonium  hydroxide  carefully  until  the 
solution  is  just  alkaline.  Boil,  filter,  reserving  the  filtrate  for  the 
calcium  and  magnesium  test;  wash,  rejecting  the  washings;  ig¬ 
nite  and  weigh  the  precipitate.  The  weight  of  the  ignited  precipi¬ 
tate  should  not  exceed  0.0010  gram. 

For  the  information  of  laboratories  wishing  to  determine  silica 
in  sodium  carbonate  the  following  procedure  is  suggested: 

Dissolve  10  grams  in  100  cc.  of  water  and  acidify  with  sulfuric 
acid.  Add  50  mg.  of  iron  (added  as  ferric  nitrate),  dilute  to  300 
to  350  cc.,  make  alkaline  to  litmus  with  ammonium  hydroxide, 
boil  1  to  2  minutes,  filter,  and  wash  well  with  hot  2  per  cent  am¬ 
monium  nitrate  solution.  Wash  the  precipitate  off  the  paper  into 
the  original  beaker,  dissolve,  and  reprecipitate.  Filter  again  on 
the  same  paper,  wash  thoroughly,  and  ignite  at  900°  C.  Add  1 
to  2  cc.  of  hydrofluoric  acid  and  1  drop  of  sulfuric  acid,  evaporate, 
and  reignite  at  900°  C.  Loss  in  weight  is  silica.  All  operations 
should  be  done  in  platinum. 

Calcium  and  Magnesium  Precipitate.  Neutralize  the 
filtrate  from  the  test  for  ammonium  hydroxide  precipitate  with 
hydrochloric  acid  and  add  an  excess  of  0.5  cc.  of  the  acid.  Filter 
if  necessary.  Add  5  cc.  of  4  per  cent  ammonium  oxalate  solution, 

2  cc.  of  10  per  cent  ammonium  phosphate  solution,  and  10  cc.  of 
ammonium  hydroxide.  Stir  well  and  allow  to  stand  overnight. 
If  any  precipitate  is  formed,  filter,  wash  with  water  containing  2.5 
per  cent  of  ammonia,  and  dry.  Mix  the  residue  with  about  0.02 
gram  of  sucrose,  ignite,  and  weigh.  The  weight  of  the  ignited 
residue  should  not  exceed  0.0015  gram. 

Sodium  Chloride  (5) 

Requirement 

Chlorate  and  Nitrate  (C103  and  N03).  To  pass  test  (limit 
about  0.001  per  cent  as  C103  or  0.003  per  cent  as  N03). 

Test 

Chlorate  and  Nitrate.  Dissolve  2  grams  in  10  cc.  of  water, 
and  add  0.10  cc.  of  indigo  carmine  solution  (1  in  1000)  and  10  cc. 
of  sulfuric  acid.  The  blue  color  should  not  be  entirely  destroyed 
in  10  minutes. 

Sodium  Hydroxide  (2) 

Requirement 

Assay.  Not  less  than  97  per  cent  NaOH. 

Sodium  Nitrite  (20) 

Test 

Chloride.  To  1  cc.  of  Solution  A  add  10  cc.  of  water  and  add 
slowly  1  cc.  of  glacial  acetic  acid.  Warm  gently  till  no  more  gas 
is  evolved,  cool,  and  dilute  to  25  cc.  Add  1  cc.  of  nitric  acid  and 
1  cc.  of  0.1  A  silver  nitrate  solution.  Any  turbidity  should  not 
be  greater  than  is  produced  by  0.01  mg.  of  chloride  ion  in  an  equal 
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volume  of  solution  containing  the  quantities  of  reagents  used  in 
the  test. 

Sodium  Oxalate  ( 1 ) 


Xylene  (10) 

Requirement 

Water.  To  pass  test  (limit  about  0.02  per  cent). 


Test 

Sulfate.  Ignite  10  grams  in  a  platinum  crucible,  using  an 
alcohol  flame  to  avoid  contamination  from  a  gas  flame,  lake 
up  the  residue  in  25  cc.  of  water  and  3  cc.  of  bromine  water.  Heat 
for  15  minutes  on  the  steam  bath,  neutralize  with  hydrochloric 
acid,  and  add  an  excess  of  1  cc.  of  dilute  acid  (1  +  4).  Heat  to 
remove  bromine,  make  to  a  volume  of  about  100  cc.,  heat  to  boil¬ 
ing  add  5  cc.  of  10  per  cent  barium  chloride  solution,  heat  on  the 
steam  bath,  and  allow  to  stand  overnight.  If  a  precipitate  is 
formed  the  weight  of  the  ignited  precipitate  should  not  be  more 
than  0  0005  gram  greater  than  the  weight  of  the  ignited  precipi¬ 
tate  from  a  blank  made  with  the  quantities  of  reagents  used  in  the 
test. 

Sodium  Thiosulfate  (2) 


Requirement 

Insoluble  Matter.  Not  more  than  0.005  per  cent. 

Test 

Insoluble  Matter.  No  change  except  that  the  weight  of  the 
residue  should  not  exceed  0.0005  gram. 

Toluene  (10) 

Requirement 

Water.  To  pass  test  (limit  about  0.02  per  cent). 

Test 

Water.  Place  10  cc.  in  a  test  tube  (150  X  16  mm.)  loosely 
stoppered.  Pack  in  cracked  ice.  No  turbidity  should  be  ob- 
served  at  the  end  of  3  minutes. 


Test 

Water.  Place  10  cc.  in  a  test  tube  (150  X  16  mm.)  loosely 
stoppered.  Pack  in  cracked  ice.  No  turbidity  should  be  o  )- 
served  at  the  end  of  3  minutes. 

Zinc  Sulfate  (7) 

Test 

Nitrate.  Dissolve  2  grams  in  9  cc.  of  water  and  1  cc.  of  so¬ 
dium  chloride  solution  containing  5  mg.  of  NaCl  per  cc.  Add  0.  U 
cc.  of  indigo  carmine  solution  (1  in  1000)  and  10  cc.  of  sulfur 
acid.  The  blue  color  should  not  be  completely  discharged  in  5 

minn+OC 
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Spectrophotometric  Determination  of  Vitamin  A 

Critical  Study  of  Applicability  to  Fish  Liver  Oils 

D.  T.  EWING  AND  J.  M.  VANDENBELT,  Michigan  State  College,  East  Lansing,  Mich.,  AND 
A.  D.  EMMETT  AND  O.  D.  BIRD,  Parke,  Davis  &  Company,  Detroit,  Mich. 


IT  IS  the  general  opinion  that  the  determination  of  vitamin 
A  in  fish  liver  oils  and  other  products  by  physical  methods 
has  shown  definite  promise  of  giving  satisfactory  results.  The 
several  factors  in  the  spectrophotometric  method  have  there¬ 
fore  been  studied  in  an  effort  to  increase  our  knowledge  of  its 
accuracy,  in  the  hope  that  it  may  come  into  more  regular 
application  as  a  quantitative  procedure. 

The  amount  of  vitamin  A  in  a  fish  liver  oil  may  be  esti¬ 
mated  quantitatively  in  a  number  of  ways.  The  most  common 
are  the  biological,  the  colorimetric,  and  the  spectrophotometric 
methods.  The  historical  development  of  the  subject  has  been 
covered  very  thoroughly  by  Munsell  (6).  Suffice  it  to  state 
that  the  first  biological  assays  were  carried  out  by  Drummond 
and  Coward  (2),  the  first  color  reaction  using  arsenic  trichlo¬ 
ride  by  Rosenheim  and  Drummond  (7),  and  the  color  reaction 
using  antimony  trichloride  by  Carr  and  Price  (1).  Spectro¬ 
photometric  measurement  in  the  visible  range  at  698  mg 
was  made  first  by  Drummond  and  Morton  (8).  Takahashi 
et  al.  (8)  first  reported  on  the  selective  absorption  charac¬ 
teristics  of  vitamin  A  in  the  ultraviolet,  while  the  absorptive 
maximum  in  that  region  was  established  at  328  mg  by  Morton 
and  Heilbron  (5).  Comparison  of  the  data  by  these  methods 
has  shown,  in  the  hands  of  various  workers,  both  small  and 
large  discrepancies. 


Because  it  is  generally  recognized  that  the  spectrophoto¬ 
metric  method  is  intrinsically  capable,  of  making  very  ac¬ 
curate  determinations  with  both  organic  and  inorganic  sub¬ 
stances,  the  authors  have  made  a  careful  study  of  the  factors 
involved  with  respect  to  vitamin  A  in  fish  liver  oils.  This  has 
included  the  solvent  and  its  action,  the  effect  of  variation  in 
cells,  the  application  of  Lambert’s  and  Beer’s  laws,  the  im¬ 
portance  of  instrument  adjustment,  the  light  source,  and  in¬ 
cidentally  the  practical  limits  of  a  few  interfering  substances. 

Method  and  Plan 


Having  investigated  the  above  factors,  the  next  step  was 
to  test  the  precision  of  the  technique.  A  series  of  many  de¬ 
terminations  was  made  on  each  of  several  fish  liver  oils,  to 
ascertain  the  spread  or  variation  in  the  maximum  extinction 
coefficient  or  T^V  value  at  328  mg  (325  to  328  mg)  on  each 
sample.  This  was  taken  as  an  indication  or  index  of  the 
reproducibility  of  the  technique. 


The  spectrophotometric  setup  consisted  of  a  Bausch  &  Lomb 
;ctor  photometer  with  a  quartz  optical  system  and  a  Bausch  & 
,omb  medium  quartz  spectrograph.  A  condensed  spark  be- 
,veen  tungsten  steel  electrodes  supplied  the  ultraviolet  radiation, 
he  energy  being  generated  by  a  Bausch  &  Lomb  450  V A  mduc- 
ance  transformer.  Eastman  No.  33  photographic  plates  were 
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Table  I. 

Effect  of  Time 

Time  Elapsed 

^1% 

after  Solution 

*1  cm. 

Min. 

5 

31.0 

15 

31.6 

30 

31.6 

60 

31.2 

Hours 

2 

29.7 

3 

28.1 

4 . 5 

26.6 

7.25 

25.6 

25 

25.7 

47 

23.2 

Table  II.  Comparison  of  Extinction  Coefficients  in 
Isopropyl  and  Absolute  Ethyl  Alcohol 

- - -E}%  Values - . 

1  cm. 


Type  of 

Fish  Liver 

Isopropyl, 

Absolute 

ethyl, 

Ratio, 

Oil 

I 

ii 

II/I 

Halibut  (3898) 

31.5 

31.6 

1.003 

Halibut  (2458) 

26.8 

27.2 

1.015 

Halibut  (2668) 

31.0 

32.0 

1.032 

Halibut  (2528) 

31.3 

30.9 

0.987 

Halibut  (2978) 

31.8 

31.6 

0.994 

Mixture  (4288) 

78.7 

81.4 

1.034 

Cod  (9758)  , 

1.59 

1.62 

1.019 

used  throughout.  They  were  processed  by  No.  D-l  developer 
at  18°  C. 

Samples  of  the  fish  liver  oils  were  weighed  out  and  dissolved 
in  redistilled  isopropyl  alcohol  (Eastman).  The  spectrophoto- 
metric  E^m.  value  was  then  determined.  The  first  photo¬ 
graphic  exposure  was  made  10  minutes  after  preparation  of  the 
solution,  and  other  exposures  followed  immediately.  The  plate 
was  processed  under  carefully  controlled  and  reproducible  condi¬ 
tions.  When  the  emulsion  was  completely  dry,  the  “isodensity” 
or  “reversal”  points  were  marked  on  the  glass  side. 

The  log  I0/I  of  the  absorptive  maximum  was  then  deter¬ 
mined,  where  I0  equals  incident  light  (100  per  cent),  and  I 
equals  per  cent  of  light  transmitted  at  the  wave  length  of  the 
absorptive  maximum.  The  extinction  coefficient  of  the  ab¬ 
sorptive  maximum  was  calculated  from  the  formula : 

Ei%  =  1  X  log  Ip/ 1 

1  cm.  d  X  %  concentration 

where  d  equals  length  of  light  path  through  the  solution  in 
cm.,  and  the  per  cent  concentration  equals  100  times  the 
weight  of  sample  in  grams  divided  by  the  milliliters  of  solvent. 

Fundamental  Factors 

Effect  of  Time  on  E\%m  Value  in  Solution.  Table 
I  gives  the  values  of  halibut  liver  oil  (3898)  in  iso¬ 

propyl  alcohol  at  varying  time  intervals  after  addition  of  the 
solvent  to  the  sample.  The  absorption  reached  a  maximum 
value  after  5  minutes  and  remained  fairly  constant  for  about 
an  hour,  after  which  there  was  a  significant  decrease. 

Comparison  of  Solvents.  Table  II  gives  extinction  co¬ 
efficients  at  328  m/i  in  isopropyl  and  absolute  ethyl  alcohol. 
The  ratios,  being  near  unity,  show  that  these  alcohols  can 
be  used  interchangeably  in  the  determination  of  the  E\%m 
value  of  fish  liver  oils. 

Isopropyl  alcohol  was  used  as  a  solvent  throughout  this 
work  because  it  is  a  superior  solvent  for  oils.  This  is  an  ad¬ 
vantage  in  assaying  oils  of  low  potency. 

Influence  of  Types,  Cleanliness,  and  Position  of 
Cells.  Bausch  &  Lomb  10-mm.  cells  were  used  in  part  of 
this  work  and  Zeiss  10-mm.  cells  in  the  other  part.  In  order 
to  ascertain  the  relative  absorption  of  the  end  pieces  of  the 
several  cells,  the  molecular  extinction  coefficient  of  potassium 
nitrate  was  determined  in  both  types.  The  values  obtained 


are  given  in  Table  III.  It  is  evident  that  the  cells  should 
always  be  checked  against  each  other,  in  order  to  eliminate 
variations  due  to  errors  in  the  length  of  cells  and  differences 
in  the  absorption  of  the  end  pieces. 

Extreme  cleanliness  of  the  cell  wall  is  essential,  particularly 
with  reference  to  oily  residues  remaining  from  the  previous 
sample.  Just  before  each  run,  the  quartz  surfaces  should  be 
wiped  with  fresh  lens  paper. 

Perpendicularity  of  the  ends  of  the  cells  to  the  fight  beam  is 
necessary,  and  the  cells  must  always  occupy  exactly  the  same 
position  with  respect  to  the  optical  path. 

Lambert’s  Law.  A  halibut  fiver  oil  sample  (908,871)  was 
dissolved  in  isopropyl  alcohol  and  diluted  so  that  the  absorp¬ 
tion  of  the  solution  was  suitable  for  an  E\%m  determination 
in  the  10-mm.  cells.  (The  log  I0/I  was  equal  to  approxi¬ 
mately  1.0.)  The  E\°^m_  value  of  this  concentration  was  ob¬ 
tained  also  in  each  of  the  cell  lengths  1,  2.5,  5,  20,  and  50  mm. 
The  solvent  path  shutter  readings  were  changed  to  conform 
with  the  various  optical  densities  of  the  different  length 
cells.  The  values  (Table  IV)  determined  under  these 

conditions  did  not  change  with  cell  length,  except  for  small 
variations  ascribable  to  the  method,  thereby  complying  with 
the  requirements  of  Lambert’s  law. 

Beer’s  Law.  By  proportionally  increasing  the  concen¬ 
tration  of  the  fish  fiver  oil  solution  in  the  cells  shorter  than 
10  mm.,  and  decreasing  it  for  examination  in  the  longer  cells, 
the  E\^°m  values  (Table  IV)  at  a  wide  range  of  concentra¬ 
tion  were  obtained.  Over  a  range  of  50  times  difference  in 
concentration,  the  variation  in  values  for  the  oil  was 

no  greater  than  that  obtained  when  a  series  of  a  similar  num¬ 
ber  of  determinations  was  made  at  one  concentration  and  one 
cell  length.  Therefore,  both  Lambert’s  and  Beer’s  laws  are 
valid  for  dilutions  of  vitamin  A  within  the  accuracy  of  the 
method  used. 

Light  Source.  Two  sources  of  ultraviolet  radiation  were 
used.  The  first  was  a  condensed  spark  between  wedge-tipped 
tungsten  alloy  steel  electrodes.  Using  a  slit  width  of  40  mi¬ 
crons,  the  amount  of  fight  emitted  by  this  spark  gave,  in  15 


Table  III.  Comparison  of  Cells  by  Measurement  of 
Molecular  Extinction  Coefficients  of  Potassium  Nitrate 


Solvent  Cell 

Solution  Cell 

X  =  301  mg 

B  &  L.  1 

B  &  L.  2 

7.00 

B.&  L.  2 

B.&  L.  1 

7.00 

Zeiss  I 

Zeiss  2 

6.97 

Zeiss  2 

Zeiss  I 

6.97 

Zeiss  3 

Zeiss  4 

6.67 

Zeiss  4 

Zeiss  3 

7.00 

Table  IV.  Application  of  Lambert’s  and  Beer’s  Laws 

(Halibut  liver  oil  No.  908,871) 

, - Length  of  Cell - 

1  2.5  5  10  20  50 


Concentration, 

% 

mm. 

mm. 

mm. 

7?1% 

mm. 

Values 

mm. 

mm. 

*1  cm. 

0.314 

30  1 
29.9 

28.1 

28.1 

0.127 

29.1 

30.1 

28.7 

28.2 

28.9 

28.9 

0.063 

28.3 

28.8 

29.2 

29.6 

29.8 

29.8 

29.6 

29.6 

0.0314 

28.1 

29.5 

28.9 

29.1 

29.7 

29.1 

28.5 

29.8 

0.0157 

27.7 

28.2 

29.6 

29.9 

29.7 

29.1 

28.3 

27.7 

0.0063 

29.1 

29.1 

28.0 

28.4 

29.9 

29.9 

Summary  (40 

tests) : 

Mean  29.04 

Maximum  range,  %  8.3 

Maximum  deviation,  %  4.8 
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Table  V.  E[ 


■i% 


Valtjes  of  Halibut  Liver  Oil  3898  at 
328  mu 

(As  determined  by  the  spectrophotometer) 

Concen- 


Test 

No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

XI 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 


Spectro¬ 

gram 

No. 

390a 
390b 
391a 
391b 
392a 
392b 
393a 
393b 
394a 
394b 
395a 
395b 
396a 
396b 
397  a 
397b 
398a 
398b 

399  a 
399b 

400  a 
400b 
401a 
401b 
402a 
402b 
403a 
403b 
404a 
404b 
405a 
405b 
406a 
406b 
407  a 
407b 
408a 
408b 
409a 
409b 
410 


Summary  (41  tests): 


tration, 

% 

0.0330 
0.0336 
0.0300 
0.0304 
0.0314 
0.0320 
0.0306 
0.0292 
0.0318 
0.0334 
0.0298 
0.0322 
0.0290 
0.0312 
0.0300 
0.0290 
0.0288 
0.0304 
0.0302 
0.0296 
0 . 0308 


Mean  value 
Maximum  range,  % 
Maximum  deviation, 


Shutter 

Log  Io/l 

gl% 

Reading 

328  m/t 

*1  cm. 

9-10 

1.02 

30.9 

9-10 

1.02 

30.9 

8-9 

1.07 

31.8 

9-10 

1.02 

30.4 

11-12 

0.94 

31.3 

10-11 

0.98 

32.6 

11-12 

0.94 

30.9 

11-12 

0.94 

30.9 

10-11 

0.98 

31.2 

9-10 

1.02 

32.5 

10 

1.00 

31.2 

9-10 

1.02 

31.9 

10-11 

0.98 

32.0 

10-11 

0.98 

32.0 

12 

0.92 

31.5 

11-12 

0.94 

32.2 

10-11 

0.98 

30.8 

10(-) 

1.01 

31.8 

9-10 

1.02 

30.5 

9 

1.05 

31.4 

11-12 

0.94 

31.5 

11-12 

0.94 

31.5 

9 

1.05 

32.6 

9-10 

1.02 

31.6 

11-12 

0.94 

32.4 

12-13 

0.90 

31.0 

11 

0.96 

30.8 

10-11 

0.98 

31.4 

11-12 

0.94 

31.3 

11-12 

0.94 

31.3 

12 

0.92 

31.7 

11-12 

0.94 

32.4 

12-13 

0.90 

31.2 

12-13 

0.90 

31.2 

10-11 

0.98 

32.2 

10-11 

0.98 

32.2 

11-12 

0.94 

31.1 

11-12 

0.94 

31.1 

12-13 

0.90 

30.5 

12-13 

0.90 

30.5 

10-11 

0.98 

31.8 

% 


31.46 

7.0 

3.5 


Halibut 

(16,519) 


seconds,  a  suitable  exposure  at  328  m/t  for  an  Eastman  33  plate, 
if  the  optical  density  of  the  absorbing  solution  was  equal  to 
approximately  1.0.  Second,  a  Hilger  hydrogen  discharge 
tube  was  employed.  Although  requiring  somewhat  longer  ex¬ 
posure  time  than  the  spark,  it  was  found  to  be  superior  from 
the  standpoint  of  both  convenience  and  reproducibility.  In 
either  case  only  when  the  various  parts  of  the  spectrophoto- 
metric  setup  were  in  exact  optical  alignment  was  it  possible 
to  obtain  optimum  working  conditions  as  to 
minimum  exposure  time  and  transmission 
into  the  low  ultraviolet  region. 

Exposure  Latitude  and  Density  of 
Photographic  Plate.  The  processing  of 
the  photographic  plate  was  carried  out  under 
well-defined  conditions.  Using  an  Eastman 
calibrated  21-step  tablet  an  exposure  by 
direct  contact  was  made  on  each  plate.  The 
density  vs.  log  exposure  curve  gave  a  gamma 
of  0.9  for  the  plate  as  processed  under  care¬ 
fully  controlled  conditions.  The  isodensity 
points  had  a  value  of  approximately  0.6 
as  read  on  an  Eastman  transmission  den¬ 
sitometer. 

Interfering  Substances.  Some  few 
compounds  commonly  found  with  fish  fiver 
oils  exhibit  absorption  at  328  m/x.  Naturally 
occurring  are  the  unsaturated  long-chain 
fatty  acids,  oleic  and  palmitic,  which  have 
extinction  coefficients  °f  0-88  and 

0.63,  respectively.  In  low  potency  oils,  such 
as  cod  fiver  oils,  these  should  be  removed  by 
saponification.  The  saturated  compound, 


stearic  acid,  has  an  E\^m_  value  of  but  0.03,  which  is  of 
no  practical  consequence. 

The  metallic  salts  of  fatty  acids,  for  the  most  part,  are  in¬ 
soluble  in  isopropyl  alcohol,  and  are  eliminated  thereby. 
Copper  oleate,  although  slightly  soluble,  has  a  deep  green 
color,  and  can  be  easily  detected.  On  the  other  hand,  ferric 
oleate  is  soluble  in  isopropyl  alcohol  and  has  significant  ab¬ 
sorption  at  328  m/x  at  concentrations  as  low  as  0.001  per  cent. 
It  can  be  detected  by  means  of  the  thiocyanate  test  when 
present  to  the  extent  of  only  0.0005  per  cent.  It  is  obvious 
that  if  the  chemical  test  is  negative  for  iron,  the  Ei  c°m.  value 
has  not  been  significantly  increased. 

Application  of  Spectrophotometer  to 
Fish  Liver  Oil 

Spectrophotometer  Series.  Table  V  gives  all  values  ob¬ 
tained  with  the  Bausch  &  Lomb  spectrophotometer  in  a  rep¬ 
resentative  series  of  tests  on  halibut  fiver  oil  3898,  this  being 
typical  of  the  seven  fish  fiver  oils  studied  in  the  long  series 
on  reproducibility  of  technique.  The  data  show,  respectively, 
the  test  number,  spectrogram  number,  solution  concentra¬ 
tion,  shutter  reading  of  the  “isodensity”  point  at  the  328  m/x 
absorptive  maximum  on  the  finished  spectrogram,  log  E/1 
value  or  solution  density  corresponding  to  the  shutter  reading 
at  the  wave-length  maximum,  and  the  calculated  extinction 

coefficient  E\%m.  at  328  m/x- 

The  summary  at  the  bottom  of  Table  V  shows  that  the 
maximum  range  for  these  41  tests  was  7.0  per  cent— that  is, 
the  difference  between  the  highest  and  the  lowest  values  was 
7.0  per  cent  of  the  mean.  The  maximum  deviation,  or  largest 
per  cent  difference  between  any  single  value  and  the  mean, 
was  3.5  per  cent. 

Table  VI  gives  the  spectrophotometric  E1  '°m.  values  ob¬ 
tained  for  the  other  oils  studied  in  the  long  series.  On  account 
of  the  space  required,  it  is  not  possible  to  present  the  detailed 
data,  as  in  the  representative  series  of  hahbut  fiver  oil  3898. 
It  is  easy  to  note,  however,  the  excellent  reproducibility  and 
the  total  absence  of  eccentric  values,  although  the  oils  ex¬ 
amined  have  a  wide  range  of  potency. 

Influence  of  Number  of  Determinations  on  Repre¬ 
sentative  Mean  Values.  It  is  obvious  that  all  the 

El^°m  values  for  halibut  fiver  oil  3898,  presented  in  the  last 


Table  VI.  E\%m  Values  of  Fish  Liver  Oils  at  328  mu 

(As  determined  by  the  spectrophotometer) 


50 . 7 

50.5 
51.0 
51.0 
51.0 

49.5 
50.7 

50.7 

49.6 
50.0 
50.0 
51.0 
50.5 
49.0 

49.8 
50.5 
49.0 
49.8 

49.8 

50.8 
49.2 


49.0 

49.0 

48.7 

50.7 

49.6 

48.7 
49.0 
51.0 
51.0 
51.0 
51.0 
51.0 
49.0 
49.0 
51.2 

51.2 

50.2 

51.2 
49.0 
50.0 


Mixed 

Mixed 

(4288) 

(16,319) 

77.6 

78.3 

125 

129 

74.5 

77.6 

130 

129 

75.2 

79.4 

130 

132 

78.4 

78.4 

127 

134 

79.8 

78.4 

127 

129 

82.0 

79.0 

127 

125 

81.0 

79.0 

127 

125 

74.8 

79.7 

129 

132 

79.4 

79.4 

129 

126 

78.0 

79.9 

129 

132 

79.6 

75.4 

126 

132 

79.6 

79.0 

129 

128 

78.9 

79.8 

126 

126 

78.9 

78.3 

129 

128 

80.8 

80.0 

128 

131 

77.6 

81.7 

127 

126 

78.3 

80.0 

131 

127 

75.3 

79.0 

127 

134 

77.6 

79.0 

127 

129 

80.9 

78.3 

131 

127 

75.3 

76.7 

131 

133 

78.2 

79.0 

81.6 

80.7 

Halibut  Mixed 
(18,869)  (16,949) 

39.7 
40.5 

39.8 
40.5 

40.2 

39.2 

40.8 
40.0 
40.0 
40.8 
39.2 
39.2 
40.0 
39.2 
40.0 
39.2 
39.2 


15.0 

14.8 

15.2 

15.4 

15.2 
14.8 
14.8 
15.0 
15.0 

15.3 

15.4 
14.8 
15.0 
14.8 
15.4 

15.3 

15.4 


1.56 

1.56 
1.51 

1.57 

1.54 

1.51 
1.59 
1.59 
1.56 
1.63 
1.63 

1.59 
1.53 
1.56 

1.55 
1.63 

1.56 
1.56 
1.63 
1.63 

1.52 

1.55 
1.58 
1.51 

1.56 

1.60 


Mean  50.12 


78.68 


128.6 


15.05  39.85 


Cod 

‘Nonsap.’ 

(9758) 

(9758) 

1.56 

1.57 

1.34 

1.53 

1.57 

1.31 

1.56 

1.67 

1.32 

1.63 

1.64 

1.31 

1.60 

1.55 

1.29 

1.60 

1.55 

1.31 

1.60 

1.67 

1.28 

1.56 

1.65 

1.37 

1.60 

1.65 

1.37 

1.60 

1.67 

1.35 

1.61 

1.63 

1.37 

1.58 

1.63 

1.35 

1.57 

1.63 

1.37 

1.57 

1.66 

1.41 

1.63 

1.59 

1.41 

1.62 

1.60 

1.41 

1.57 

1.55 

1.41 

1.53 

1.57 

1.40 

1.55 

1  63 

1.41 

1.64 

1.57 

1.26 

1.57 

1.59 

1.28 

1.64 

1  63 

1.28 

1.62 

1.59 

1.58 

1.62 

1.57 

1.59 

1.57 

1.589 

1.346 
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Table  VII.  E\^°  Values  of  Halibut  Liver  Oil  3898 

at  328  m/x 

(Determined  by  the  vitameter) 


•Operator  1 - .  - — - — Operator  2- 


Concentra- 

Vitameter 

Vitameter 

Test 

tion, 

scale  r 

A% 

scale 

El% 

No. 

% 

reading  £ 

'1  cm. 

reading 

cm. 

1 

0.0222 

0.713 

32.1 

0.756 

34.1 

2 

0.0211 

0.690 

32.7 

0.701 

33.2 

3 

0.0189 

0.663 

35.1 

0.672 

35.5 

4 

0.0211 

0.701 

33.2 

0.713 

33.8 

5 

0.0200 

0.634 

31.7 

0.661 

33.1 

6 

0.0222 

0.697 

31.4 

0.677 

30.5 

7 

0.0211 

0.670 

31.8 

0.639 

30.3 

8 

0.0189 

0.591 

31.3 

0.640 

33.9 

9 

0.0189 

0.648 

34.4 

0.659 

34.8 

10 

0.0222 

0.699 

31.4 

0.692 

31.2 

11 

0.0189 

0.590 

31.2 

0.642 

34.0 

12 

0.0211 

0.693 

32.8 

0.670 

31.7 

13 

0.0200 

0.639 

31.9 

0.632 

31.6 

14 

0.0189 

0.591 

31.3 

0.643 

34.0 

15 

0.0222 

0.681 

30.7 

0.677 

30.5 

16 

0 . 0200 

0.600 

30.0 

0.641 

32.0 

17 

0.0222 

0.689 

31.0 

0.690 

31.1 

18 

0.0211 

0.659 

31.2 

0.614 

29.1 

19 

0.0200 

0.641 

32.0 

0.648 

32.4 

20 

0.0189 

0.600 

31.7 

0.610 

32.2 

21 

0.0200 

0.670 

33.5 

0.634 

31.7 

22 

0.0211 

0.670 

31.7 

0.686 

32.4 

Summary  (22) 

:  Mean 

32.00 

32.40 

Maximum  range,  % 

15.0 

19.8 

Maximum  deviation,  % 

8.8 

10.2 

Summary  (44) 

:  Mean 

32.20 

Maximum  range,  % 

19.8 

... 

Maximum  deviation,  % 

10.3 

.  .  . 

column  of  Table  V,  are  in  very  good  agreement.  This  be¬ 
comes  even  more  evident  if  the  series  is  divided  into  smaller 
groups.  By  comparison  of  the  means  of  these  successively 
smaller  groups  with  the  mean  of  the  whole  series,  it  is  possible 
to  ascertain  the  number  of  determinations  necessary  for  a 
satisfactory  representative  mean  E{%m  value  of  the  oil. 

For  example,  if  the  first  20  values  (chronologically  ob¬ 
tained)  are  averaged,  the  mean  is  31.44,  which  is  only  0.06  per 
cent  lower  than  the  mean  of  all  the  values.  The  mean  of  the 
second  half  of  the  series,  21  values,  is  31.49,  but  0.10  per  cent 
above  the  mean  of  all. 

The  means  of  successively  smaller  groups  of  values 

show  slight  though  increasingly  larger  deviations  from  the 
total  mean.  If  six  values  be  taken  in  each  group,  the  maxi¬ 
mum  difference  of  any  mean  from  that  of  the  whole  series  is 
1.46  per  cent.  If  the  mean  of  the  two  values  from  a  single  plate 
be  taken,  the  largest  difference  from  the  total  mean  is  3.05  per 
cent;  the  mean  of  these  per  cent  differences  being  1.33.  This 
demonstrates  that  a  very  satisfactory  representative  E\%m- 
value  for  an  oil  can  be  obtained  from  the  mean  of  but  two 
spectrophotometric  determinations. 

Application  of  Hilger  Vitameter 
to  Fish  Liver  Oils 

In  addition  to  the  study  of  vitamin  A 
by  means  of  the  ultraviolet  spectro¬ 
photometer,  a  similar  investigation  was 
made  with  the  Hilger  vitameter,  an 
instrument  developed  for  the  express 
purpose  of  determining  vitamin  A  in 
fish  liver  oils. 

A  ray  of  ultraviolet  light  from  a  copper 
arc  first  passes  through  a  filter  transmit¬ 
ting  principally  copper  wave  lengths 
3247.55  A.  and  3273.97  A.,  and  then 
through  a  solution  of  fish  hver  oil  in 
isopropyl  alcohol.  The  ray  impinges  on  a 
fluorescent  screen  as  a  line  of  hght  ap¬ 
proximately  1  cm.  in  length.  The  in¬ 
tensity  of  this  line  is  compared  visually 
with  the  intensity  of  a  similar  line  from  a 
corresponding  ray  which  does  not  pass 


through  the  solution.  From  the  scale  reading,  cahbrated  as  the 
log Io/I,  the  value  of  the  sample  can  be  calculated. 

\Ttameter  Series.  Using  this  instrument,  several  series 
of  determinations  were  made  on  fish  hver  oil  samples  corre¬ 
sponding  to  those  run  on  the  spectrophotometer  (Table  V)  for 
oil  3898.  Table  VII  contains  the  results  obtained  with  the 
vitameter  on  this  same  oil.  These  include  the  test  number; 
the  per  cent  concentration;  the  scale  reading,  representing 
the  average  of  10  observations  on  each  dilution,  made 
by  two  operators;  and  the  calculated  E\%m  value  for 
each  series  of  22  tests.  (The  authors  gratefully  acknowl¬ 
edge  the  assistance  of  Cyrill  J.  Campbell  for  his  cooperation 
in  the  vitameter  determinations.) 

The  means  of  the  E{%m  values  by  the  two  operators, 
working  independently  and  on  unknown  concentrations,  are 
not  significantly  different.  The  mean  E\^m  values  by 
operators  1  and  2  are  32.00  and  32.40,  respectively,  with  a 
difference  of  only  0.40  or  1.2  per  cent  of  the  mean. 

Influence  of  Number  of  Determinations  on  Accuracy 
of  Vitameter  Means.  Table  VIII  shows  the  accuracy 
of  vitameter  results  obtained  for  six  fish  oils  when  the  values 
from  differing  numbers  of  independent  runs  were  averaged  to 
give  an  E\\a-  value  for  an  oil.  The  last  column  gives  the 
E\%m.  value  obtained  by  a  single  determination  on  each  oil. 
In  parentheses,  the  percentage  differences  between  these  single 
values  and  the  means  of  18  determinations  are  given.  The 
other  columns  contain  similar  data  for  the  means  of  larger 
numbers  of  determinations. 

The  mean  of  a  number  of  runs  becomes,  in  general,  more 
nearly  that  of  the  mean  of  18  as  the  number  increases.  This 
is  best  illustrated  by  the  means  of  the  per  cent  differences  (at 
the  bottom  of  the  table).  These  values  decrease  from  5.37,  in 
the  case  of  the  single  determinations,  to  0.69  in  the  case  of  nine 
determinations.  The  maximum  per  cent  differences  decrease 
in  the  same  fashion— from  11.50  to  1.11. 

The  maximum  per  cent  difference  for  six  determinations  is 
1.79.  This  value,  being  within  experimental  error,  establishes 
this  number  (6)  as  the  minimum  number  of  tests  for  routine 
laboratory  practice. 

Method  Adopted.  In  the  light  of  observation  the  follow¬ 
ing  procedure  has  been  used  in  routine  analysis. 

Duplicate  samples  (0.20  to  0.25  gram)  of  a  fish  oil  are  weighed 
on  the  analytical  balance  into  50-ml.  flasks.  To  each  is  added 
from  a  buret  a  volume  in  milliliters  of  isopropyl  alcohol  equal 
to  100  times  the  weight  of  sample  in  grams.  This  makes  a 


Table  VIII.  Influence  of  Number  of  Determinations  on  Accuracy 

of  Vitameter  Means 

. - Number  of  Determinations - - - - - 


18 

9 

6 

3 

2 

1 

Type  of  Fish  Liver  Oil 

1%  VolllAQ 

1  cm.  vaiues 

Halibut  (3898) 

31.96 

32.63 

32.70 

33.30 

32.40 

32.1 

(+0.67) 

(  +  0.74) 

(  +  1.34) 

(+0.44) 

(+0.14) 

Mixture  (25,679) 

23.50 

23.34 

23.38 

23.93 

25.40 

26.2 

(-0.68) 

(-0.51) 

(  +  1.83) 

(+8.10) 

(  +  1150) 

Halibut  (25,379) 

30.71 

31.05 

31.10 

29.23 

29.25 

28.8 

.  .  . 

(  +  1.11) 

(  +  1.27) 

(-4.82) 

(-4.76) 

(-6.23) 

Halibut  (25,349) 

33.14 

33.15 

32.58 

33.07 

32.10 

32.3 

(+0.03) 

(-1.79) 

(-0.21) 

(-3.14) 

(-2.54) 

Distillate  (25,709) 

120.4 

121.4 

119.2 

127.0 

123.5 

131.0 

(+0.83) 

(-1.00) 

(  +  5.31) 

(  +  2.58) 

(+8.81) 

Tuna  concentrate  (25,819) 

146.4 

147.6 

147.7 

147.3 

143.5 

142.0 

(  +  0.82) 

(  +  0.89) 

(  +  0.62) 

(-1.98) 

(-3.01) 

Average  of  per  cent  differ- 

ences 

0.69 

1.03 

2.35 

3.50 

5.37 

Maximum  per  cent  differ- 

ence 

... 

1.11 

1.79 

5.31 

8.10 

11.50 
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'  weight-volume  concentration  of  1.00  per  cent.  Further  pre¬ 
liminary  dilutions  are  made  with  calibrated  pipets  and  small 
volumetric  flasks  until  the  concentration  necessary  to  give  a 
vitameter  scale  reading  extinction  between  0.50  and  0.75  has 

been  established.  ,  ,  ,  , 

Three  suitable  dilutions  are  then  prepared  for  each  sample. 
The  mean  of  ten  independent  scale  readings  is  taken  as  the  vi¬ 
tameter  extinction  value  for  each  dilution.  Six  values  are 

calculated  by  dividing  the  vitameter  extinction  values  by  the 
per  cent  concentrations  of  the  corresponding  solutions.  The 
mean  of  all  six  E\%m  values  thus  obtained  gives  a  satisfactory 

determination  of  the  vitamin  A  content  of  the  oil. 

The  nonsaponifiable  matter  was  prepared  according  to  the  pro¬ 
cedure  given  by  Morton  (4). 

Comparison  of  Methods 

Comparison  of  Spectrophotometer  and  Vitameter 
Values.  Thus  far  the  work  has  dealt  extensively 
with  fundamental  factors  in  the  determination  of  vitamin  A 
by  means  of  the  spectrophotometer  and  the  vitameter.  The 
degree  of  precision  and  reproducibihty  of  both  methods  has 
been  demonstrated  in  the  series  of  41  and  44  E{%m  values, 
respectively,  with  spectrophotometer  and  vitameter,  on 
halibut  liver  oil  3898  (Tables  V  and  VII). 

Because  of  the  space  required,  it  is  impossible  to  present  the 
detailed  data  for  each  oil  studied  in  the  several  series.  In 
Table  IX,  however,  the  summary  data  for  both  methods  are 
presented.  This  includes  the  number  of  tests,  the  maximum 
range,  the  maximum  deviation,  the  mean  E\^°m.  value  for 
each  sample,  and  in  the  last  column  the  ratio  of  the  vitameter 
to  spectrophotometer  mean. 

It  is  evident,  from  the  maximum  range  and  maximum  de¬ 
viation  data,  that  the  vitameter  is  much  less  precise  in  its  op¬ 
eration  than  is  the  spectrophotometer.  Including  the  values 
for  the  cod  liver  oil  and  its  unsaponifiable  fraction,  the  aver¬ 
age  maximum  range  for  the  vitameter  is  about  two  and  one 
half  times  that  of  the  spectrophotometer.  Despite  these  wider 
ranges,  the  mean  E\°^m_  values  by  the  tw7o  instruments  on 
these  long  series  are  in  good  agreement,  showing  that  a  suffi¬ 
cient  number  of  values  have  been  obtained  to  approximate  a 
normal  distribution.  The  two  instruments  must  be  meas¬ 
uring,  therefore,  the  same  significant  characteristic  of  the 
oils. 


Table  X.  Comparative  E\  Values  of  Fish  Liver  Oils  at 

328  mu 


(Determined  by 


Fish  Oil  No. 


the  spectrophotometer  and  vitameter) 

EVcm.  at  328 

Spectro¬ 
photometer  Vitameter 


Ratio, 

V/S 


30,839 

10,358 

10,358  1 

13,448 

36,470 

13,248 


nonsap. 


nonsap. 


32,539 

32,549 

32,469 

32,509 

32,419 

32,489 

32,499 

32,519 

32,479 

32,369 

32,459 

32,379 

32,529 

32,389 

32,439 

32,409 

32,399 

32,589 

32,449 

32,429 

32,559 

32,579 

32,599 

2,668 

3,258 

3,658 

2,978 

32,569 

15,768 


17,789 

17,779 

13,108 

11.598 

31.599 
13,438 
14,748 
17,849 


8,008 

8,548 

8,558 

8,048 


Cod  Liver  Oils 

0.909 

0.884 

1.29 

1.34 

1.25 

1.28 

1.41 

1.41 

1.40 

1.46 

1.44 

.  1.40 

Halibut  Liver  Oils 


13.4 

13.7 

14.6 

15.2 

16.6 

16.2 

16.7 

17.1 

16.8 

17.2 

17.3 

17.3 

18.8 

18.5 

18.8 

18.8 

19.0 

19.6 

19.3 

18.9 

19.5 

19.4 

20.3 

20  9 

20.6 

20.0 

21.4 

21.4 

21.9 

22.0 

22.4 

22.7 

23.1 

23.9 

25 . 5 

25.2 

25.8 

25.4 

25.9 

25.8 

28.8 

29.7 

29.2 

29.4 

29.3 

30.3 

31.0 

32.6 

31.3 

32.2 

31.6 

31.7 

31 .8 

33.4 

32.5 

32.3 

36.8 

38.5 

,iver  Oil  Mixtures 

1 .65 

1.74 

7.70 

7.78 

22.6 

23.1 

23.1 

24.2 

29.3 

27.1 

35.4 

33  9 

51.0 

50.8 

69.0 

67.8 

Hickman  Distillates 

3.57  3.60 

25.9  25.0 

28.1  27.6 

131.5  133.4 


0.973 

1.039 

1.024 

1.000 

1.043 

0.972 


1.022 
1.041 
0.976 
1.024 
1.024 
1.000 
0.984 
1.000 
1.031 
0.979 
0.995 
1.030 
0.971 
1.000 
1.004 
1.013 
1 .035 
0.988 
0.985 
0.996 
1.031 
1.007 
1.034 
1.051 
1.027 
1.003 
1.050 
0.994 
1.046 


1.055 

1.010 

1.022 

1.048 

0.925 

0.958 

0.996 

0.983 


1.009 

0.965 

0.982 

1.014 


Table  IX.  Summary  E\°^m  Values  of  Fish  Liver  Oils  at 

328  m m 


(Determined 

Type  of  Fish  Liver  Oil 

by  the  spectrophotometer  and  vitameter) 

Maxi- 

Maxi-  mum  E^0 

Number  mum  Devia-  1  cm. 

of  Range,  tion,  Mean  Ratio, 

Tests  %  %  values  V/Sa 

Halibut  (3898) 

(S)°  41 
(V)  44 

7.0 

19.8 

3.5 

10.3 

31.46 

32.20 

1.023 

Halibut  (16,519) 

(S)  41 

(7)  40 

5.0 

22.2 

2.8 

12.0 

50.12 

50.39 

1.005 

Mixed  (4288) 

(5)  46 

(V)  46 

8.9 

17.8 

5.1 

9.0 

78.68 

79.82 

1.014 

Mixed  (16,319) 

(S)  42 

(7)  40 

7.0 

21.0 

4.2 

11.0 

128.6 

132.6 

1.031 

Halibut  (18,869) 

(S)  17 

(7)  30 

4.0 

18.5 

2.3 

10.6 

15.05 

15.12 

1.005 

Mixed  (16,949) 

(5)  17 

(7)  30 

4.0 

21.2 

2.0 

13.8 

39.85 

40.07 

1.005 

Cod  (9758) 

(5)  77 

(7)  110 

10.0 

18.0 

5.0 

10.4 

1.589 

1.444 

0.909 

Cod  "nonsap.”  (9758) 

(S)  22 

(7)  62 

11.2 

16.9 

6.7 

8.8 

1.346 

1.369 

1.017 

Av.  (8) 

(S) 

(V) 

7.1 

19.4 

3.9 

10.7 

°  S,  Spectrophotometric  £ 

values. 

7,  Vitameter  e\ 

values. 

Comparison  of  Routine  Spectrophotometer  and 
Vitameter  E\°^m_  Values.  In  Table  X  are  included  spec- 
trophotometric  and  vitameter  E\^m_  values  determined  in 
routine  laboratory  practice.  These  data  demonstrate  that 
reliable  E\7°m  values  can  be  obtained  by  making  a  minimum 
number  of  runs  on  each  instrument.  The  corresponding 
values  are  in  close  agreement  throughout,  as  is  shown  by  the 
ratio  values  in  the  column  at  the  right.  This  again  empha¬ 
sizes  the  fact  that  the  two  instruments  are  capable  of  measur¬ 
ing  the  same  characteristic  of  the  fish  fiver  oils,  irrespective 

of  their  potencies  or  type.  _  . 

Conversion  Factor.  All  seven  oils  studied  in  the  long 
series  on  both  spectrophotometer  and  vitameter  were  sub¬ 
jected  to  bioassay  according  to  the  U.  S.  P.  procedure  (9). 
Table  XI  gives  these  data  as  U.  S.  P.  units  per  gram,  and  also 
the  E{%m  values  at  328  m m  for  both  instruments.  From  these 
values  one  can  calculate  the  so-called  conversion  factors  for 
the  different  oils.  In  the  main  these  data  show  a  remarkable 
agreement.  One  oil  (No.  16,519)  is  16  per  cent  lower  than  the 
mean  from  the  spectrophotometer  data  and  15  per  cent  lover 
than  the  mean  from  vitameter  data.  Taking  oils  from  the 
spectrophotometer,  the  mean  conversion  factor  is  2152,  ^but 
3  per  cent  different  from  the  factor  calculated  from  the  Ex  0°m_ 
value  of  the  unsaponifiable  fraction  of  the  U.  S.  P.  reference 
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Table  XI.  Correlation  of  E\°^m  at  328  with  Biological 
Potencies  of  Fish  Liver  Oils 


Type  of  Fish  Liver  Oil 


Halibut  (3898) 
Halibut  (16,519) 
Mixed  (4288) 

Mixed  (16,319) 
Halibut  (18,869) 
Mixed  (16,949) 

Cod  “nonsap.”  (9758) 


Bioassay 

value 

V.  S.  P. 
units/ g 


Value  at  328  m/i 

1  cm. 

Spectro¬ 
photometer  Vitameter 


Calculated 
Conversion 
Factor 
Spectro¬ 
photometer  Vitameter 


65,000 

31.46 

32.20 

2066 

2019 

90,500 

50.12 

50.39 

1806 

1796 

185,300 

78.68 

79.85 

2355 

2321 

295,100 

128 . 60 

132.60 

2295 

2225 

31,900 

15.05 

15.12 

2120 

2110 

87,800 

39.85 

40.07 

2203 

2191 

3,000 

1.35 

1.37 

2222 

2190 

Mean  value 

2152 

2122 

oil,  2222.  For  the  vitameter,  the  mean  conversion  factor  is 
2122,  also  but  3  per  cent  different  from  that  derived  from  the 
unsaponifiable  fraction  of  the  reference  liver  oil,  2190.  The 
average  of  the  mean  conversion  factors  in  Table  XI,  2137,  is 
in  close  agreement  with  that  obtained  from  routine  bioassay 
and  spectrophotometric  results  on  fish  fiver  oils  during  the 
past  several  years.  It  is  also  very  close  to  Barthen’s  factor 
2064  referred  to  by  Wilkie  (10). 

It  is  thus  apparent  that  it  is  possible,  under  the  conditions  of 
technique  as  carried  out  (1)  to  obtain  a  quantitative  evalua¬ 
tion  of  vitamin  A  by  measuring  the  extinction  coefficient  at 
328  mp;  and  (2)  by  applying  a  conversion  factor  such  as  2137, 
to  express  the  potency  in  U.  S.  P.  or  International  units  per 
gram. 

Discussion  and  Summary 


By  observing  these  essential  factors,  a  long 
series  of  tests  was  made  on  each  of  seven  fish 
fiver  oils  having  a  wide  range  in  vitamin  A 
potency.  Analysis  of  the  spectrophotometric 
data  shows  that  the  mean  of  as  few  as  two  deter¬ 
minations  gave  a  satisfactory  result  (±2  per 
cent) . 

In  the  study  with  the  vitameter,  reproduci¬ 
bility  was  determined  by  making  a  series  of  tests 
on  the  same  fish  fiver  oils  mentioned  in  connec¬ 
tion  with  the  spectrophotometer.  Analysis  of 
the  data  established  that  a  satisfactory  E\%m 
value  can  be  obtained  from  a  minimum  number 
of  six  tests.  The  vitameter  mean  E\^m-  values 
on  the  long  series  were  in  close  agreement  with 
those  of  the  spectrophotometer. 

By  correlating  the  spectrophotometer  and  vitameter  data 
with  those  from  the  biological  procedure,  conversion  factors 
have  been  calculated.  The  several  values  are  in  good  agree¬ 
ment,  the  mean  value  being,  in  this  instance,  2137.  This  is, 
therefore,  a  close  approximation  between  the  potency  of  a 
fish  liver  oil  in  U.  S.  P.  units  per  gram  and  the  spectrophoto¬ 
metric  E\%m  value. 

Conclusion 

The  E{%m.  value  can  be  accurately  determined  spectro- 
photometrically  under  a  carefully  controlled  procedure.  It 
is  therefore  possible,  by  employing  the  proper  conversion 
factor,  to  evaluate  satisfactorily  the  vitamin  A  potency  of 
fish  fiver  oils  in  units  per  gram. 


In  this  critical  study  of  the  applicability  of  the  spectro¬ 
photometric  method  to  the  determination  of  vitamin  A  in  fish 
fiver  oils,  the  characteristics  of  the  operative  procedures  have 
been  carefully  investigated  with  respect  to  the  Bausch  & 
Lomb  spectrophotometer  and  the  more  specialized  instru¬ 
ment,  the  Hilger  vitameter.  By  means  of  an  elaborate  series 
of  determinations  on  several  oils,  reproducibility  has  been 
demonstrated  with  both,  and  a  comparison  of  the  results 
shows  good  agreement. 

The  investigation  has  established  the  following  funda¬ 
mentals  with  respect  to  the  spectrophotometric  technique: 

Since  vitamin  A  in  solution  may  lose  considerable  of  its  ab¬ 
sorptive  power  after  a  time,  the  test  reading  should  preferably 
be  made  within  an  hour  after  preparation  of  the  solution. 

The  vitamin  is  equally  absorptive  in  isopropyl  and  absolute 
ethyl  alcohols. 

The  cells  should  be  carefully  paired  and  their  surfaces  kept 
scrupulously  clean.  Especial  care  should  be  taken  that  no  oil 
residues  remain  on  the  cell  surfaces.  The  E\%m  values  of  a  fish 
liver  oil  determined  through  a  range  of  50  times  difference  in 
concentration  were  found  to  be  in  agreement,  showing  that  Beer’s 
law  holds. 

This  is  also  true  when  one  concentration  is  examined  in  cells  of 
different  length,  showing  that  Lambert’s  law  holds  within  the  ex¬ 
perimental  error  of  the  method. 

If  a  condensed  spark  is  used  as  source  of  light,  its  position  with 
respect  to  the  optical  axis  of  the  system  must  be  maintained  with 
the  highest  degree  of  precision.  This  is  ordinarily  very  difficult 
to  accomplish  since  erosion  of  the  electrodes  is  unavoidable  during 
the  course  of  sparking.  On  the  other  hand,  if  a  Hilger  hydrogen 
tube  is  employed,  its  constancy  is  definite  with  respect  to  the 
optical  axis,  and  one  is  able  to  obtain  satisfactory  results  in  re¬ 
gard  to  reproducibility  and  applicability  to  routine  assays. 

For  visual  comparison,  optimum  results  are  obtained  if  the 
photographic  emulsion  has  been  processed  to  a  density  of  0.6. 

A  few  substances  may  interfere  with  the  determination  of  vita¬ 
min  A  in  fish  liver  oils.  Among  these  the  most  important  are: 
(a)  the  unsaturated  long-chain  fatty  acids  (particularly  in  low 
potency  oils)  and  (6)  the  metallic  salts  such  as  copper  oleate  and 
ferric  oleate,  both  of  which  can  be  detected  analytically  if  present 
in  amounts  having  significant  absorption. 
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Temperature  Correction  in  Formula 
for  Viscosity  of  Latex 

In  the  authors’  paper  entitled  “Examination  of  Rubber  Latex 
and  Rubber  Latex  Compounds.  I.  Physical  Testing  Methods” 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  9,  182-9  (1937)],  Formulas  7 
and  8  on  page  188  should  read 

7725  =  y[l  -  0.02  (25  -  T)]  (7) 

■n' 26  =  v'H  -  0.02  (25  -  T)]  (8) 

These  corrected  formulas  agree  with  the  Crude  Rubber  Com¬ 
mittee  “Tentative  Procedures  for  Testing  the  Variability  of 
Normal  and  Concentrated  Latex”  [Ind.  Eng.  Chem.,  Anal. 
Ed.,  11,  593  (1939)]. 

The  authors’  attention  has  been  drawn  to  this  error  in  a  private 
communication  from  W.  S.  Davey  of  the  Rubber  Research  Insti¬ 
tute  of  Malaya. 

H.  F.  Jordan,  P.  D.  Brass,  and  C.  P.  Roe 


Spectrographic  Characteristics  of  Vitamin  A 

Materials 

RONALD  L.  McFARLAN,  PHILIP  K.  RATES,  and  EDWARD  C.  MERRILL 
United  Drug  Company,  Roston,  Mass. 


SPECTROGRAPHIC  methods  have  long  been  used  for 
the  quantitative  estimation  of  vitamin  A  potencies. 
Although  the  fundamental  soundness  of  the  method  is  well 
established,  it  has  been  difficult  to  obtain  uniform  interpreta¬ 
tion  of  results  when  samples  are  evaluated  in  a  large  group  of 
laboratories,  using  either  a  spectrograph  or  some  one  of  the 
specialized  devices  employing  the  spectrographic  principle. 
This  paper  reports  some  of  the  results  of  a  recent  study  of 
the  ultraviolet  absorption  of  vitamin  A  with  apparatus  that 
permits  an  accuracy  of  detail  not  usually  reported. 

Procedure  and  Sources  of  Error 

All  spectra  used  in  the  present  experiments  were  obtained  with 
a  Littrow  spectrograph  havingoa  linear  dispersion  of  approxi¬ 
mately  5  A.  per  mm.  at  3280  A.  A  Hilger  Spekker  ultraviolet 
photometer  was  mounted  in  front  of  the  spectrograph,  and  Huger 
type  J  absorption  cells  for  liquids— 1  cm.  in  thickness— were 
mounted  in  the  photometer.  A  condensed  spark  between 
tungsten  steel  electrodes  was  used  as  a  light  source.  In  order  to 
facilitate  the  accurate  alignment  of  the  electrodes,  they  were 
mounted  on  a  de  Gramont  sparking  stand  instead  of  the  usual 
holder  supplied  with  Hilger  Spekker  photometer.  Inaccurate 
alignment  of  the  electrodes  was  found  to  introduce  an  error  in 
the  drum  reading  of  the  Spekker  photometer.  Eastman  type 
IV-0  plates  were  used,  with  exposure  times  varying  from  5  to  40 
seconds,  depending  on  the  concentration  and  also  the  portion  oi 
the  absorption  curve  under  investigation.  All  plates  were 
brushed  during  development.  .  .. 

Line  intensities  were  read  by  means  of  a  Zeiss  spectrum  line 
photometer,  and  tests  made  on  the  reproducibility  of  intensity 
readings  from  a  single  line  indicated  that  negligible  error  was  in¬ 
troduced  into  the  results  by  the  microphotometer.  The  zero  error 
in  the  drum  reading  of  the  Spekker  photometer  was  separately 
measured  for  each  plate,  and  this  error  applied  to  the  match-point 
determinations.  All  match  points  were  determined  by  the  spec¬ 
trum  line  photometer  by  interpolating  between  the  nearest  micro¬ 
photometer  readings  on  either  side  of  the  match  point.  Over  the 
short  range  of  line  densities  involved  near  the  match  point  the 
characteristic  curve  of  the  plate  was  assumed  to  be  linear,  ihe 
principal  source  of  error  in  determining  the  match  point  is  prob¬ 
ably  small  variations  in  the  sensitivity  of  the  plate  from  one  part 
of  the  plate  to  another.  . 

All  samples  were  prepared  using  isopropyl  alcohol  as  a  solvent, 
since  little  difference  was  found  in  curve  shapes  or  peak  positions 
using  cyclohexane  or  isopropyl  alcohol  as  solvents.  The  appara¬ 
tus  and  procedure  were  checked  by  measuring  the  potassium 
chromate  absorption  curve  over  the  range  2900  to  3500  A.  The 
curve  obtained  agreed  with  the  expected  values  within  the  limits 
of  experimental  error  (5).  Comparative  absorption  spectra  taken 
on  a  Hilger  E-l  spectrograph  ( in  another  laboratory)  were  found 
to  yield  identical  curves  to  those  taken  on  the  above  apparatus 
within  experimental  error. 

U.  S.  P.  Reference  Cod  Liver  Oil 

Measurements  were  made  on  a  sample  of  U.  S.  P.  reference 
cod  liver  oil  during  the  period  of  4  to  6  months  after  distribu¬ 
tion.  The  absorption  curves  obtained  are  shown  in  Figure  1. 

Two  sets  of  maxima  are  observed  for  the  whole  oil  curves, 
the  intensities  of  which  change  with  increasing  age  of  the  oil. 
There  is  gradual  decrease  in  the  absorption  at  both  peaks,  the 
absorption  of  the  main  peak  decreasing  with  increasing  age 
more  rapidly  than  the  absorption  of  the  secondary  peak.  The 
maximum  of  the  principal  absorption  band  lies  somewhat  on 
the  short  wave-length  side  of  3200  A.,  while  maximum  of  the 
unsaponified  fraction  lies  in  the  wave-length  range  3225  to 
3275  A.  The  extinction  coefficients,  E\%m,  are  lower  than 
would  be  expected  for  a  fresh  U.  S.  P.  reference  cod  liver  oil 


(2,  4).  Extraneous  absorption  occurs  throughout  the  entire 

range  of  the  absorption  band. 

In  Figure  2  are  shown  the  whole  -oil  and  unsaponihable 
fraction  curves  of  a  sample  of  U.  S.  P.  reference  cod  li\er  oil 
within  one  month  of  the  distribution  date.  The  dip  occurring 
at  the  maximum  of  the  principal  absorption  band  of  the  whole 
oil  curve  appears  to  exceed  experimental  error,  and  has  been 
observed  in  fish  liver  oils  before  (I).  Also,  a  double  secondary 
absorption  peak  occurs  in  the  neighborhood  of  2800,  and  was 
found  on  all  four  curves  of  which  the  curve  in  Figure  2  is  the 
average.  The  maximum  of  the  unsaponified  fraction  of  the 
reference  oil  is  very  flat  over  the  wave-length  range  3225  to 
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Figure  2 

3275  A.  Over  this  range  the  extinction  coefficient,  for 

the  unsaponifiable  fraction  is  found  to  he  between  1.38  and 
1.39,  in  good  agreement  with  the  currently  accepted  value 
(1,  3,  6). 

Miscellaneous  Vitamin  A  Materials 

In  Figure  3  is  shown  the  absorption  curve  of  a  commercial 
cod  liver  oil  concentrate,  which  was  manufactured  by  a 
saponification  process.  The  principal  absorption  band  is 
similar  to  that  of  the  unsaponifiable  fraction  of  the  U.  S.  P. 
reference  oil  shown  in  Figure  2.o  The  presence  of  the  first  of 
the  double  peaks  around  2800  A.  may  indicate  either  incom¬ 
plete  saponification  or  the  presence  of  cod  fiver  oil  used  for 
dilution  to  potency.  Measurements  taken  on  a  sample  of 
commercial  Norwegian  cod  fiver  oil  show  the  general  char¬ 
acteristics  of  the  reference  oil  curve  in  Figure  2,  including  the 
double  peak  around  2800  A. 
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Figure  3 

In  Figure  4  is  shown  the  absorption  curve  of  distilled 
vitamin  A  esters.  Within  experimental  error  the  shape  of 
this  curve  is  similar  to  that  of  the  unsaponifiable  fraction  of 
the  U.  S.  P.  reference  oil  shown  in  Figure  2.  The  saponifica¬ 
tion  of  the  distilled  vitamin  A  esters  yielded  the  same  absorp¬ 
tion  coefficients  at  various  wave  lengths  as  the  original  dis¬ 
tilled  esters.  Some  of  the  values  obtained  are  shown  in 
Table  I. 

Beer’s  Law  at  Various  Wave  Lengths 

In  order  to  test  the  validity  of  Beer’s  law  for  various  wave 
lengths  of  the  absorption  band,  absorption  measurements  at 


four  different  concentrations  were  made  on  a  fresh  sample  of 
the  U.  S.  P.  reference  cod  fiver  oil.  Table  II  shows  the 
values  of  E\°^m  at  several  different  wave  lengths  obtained  at 
these  concentrations. 

Within  the  limits  of  experimental  error  E\^°m_  appears 
constant  and  independent  of  concentration  at  each  of  the 
several  wave  lengths  fisted.  Accordingly,  Beer’s  law  appears 
valid  over  the  wave-length  range  3100  to  3500  A.  The 
average  E\°^m  at  3276  A.  is  close  to  the  accepted  value  of  1.70 
for  the  whole  oil.  The  absence  of  several  values  for  Ci — be¬ 
cause  the  match-point  values  of  log  A0/A  fie  outside  the  range 
covered  in  the  plate — appears  not  to  affect  the  average,  since 
the  values  of  E\  *frru  obtained  at  concentration  Ci  fie  very  close 
to  the  average  values  for  the  various  wave  lengths. 
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The  results  obtained  from  measurements  made  on  the  un¬ 
saponifiable  fraction  of  the  fresh  reference  oil  are  given  in 
Table  III.  In  this  series  of  experiments  a  single  unsaponifi¬ 
able  fraction  was  obtained,  and  the  concentrations  were  made 
by  dilution  of  the  original  unsaponifiable  fraction.  About  30 
minutes  were  required  to  expose  completely  a  single  plate 
during  which  time  the  solution  containing  the  unsaponifiable 
fraction  was  left  standing  on  the  laboratory  bench.  The  slow 
but  consistent  falling  off  in  the  absorption  at  the  various  wave 
lengths  seems  to  indicate  a  deterioration  of  the  vitamin  con- 


Table  I.  Absorption  Coefficients  of  Alcohol  and 
Ester  Forms  of  Distilled  Vitamin  A  Esters 


T  Ao 

— Logz 

4-  Concentration - . 

Wave  Length 

Alcohol 

Ester 

A. 

3475 

46.7 

51.3 

3409 

67.5 

69.4 

3343 

79.8 

82.6 

3276 

92.1 

90.6 

3258 

96.7 

91.1 

3132 

86.5 

82.7 

Table  II.  Beer’s  Law  at  Various  Wave  Lengths,  U.  S.  P. 
Reference  Cod  Liver  Oil 


E1% 

Wave 

Length 

Cl 

C2 

^1  cm. 

C3 

C4 

Av. 

A. 

3475 

1.05 

0.95 

1.12 

1.09 

1.05 

3409 

1.31 

1.21 

1.37 

1.35 

1.31 

3343 

1.51 

1.40 

1.53 

1.56 

1.50 

3276 

1.56 

1.70 

1.79 

1.68 

3258 

1.57 

1.73 

1.82 

1.71 

3132 

•  ' 

1.51 

1.66 

1.79 

1.65 
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T  \ble  III.  Beer’s  Law  at  Various  Wave  Lengths,  Unsaponi- 
fiable  Fraction  of  U.  S.  P.  Reference  Cod  Liver  Oil 


Wave 

1  cm. 

C4 

Av. 

Length 

Cl 

C2 

C3 

A. 

3475 

3409 

3343 

3276 

3258 

3132 

0.86 

1.12 

1.29 

1.46 

1.47 
1.28 

0.84 

1.07 

1.23 

1.40 

1.41 
1.26 

0.78 

0.99 

1.16 

1.34 

1.34 

1.24 

0.74 

0.94 

1.13 

1.30 

1.28 

1.17 

0.80 

1.03 

1.20 

1.38 

1.38 

1.24 

Care  must  be  exercised  in  using  the  spectrographic  method 
to  evaluate  commercial  cod  liver  oils  and  concentrates,  be¬ 
cause  of  the  variability  of  the  extraneous  absorption. 

The  distilled  vitamin  A  esters  show  negligible  change  in 
their  absorption  properties  upon  saponification. 

Within  experimental  error  the  absorption  curve  shapes,  of 
the  distilled  vitamin  A  esters  and  the  unsaponifiable  fraction 
of  the  fresh  U.  S.  P.  reference  oil  are  identical. 

Beer’s  law  appears  to  hold  over  the  wave-length  range 
3100  to  3500  A.  of  the  vitamin  A  absorption  curve. 
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centration  on  standing  for  a  few  hours.  The  close  agreement 
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standing,  it  would  appear  that  Beer’s  law  holds  for  various 
wave  lengths  over  the  range  measured. 

Conclusions 

There  appears  to  be  a  continuous  change  in  absorption  of 
the  U.  S.  P.  reference  cod  liver  oil  with  use  in  the  laboratory 
over  an  extended  period  of  time,  and  as  a  standard  for  spectro¬ 
graphic  measurements  more  rigid  limitations  are  necessary 
than  are  now  in  use  for  biological  assay. 

Fresh  U.  S.  P.  reference  cod  fiver  oil  gives  good  agreement 
with  the  absorption  values  published  by  other  experimenter?. 
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The  Measurement  of  Gloss 

L.  A.  WETLAUFER  and  W.  E.  SCOTT 
E.  I.  du  Pont  de  Nemours  &  Co.,  Philadelphia,  Penna. 


GLOSS  is  a  major  component  of  the  general  appearance 
of  an  organic  coating  and  often  has  direct  bearing 
upon  the  serviceability  of  the  film.  Since  visual  observa¬ 
tion  of  this  property  does  not  provide  an  adequate  means  oi 
recording  exact  reflection  characteristics  and,  therefore,  fur¬ 
nishes  but  a  meager  basis  for  comparing  gloss  observations 
which  are  made  at  different  periods,  and  since  product  stand¬ 
ards,  both  wet  and  dry,  may  drift  toward  either  higher  01 
lower  gloss  on  aging,  an  accurate  method  of  measurement  is 
important. 

No  method  for  the  measurement  of  this  property  appears 
to  be  in  general  use  It  is  believed  that  insufficient  attention 
to  two  important  factors  is  largely  responsible  for  the  lack  of 
instrumental  application.  First,  and  highly  important,  is 
the  matter  of  eliminating  extraneous  factors,  such  as  macro¬ 
scopic  texture,  permitting  thereby  a  measurement  of  g  oss 
per  se.  It  must  be  recognized  that  any  factors  affecting  ap¬ 
pearance  which  are  not  inherent  in  the  paint  itself  as  manu¬ 
factured  and  before  it  is  laid  down  as  a  paint  film  for  ex¬ 
ample,  factors  which  are  introduced  by  the  method  of  ap¬ 
plication-must  be  eliminated  or  controlled  if  one  wishes  to 
ensure  the  uniformity  of  the  product  by  physical  testing. 
Secondly,  instruments  which  have  been  offered  commercially 
have,  in  the  opinion  of  the  authors,  not  provided  the  neces¬ 
sary'  flexibility  to  enable  satisfactory  measuring  of  both  high 
and  low  gloss  or  have  been  lacking  in  the  precision  required 
for  adequate  correlation  with  visual  observations. 

Since  the  ultimate  goal  of  the  work  herein  described  was  to 


provide  a  simple  and  yet  sufficiently'  accurate  method  for 
wrriting  correct  specifications  and  finally  to  establish  a  method 
wdiich  could  be  applied  practically  to  the  manufacturing 
operation,  it  seemed  obvious  that  the  conditions  necessary 
for  attainment  of  this  goal  could  best  be  established  through  a 
fundamental  study  of  the  reflection  characteristics  of  all 
types  of  surfaces  common  to  the  coating  industry. 

The  measurement  of  the  spatial  distribution  of  fight  re¬ 
flected  from  a  surface  under  given  illumination,  is  known  as 
goniophotometry.  In  practice,  the  reflection  distribution  is 
determined  for  a  given  angle  of  illumination  in  a  plane  normal 
to  the  surface.  From  such  data  it  is  then  possible  to  select 
the  angles  of  illumination  and  viewing,  or  possibly  the  one 
angle  sufficient  for  the  control  of  a  given  product,  no  matter 

where  it  falls  in  the  gloss  range.  . 

Having  thus  explored  the  gloss  range  and  having  provided 
means  for  preparing  films  free  from  extraneous  influences,  it 
should  be  possible  to  indicate  a  suitable  method  for  routine 

Several  investigators,  notably  Jones  (6),  Judd  and  Hunter 
(4,  5),  and  Hanstock  (S),  have  made  goniophotometnc  in¬ 
vestigations  of  various  surfaces,  but  there  is  no  suitable  in¬ 
strument  commercially  available  nor  has  there  been  pub¬ 
lished  what  appears  to  be  a  sound  basis  for  the  development 
of  a  satisfactory  method  for  routine  control  work. 

This  paper  describes  the  work  leading  up  to  the  final  stage— 
namely,  that  of  designing  as  simple  an  instrument  as  possible 
commensurate  with  the  indicated  requirements  in  precision. 
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Definitions  and  Method 

The  following  fundamental  terms  used  in  the  discussion 
are  defined  following  Jones  (6)  and  Hunter  and  Judd  (5) : 

Gloss  is  the  property  of  a  surface  by  which  it  reflects  light 
specularly. 

Glossiness  of  a  surface  is  the  appearance  ascribable  to  its 
gloss. 

Apparent  reflectance  of  a  sample  is  the  reflectance  which  a  per¬ 
fectly  diffusing  surface  would  require  in  order  to  yield  the  same 
brightness  as  the  sample  under  the  same  conditions  of  illumina¬ 
tion  and  viewing. 


Figure  1.  Schematic  Diagram  of  Optical  System 
of  a  Goniophotometer 

Collimator  is  fixed;  receptor  and  sample  may  be  rotated  about  the 
center  of  the  surface  of  the  sample,  either  separately  or  together 

It  is  necessary  in  studying  the  reflective  properties  of  a 
material  to  measure  apparent  reflectance  as  a  function  of 
angles  of  incidence  and  view. 

As  a  result  of  various  factors  (4,  7),  light  reflected  from  a 
surface  has  undergone  a  change  in  spatial  distribution  and 
intensity.  The  spatial  distribution  of  reflected  light  is  di¬ 
rectly  related  to  the  gloss  of  the  surface,  but  no  means  of 
getting  a  numerical  value  for  gloss  from  the  distribution  as  a 
whole  has  been  established.  For  unidirectional  illumination, 
specular  reflection  is  reflection  taking  place  at  the  first  con¬ 
tact  of  the  incident  light  with  the  reflecting  medium.  Dif¬ 
fuse  reflection,  which  takes  place  within  the  medium,  is 
directly  related  to  the  brightness  of  the  surface.  Specular  re¬ 
flection  in  the  case  of  an  optically  smooth  surface  is  confined  to 
the  direction  of  mirror  reflection  and  is  dependent  only  on 
the  angle  of  incident  illumination  and  the  refractive  index  of 
the  reflecting  material.  With  a  specified  unidirectional  il¬ 
lumination  and  a  given  refractive  index,  it  is  possible  to  ob¬ 
tain  a  measure  of  the  smoothness  of  the  surface. 

Departures  from  optical  smoothness  are  being  considered 
as  microscopic  in  character.  This  method  of  measuring 
smoothness  provides  a  means  of  controlling  the  inherent  gloss 
of  the  paint  or  enamel  itself.  It  implies  carefully  controlled 
preparation  of  surfaces  for  measurement.  The  effect  of  re¬ 
fractive  index  is  important  only  when  one  is  comparing  high- 
gloss  products  whose  composition  is  different.  For  control 
work  on  a  given  product  it  is  not  a  factor.  The  extent  of 
variation  of  specular  reflection  with  refractive  index  may  be 
determined  for  a  given  angle  of  incident  illumination  from 
Fresnel’s  equation  (2). 

From  this  point  of  view  there  is  only  one  type  of  gloss, 
which  will  be  referred  to  as  inherent  gloss.  This  term  is  used 
to  indicate  the  gloss,  as  defined  above,  of  a  surface  free  from 
macroscopic  texture  or  irregularities.  The  fact  that  the 
angle  or  angles  of  viewing  and  illumination  must  be  changed 
in  order  to  get  a  better  measure  of  the  relative  degree  of 
smoothness  among  different  classes  of  finishes,  such  as  high 
gloss  and  low  gloss,  does  not  mean  that  we  must  give  a  new 
name  to  each  of  the  quantities  measured  under  the  various 


conditions.  When  it  becomes  possible  to  measure  separately 
the  effect  of  extraneous  factors,  such  as  spray  wave,  orange 
peel,  brush  marks  (macroscopic  texture  in  general),  and  haze, 
and  to  relate  them  with  a  measure  of  inherent  gloss  to  obtain 
a  numerical  value  correlating  with  visual  judgments  of  ap¬ 
pearance,  the  result  will  be  valuable.  However,  from  the 
control  viewpoint  the  method  presented  here  will  not  be 
altered. 

The  features  which  it  is  believed  should  be  incorporated 
in  the  design  of  a  goniophotometer  which  would  enable  one  to 
measure  the  distribution  of  reflected  light  from  surfaces  are  as 
follows: 

The  instrument  should  have  sufficient  angular  resolving  power 
to  give  the  greatest  possible  separation  of  specular  and  diffuse 
reflection.  The  practical  limitation  in  this  respect  is  getting 
enough  light  through  the  system  to  be  measurable.  The  angular 
resolving  power  could  be  increased  beyond  that  of  the  instru¬ 
ment  to  be  described,  but  only  by  using  a  more  intense  light 
source  and  a  more  sensitive  light-measuring  device.  The  condi¬ 
tions  finally  selected  are  those  which  give  sufficient  resolving 
power  to  permit  good  correlation  with  visual  observations. 

Assuming  the  instrument  to  be  of  the  photoelectric  type,  the 
photocell  response  to  color,  for  a  given  source  of  illumination, 
should  be  as  close  as  possible  to  that  of  the  average  human  eye 
and  its  response  should  be  linear  over  the  range  of  intensities  en¬ 
countered. 

It  should  be  adjustable  for  all  angles  of  unidirectional  il¬ 
lumination  and  viewing  in  a  plane  normal  to  the  reflecting  surface. 

It  should  have  sufficient  sensitivity  and  range  to  enable  one  to 
measure  all  the  light  intensities  which  would  be  encountered, 
without  the  use  of  neutral  filters,  wedges,  and  similar  devices 
which  are  difficult  to  reproduce  or  calibrate. 

The  optical  system  should  be  easily  reproduced. 


Figure  2.  Goniophotometer 


A  schematic  diagram  of  the  optical  system  of  a  typical 
goniophotometer  employing  collimating  lenses  is  shown  in 
Figure  1.  Figures  2  and  3  show  the  actual  apparatus. 

The  base  of  the  instrument  is  a  Gaertner  student  spectrometer 
having  a  graduated  circle  and  vernier  which  enable  measure¬ 
ments  of  the  desired  angles  to  be  made  to  one  minute  of  arc. 
The  panel  holder  replaces  the  spectrometer  table,  so  that  the 
face  of  the  panel  coincides  with  the  axis  of  rotation  of  the  arm 
carrying  the  receptor.  The  collimator  is  fixed,  and  receptor  and 
sample  holder  may  be  rotated  about  an  axis  passing  through 
the  front  face  of  the  sample.  The  light  source,  placed  at  the 
focus  of  the  collimating  lens,  is  a  6-volt,  108-watt  ribbon  filament 
lamp  having  a  prefocus  base.  A  diaphragm  is  placed  between  the 
source  and  collimating  lens  to  cut  out  stray  light  from  the  lamp 
housing  and  sides  of  the  tube.  The  lenses  of  both  collimator  and 
receptor  are  achromatic  lenses  having  a  focal  length  of  20  cm.  and 
a  diameter  of  5  cm.  A  practically  parallel  beam  of  light  is  then 
incident  on  the  sample,  say,  at  45°,  and  reflected  in  a  manner  to  be 
determined. 

The  receptor,  by  means  of  which  practically  parallel  reflected 
rays  in  any  desired  direction  may  be  selected,  is  composed  of  lens, 
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slit,  and  photocell.  The  slit  is  placed  at  the  focus  of  the  receptor 
with  its  long  axis  perpendicular  to  the  direction  of  rotation  o 
the  receptor  The  photocell  placed  behind  the  slit .is  a  Westing- 
V,7,use  barrier  layer  type,  trade  name  “Photox”.  The  galvanome¬ 
ter  used  to  measure  the  photocell  current  is  a  Rubicon  Spotlight 
galvanometer  having  a  sensitivity  of  appro^nate^O.Odg  mtm*. 
amoere  per  millimeter  and  a  resistance  of  340  ohms,  io  vary 
therange  an  Ayrton  shunt  of  10,000  ohms’  total  resistance  is  con¬ 
nected  across  the  galvanometer.  The  shunt  is  marked  with  the 
multipliers  1,  5,  20,  50,  and  100  to  be  applied  to  the  scale  read- 

“ AnLstmmlXaTseStive  as  this  is  subject  to  fluctuations  of 
line  voltage  on  the  lamp.  To  prevent  these  fluctuations  from  af¬ 
fecting  the  lamp,  a  rheostat  is  connected  in  series  with  the  lamp 
on  a  115-volt  direct  current  line  to  drop  the  voltage  to  6  volts 
and  a  heavy-duty  6-volt  storage  battery  is  floated  across  the 
lamp  to  take  up  the  momentary  fluctuations  in  line  voltage. 
voTtmeter  is  also  connected  across  the  lamp.  A  null  method  us¬ 
ing  two  photocells  in  a  bridge  circuit  is  also  conunonly  used .  m 
photometric  measurements.  There  are  several  of  these  circu  t 
in  which  readings  are. independent  of  lamp  fluctuations. 

The  specifications  for  the  instrument  are  as  follows: 

The1"  source-receptor  combination  (1,  5)  is  an  ^c^Q®s0ce^ 
source  operating  at  a  color  temperature  between  2800  and 

3000°  K  and  a  Photox  barrier  layer  photocell.  . 

The  reflectance  standard  used  is  a  highly  polished  Pie°e  °f 
black  glass  which  has  arbitrarily  been  assigned  a  relative  ap- 
Darent  reflectance  value  of  100  for  specular  reflection  at  any  angle. 
Actually  when  illuminated  and  viewed  at  45  °  under  the  above  con¬ 
ditions  as  compared  to  a  magnesium  oxide  (8)  surface,  ilhnm- 
nated  at  45°  and  viewed  normally,  its  apparent  reflectance  is  200. 


Preparation  of  P anels 

Many  factors  are  introduced  by  the  common  methods  of 
film  application  or  by  the  type  and  condition  of  the  surface 
to  be  coated,  which  alter  the  appearance  of  the  paint  film  and 
influence  the  worker’s  judgment  or  affect  the  measurement  of 
the  inherent  gloss  of  the  finish.  The  observer,  however,  tries 
to  discount  the  effect  of  such  surface  characteristics  on  the 
appearance  of  the  film  and  to  judge  only  the  inherent  gloss. 
The  more  successful  he  is  in  doing  so,  the  less  likely  he  is  to 
agree  with  instrumental  measurements  of  such  surfaces. 

The  more  important  factors  influencing  general  appearance, 
which  also  affect  gloss  measurement  and  observation,  involve 
both  methods  of  film  application  and  the  type  and  condition 
of  the  surface  to  be  coated.  The  former  includes  spray 
wave,  orange  peel,  brush  marks,  and  any  other  forms  of 
film  distortion  which  are  macroscopic  m  character,  l  ie 
latter  include  variations  in  surface  structure  of  steel,  variable 
porosity  of  the  surface  as  with  wood  panels,  and  curvature 
of  the  surface.  In  addition,  film  thickness  influences  the  ap- 


Table  I.  Measurement  of  Light 


Angle  of  illumination  —  45' 
Angle  of  view  45° 

Aperture  sums  50'  X  5.5 


✓ - High  Gloss 

i 

2 

3 

106 

106 

106 

106 

105 

105 

106 

104 

105 

107 

105 

105 

107 

104 

106 

106 

104 

106 

Av.  106 

105 

106 

, - Eggshell - - 

1  2  3 

1.5  1.5  15 

1.5  15  1.5 

1.5  1.5  1.5 

1.5  1.5  1.5 

1.5  15  15 

1.5  15  1.5 

1.5  1.5  1-5 


Angle  of  illumination  —60 
Angle  of  view  60° 
Aperture  sums  50'  X  5.5° 


-Eggshell 

1 

2 

3 

2.16 

2.13 

2.15 

2.16 

2.10 

2.15 

2.19 

2.12 

2.16 

2.19 

2.10 

2.19 

2.19 

2.13 

2  19 

2.19 

2.13 

2.16 

2.18 

2.12 

2.17 

pearance  of  many  finishes,  particularly  those  in  the  low-gloss 

^Thus  it  is  apparent  that  a  method  which  eliminates  or 
controls  these  factors  and  is  in  itself  reproducible  is  needed. 
The  following  method  has  been  used  successfully  for  some 
time  in  the  preparation  of  films  for  measurement  of  gloss. 

The  panels  are  of  plate  glass,  10  X  25.4  X  0.3  cm.  (4  X  10 
X  0  1 25  inches) .  The  paint  or  enamel  is  applied  to  the  panels  by 
means  of  a  “doctor  knife",  made  by  Bird  and  Sons.  The  kmfe 
is  of  one-piece  construction  and  lays  down  a  film  7  6  cm. 
inches)  wide,  having  a  wet  film  thickness  of  0.0043  cm.  (0 .0U1 1 
inch)  The  panel  on  which  the  film  is  to  be  applied  is  placed 
on  a  solid  steel  plate  having  a  raised  edge  at  one  side to  act -,as :  a 
guide  for  the  knife,  since  any  sidewise  movement  leavessnmll 
fidges  in  the  film,  at  which  points  the  film  is  thicker  than  the 
remaining  portions.  The  films  are  baked  or  air-dried  in  a  hori¬ 
zontal  position  as  the  case  may  require. 

If  measurements  of  light  reflected  in  the  direction  of  mirror 
reflection  with  unidirectional  illumination  are  made  at  a 
number  of  locations  on  a  panel  thus  prepared,  it  is  generally 
impossible  with  the  apparatus  described  to  measure  any  differ¬ 
ences  If  any  are  detectable,  they  are  so  small  as  to  be  of 
negligible  importance.  Table  I  shows  a  series  of  measure¬ 
ments  on  three  panels  of  a  high  gloss  finish  and  on  three 
panels  of  an  eggshell  finish  at  45°  and  also  a  senes  of  measure¬ 
ments  on  the  same  eggshell  finish  at  60°. 

Typical  Goniophotometric  Data 

A  few  typical  examples  of  curves  showing  the  distribution 
of  reflected  light  from  paint  surfaces  are  shown  here..  Ihese 
examples  were  selected,  not  only  to  show  what  a  goniophoto¬ 
metric  curve  looks  like,  but  to  illustrate  the  effects  of  various 
factors,  contributing  to  the  appearance  of  surfaces,  on  the 
spatial  distribution  of  reflected  light.  All  finishes  were  pre¬ 
pared  on  glass  using  the  doctor  kmfe,  unless  otherwise  indi¬ 
cated  The  data  are  plotted  on  semiloganthmic  paper  to 
crive  proper  emphasis  to  the  various  measurements. 

Figure  4  (left)  shows  four  goniophotometric  curves  ob¬ 
tained  from  measurements  on  representative  finishes  of  the 
four  common  gloss  classes— high,  medium  or  semigloss,  egg¬ 
shell  and  flat.  The  color  of  all  these  finishes  is  white.  I  he 
curves  show  how  the  reflected  light  is  scattered  over  a  wider 
angle  around  the  direction  of  mirror  reflection  (45  )  as  the 
gloss  of  the  surfaces  decreases.  The  fact  that  the  whites 
are  not  all  of  the  same  brightness  is  indicated  by  1 the  position 
of  the  horizontal  parts  of  the  curves  to  the  left  of  the  peaks. 

In  Figure  4  (center)  is  shown  the  effect  of  the  panel  mate¬ 
rial  on  the  distribution  of  reflected  light  T[>e  a 

high-gloss  white,  was  applied  by  means  of  the  doctor  knife  to 
tw§o  types  of  24-gage  steel  panels,  10  X  30  o  cm  (4  X  12 
inches)  commonly  used  in  finishing  work.  One  panel  had  a 
more  porous  surface  than  the  other,  the  result  being  a  poorer 
appearance  when  covered  with  a  finishing  material.  The 
effect  is  even  more  pronounced  if  a  wood  panel  is  used.  An¬ 
other  effect  which  panels  such  as  steel,  wood,  tin,  and  press- 
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Figure  4.  Distribution  of  Reflected  Light 

Illumination  —45°,  aperture  sum  50' 

Left.  Effect  of  gloss.  White  finishes 

Center.  Effect  of  panel  surfaces.  White  finish  applied  to  steel  panels 
Right.  Effect  of  brightness.  High-gloss  finishes 


board  have  on  goniophotometric  curves  is  distortion  of  the 
spatial  distribution  of  reflected  light,  due  to  the  fact  that  the 
panels  are  not  flat.  Any  departure  from  flatness  of  the  panel 
will  also  have  a  serious  effect  on  the  film  thickness,  if  one  at¬ 
tempts  to  apply  a  film  by  means  of  the  doctor  knife.  The  ef¬ 
fect  of  the  rough  surface  is  shown  by  the  lower  peak  and 
increased  width  of  curve,  indicating  more  light  reflected  in 
directions  adjacent  to  45°.  The  peak  of  the  curve  corre¬ 
sponding  to  the  finish  over  the  smooth  steel  is  displaced  15 
minutes  from  45°.  This  shows  the  effect  of  slight  curvature 
of  the  panel  material. 

In  Figure  4  (right)  the  effect  of  the  brightness  of  the  paint 
on  the  distribution  curve  is  shown.  The  curves  represent, 
in  order  of  decreasing  brightness,  three  high-gloss  finishes, 
white,  gray,  and  black,  respectively.  The  effect  is  the  same 
with  chromatic  colors.  The  diffusely  reflected  light  repre¬ 
sented  by  the  horizontal  part  of  each  curve  decreases;  the 
remainder  of  the  curve  is  not  affected  if  the  smoothness  of 
the  surface  and  the  refractive  index  remain  the  same. 

Figure  5  (left)  shows  the  effect  of  macroscopic  texture 
introduced  by  spray  application.  The  texture  is  a  combina¬ 
tion  of  spray  wave  and  orange  peel.  Macroscopic  texture, 
such  as  this,  or  brush  marks,  makes  visual  observations  dif¬ 
ficult  and  instrumental  measurements  of  inherent  gloss  im¬ 
possible.  Experienced  observers  generally  claim  to  be 
able  to  disregard  such  effects  in  making  visual  judgments 
and  many  do  well,  but  they  are  not  consistent.  Figure 
5  (left)  shows  that  the  peak  of  the  curve  is  lowered  and  the 
width  increased,  when  this  form  of  texture  is  present;  in 
other  words,  from  the  graph  it  might  be  wrongly  inferred  that 
this  finish  had  lower  inherent  gloss. 

In  Figure  5  (right),  the  effect  of  surface  haze  on  the  dis¬ 
tribution  curve  is  shown.  This  is  a  factor  in  appearance 
which,  if  present,  cannot  be  eliminated  by  the  method  of 
application  outlined  above.  The  peaks  of  the  curves  are  the 
same,  the  only  change  being  a  slight  increase  in  apparent  re¬ 


flectance  at  angles  adjacent  to  45°.  The  fact  that  the  peaks 
and  the  half-intensity  breadths  are  the  same  indicates  that 
the  surfaces  possess  the  same  degree  of  smoothness. 

The  goniophotometer  described  may  be  used  for  measure¬ 
ments  of  the  smoothness  of  plastics  and  metal  surfaces  and  for 
measurements  of  hiding  power,  chalking,  and  holding-out  of 
enamel  top  coats,  and  may  be  applied  to  the  specification  of 
diffusion  materials,  such  as  glass,  the  transmission  distribu¬ 
tion  as  well  as  the  reflection  distribution  being  measured. 

Simplified  Technique  for  Control 

As  obtaining  goniophotometric  curves  on  all  batches  of 
products  manufactured  is  very  time-consuming,  some  simpler 
method  is  desirable.  Going  back  to  the  definition  of  gloss, 
that  property  of  a  surface  by  which  it  reflects  light  specularly, 
the  spatial  distribution  of  reflected  light  provides  the  best 
basis  for  the  specification  of  gloss.  However,  if  the  method  of 
preparation  outlined  above  is  used,  the  peak  of  the  distribu¬ 
tion  curve — that  is,  the  relative  apparent  reflectance  in  the 
direction  of  mirror  reflection — is  an  index  to  the  shape  of  the 
rest  of  the  distribution  curve.  The  evidence  for  this  is  the 
fact  that  all  the  comparisons  which  have  been  made  of  the 
gloss  of  finishes  prepared  in  this  manner  have  correlated  with 
visual  observations. 

There  remains  the  problem  of  selecting  the  proper  angles 
and  apertures  to  give  the  greatest  selectivity  throughout  the 
entire  gloss  range.  In  Figure  6  is  shown  a  plot  of  the  rela¬ 
tive  apparent  reflectances  of  a  group  of  fourteen  finishes  for 
two  angles  and  three  apertures. 

Flats  are  not  included  here  because  they  do  not  represent 
as  difficult  a  control  problem  as  the  higher  gloss  finishes. 
One  limit  for  flats  is  the  ideal  perfectly  diffusing  surface. 
The  top  limit  generally  is  such  that  all  surfaces  possessing 
gloss  values  between  these  limits  are  equivalent  in  prac¬ 
tical  use.  Nos.  1  and  2  are  in  the  high-gloss  range;  3,  4,  5,  6, 
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Illumination  -45°,  aperture  sum  50' 

Left.  Effect  of  macroscopic  texture.  White  finish  on  plate  glass: 
(1)  sprayed,  (2)  applied  with  doctor  knife 
Right.  Effect  of  haze 
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These  conclusions  appear  reason¬ 
able  because,  in  practice  high  and 
semigloss  finishes  are  observed  either 
normally  or  at  about  45°  or  both, 
while  eggshells  and  flats  are  observed 
at  greater  angles. 

An  instrument  embodying  all  the 
features  considered  above,  and  with 
which  the  necessary  measurements 
for  the  control  of  gloss  can  be  made, 
has  been  designed.  The  design  em¬ 
bodies  greater  simplicity,  rugged¬ 
ness,  and  compactness  with  no 
decrease  in  sensitivity  as  compared 
to  the  goniophotometer  described 
herein.  For  example,  while  the  in¬ 
strument  is  still  a  goniophotometer 
in  that  it  is  possible  to  vary  the 
angles  of  incidence  and  viewing  from 
0°  to  70°,  it  is  enclosed,  with  the 
exception  of  the  galvanometer,  in  a 
metal  box  which  is  provided  with 
an  opening  over  which  the  sample 
is  placed.  Thus  dirt  collection  is 
prevented  and  the  moving  parts 
are  protected  from  accidental  blows. 
The  collimator  and  receptor  tubes 
have  also  been  removed  in  the  interest 
of  decreased  cost  of  construction. 
They  are  not  necessary  in  a  properly 
shielded,  light-tight  box.  All  ad- 


and  7  are  semigloss  or  medium;  8,  9,  10,  11,  12,  13,  and  14 
are  eggshell.  The  numbers  indicate  the  order  in  which  tour 
experienced  observers  rated  the  panels  visually.  A  number 
of  significant  conclusions  may  be  drawn  from  these  data. 

1.  At  45°  and  an  aperture  of  50'  good  separation  of  the  finishes 
in  the  high  and  semigloss  range  is  obtained  and  the  order  corre¬ 
sponds  to  that  obtained  visually. 

v  At  an  aperture  of  2.5°  the  separation  is  fair,  and  the  order  is 
correct.  This  is  not  true  under  any  of  the  other  conditions  ot 

2.  At  45°  and  apertures  of  50',  2.5°,  and  5.0°  considering  the 

eggshell  samples,  the  order  of  Nos.  11  and  12  is  the  reverse  of  the 
visual  order.  Also  at  apertures  of  50  and  2.5  the  relative  ap¬ 
parent  reflectances  of  the  eggshells  are  very  low.  .  ,  . 

3.  At  60°  and  all  apertures,  good  separation  is  obtained  lor 
eggshells  and  the  order  corresponds  to  that  obtained  visually. 

4.  At  60°  and  all  apertures  the  high  and  semigloss  finishes 
are  out  of  order  and  especially  at  2.5°  and  5.0  the  separation  is 
poor. 

All  flats  fall  below  sample  14,  no  matter  what  the  condi¬ 
tions  of  measurements.  High-gloss  finishes  seldom  change 
order  with  a  change  in  angle  of  illumination,  but  low  egg¬ 
shells,  such  as  Nos.  11  and  12,  often  do.  Since  this  work  was 
done  over  a  year  ago,  the  angle  at  which  measurements  o 
eggshells  and  flats  were  made  has  been  increased  to  67.5  , 
because  greater  separation  of  these  finishes  is  obtained  with¬ 
out  altering  their  order,  especially  low  eggshells  and  flats. 
These  angles,  for  high-gloss  and  low-gloss  measurements, 
can  of  course  be  varied  within  reasonable  limits  without 
affecting  the  order  of  the  results.  It  is  not  necessary  to  in¬ 
crease  the  angle  beyond  67.5°  in  order  to  measure  adequately 
the  differences  in  a  group  of  the  lowest  gloss  finishes. 

Therefore,  the  conditions  of  measurement  recommended 
for  control  work  would  be: 

For  high  and  semigloss  finishes,  an  angle  of  45°  and  aperture 

sum  not  exceeding  2.5°.  „  ,  , 

For  eggshells  and  flats,  an  angle  of  67.5  and  an  aperture  sum 

not  exceeding  2.5°. 


iustments  of  angles  of  viewing  and  illumination  are  made  from 
the  outside.  The  instrument  will  employ  faster  lenses, 
but  will  illuminate  a  slightly  smaller  area  of  the  sample,  in 
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Figure  6.  Variation  of  Relative  Apparent  Reflect¬ 
ance  in  the  Direction  of  Mirror  Reflection  with 
Angle  of  Illumination  and  Aperture  oum 
Polished  black  glass  =  100 
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order  to  obtain  an  angle  of  70°  for  illumination  and  viewing 
inside  of  the  box.  The  cross-sectional  area  of  the  illuminating 
beam  is  approximately  12  sq.  cm.  A  null  method  by  which 
the  readings  will  be  obtained  directly  in  terms  of  the  second¬ 
ary  standard,  independent  of  intensity  fluctuations  of  the 
light  source,  will  be  employed. 

Considerable  data  are  being  accumulated  on  the  relation 
between  the  relative  apparent  reflectance  in  the  direction  of 
mirror  reflection  for  a  given  illumination  and  the  least  per¬ 
ceptible  visual  differences  throughout  the  gloss  range. 

Summary 

Previous  investigators  have  attempted  to  correlate  so- 
called  “gloss”  measurements  of  surfaces  with  visual  observa¬ 
tions  of  the  surfaces.  Inherent  gloss,  however,  is  only  one 
factor  in  the  appearance  of  a  surface  and  in  order  to  measure 
it,  it  is  necessary  to  prepare  paint  films  such  that  the  inher¬ 
ent  gloss  is  the  only  factor  in  the  measurement.  A  refined 
method  of  preparing  paint  surfaces  for  measurement — 
namely,  doctor-blading  on  plate  glass — is  introduced  to 
control  or  eliminate  extraneous  factors  affecting  goniophoto- 
metric  measurements  and  visual  observations  of  inherent 
gloss.  The  construction  of  a  goniophotometer  for  research 


work  on  gloss  in  the  finishes  field  and  other  fields  is  described 
and  complete  specifications  are  given.  Finally,  for  control 
work  in  the  case  of  high  and  semigloss  finishes,  the  relative 
apparent  reflectance  in  the  direction  of  mirror  reflection  for 
unidirectional  illumination  at  45°  should  be  measured,  the 
aperture  sum  not  to  exceed  2.5°.  For  eggshell  and  flat 
finishes,  the  relative  apparent  reflectance  in  the  direction  of 
mirror  reflection  for  unidirectional  illumination  at  67.5° 
should  be  measured,  the  aperture  sum  not  to  exceed  2.5°. 
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Among  the  numerous  derivatives  of  ro¬ 
tenone  thus  far  studied,  only  dihydro¬ 
rotenone  retains  the  high  insecticidal 
action  of  the  parent  compound.  The  ap¬ 
parently  greater  stability  of  this  derivative 
has  led  to  its  commercial  production. 
Catalytic  hydrogenation  of  rotenone  pro¬ 
duces,  in  addition  to  dihydrorotenone,  the 
nontoxic  hydrogenation  products  rotenonic 
acid,  dihydrorotenonic  acid,  and  dihydro- 
rotenol.  To  develop  a  method  for  the  deter- 

MANY  derivatives  of  rotenone  have  been  prepared  in 
the  course  of  studies  on  its  structure,  and  some  of  them 
have  been  tested  to  determine  their  insecticidal  action.  With 
the  exception  of  dihydrorotenone,  they  have  been  found  to  be 
of  little  value  as  compared  with  the  parent  compound.  Di¬ 
hydrorotenone  possesses  about  the  same  toxicity  to  insects  as 
rotenone  (11),  and  it  may  be  somewhat  more  stable  to  oxi¬ 
dation  in  the  presence  of  light  (8),  although  further  experi¬ 
mentation  is  desirable  on  this  subject. 

Dihydrorotenone  (formula  II,  page  653)  is  prepared  by 
catalytic  hydrogenation  of  rotenone  (I)  with  Raney  nickel  or 
the  reduced  platinum  oxide  catalyst.  Under  proper  conditions 
the  saturation  of  the  double  bond  in  rotenone  proceeds  readily, 
with  the  formation  of  dihydrorotenone  in  good  yield.  How¬ 
ever,  for  reasons  not  yet  fully  understood,  the  hydrogenation 
sometimes  takes  another  course  and  rotenonic  acid  (isodi- 


mination  of  dihydrorotenone  in  the  mix¬ 
ture  of  hydrogenation  products,  some  of 
the  physical  and  chemical  properties  of 
these  compounds  were  examined.  A  com¬ 
bination  of  physical  properties  will  give 
some  information  as  to  the  amount  of  di¬ 
hydrorotenone  present,  but  a  better 
method  is  based  on  the  observation  that 
this  is  the  only  reduction  product  giving  an 
appreciable  red  color  by  the  Goodhue  test. 

The  proposed  method  is  based  on  this  test. 

hydrorotenone,  III)  is  obtained.  This  compound  differs  from 
dihydrorotenone  in  that  the  oxygen  bridge  of  ring  E  is  cleaved 
and  the  double  bond  remains  unsaturated.  On  continued 
hydrogenation  the  double  bond  is  saturated,  with  the  forma¬ 
tion  of  dihydrorotenonic  acid  (tetrahydrorotenone,  IV). 
These  two  compounds  are  the  most  common  by-products 
formed  in  the  preparation  of  dihydrorotenone.  In  one  in¬ 
stance,  however,  where  a  special  nickel  catalyst  was  employed, 
the  reduction  product  consisted  almost  wholly  of  dihydro- 
rotenol  (V)  (6). 

Some  of  the  physical  and  chemical  properties  of  all  four 
hydrogenation  products  have  been  described,  but  no  pro¬ 
cedure  has  been  proposed  for  their  detection  or  estimation 
in  the  presence  of  each  other.  Since  dihydrorotenone  is  now 
commercially  available,  further  study  of  the  compounds  was 
undertaken,  and  this  paper  describes  a  method  for  the  detec- 
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Table  I. 


Some  Physical  and  Chemical  Properties  of  Rotenone  and  the  Products  Formed  by  Its  Catalytic 

Hydrogenation 


Compound 

Rotenone 
Dihydrorotenone 
Rotenonic  acid 

Dihydrorotenonic  acid 

Dihydrorotenol 
«  Jones  and  Smith  (9). 

6  Haller  and  LaForge  (5). 
e  LaForge  and  Smith  (1 0)  ■ 


Melting 

Point 

In  Benzene 
[a'pr?  Concn. 

In  Chloroform 
[apl?  Concn. 

Crystal  Shape 

°  c. 

Degrees 

G./100  cc. 

Degrees 

G./100  cc. 

163 

216 

209 

-230“ 

-223.0 

2 

2.5 

-116“ 

— 123 . 2b 
+  36.2“ 

4-  45. 0& 

2 

5.5 

2.1 

6.9 

Hexagonal 

W  edge-shaped 
Needles 

216 

131 

-100.7 

3.1 

+  45.5 
+  67.0& 
+  53.2 
-  74.4 

2.1 

7.7 

2.2 

3.1 

N  eedles 

Needles 

-Solubility- 
In  iso- 


In  In  iso-  Goodhue 

benzene  propanol  value 

G./100  cc.  G./100  cc. 

8.0“  0.2“  100 

6.3  0.2  92 

0.5  3.9  6 


0.4 
15 . 6 


4.0 

0.3 


tion  and  estimation  of  dihydrorotenone  in  the  presence  of 
rotenonic  acid,  dihydrorotenonic  acid,  and  dihydrorotenol. 


Experimental 

Preparation  of  Materials.  The  compounds  used  were 
obtained  by  the  catalytic  hydrogenation  of  rotenone  accord¬ 
ing  to  the  procedure  already  described  ( 6 ,  7,  10).  The  mam 
product,  dihydrorotenone,  was  separated  from  acidic  sub¬ 
stances  by  means  of  alkali  and  purified  by  crysta  lizmg  twice 
from  carbon  tetrachloride  and  twice  from  ethanol.  Only  the 
high-melting  form  (216°  C.)  was  obtained.  (The  melting 
points  recorded  throughout  this  paper  are  corrected.) 

If  the  reduction  is  interrupted  after  the  absorption  of  one 
mole  of  hydrogen  per  mole  of  rotenone,  the  acidic  product  is 
rotenonic  acid.  It  was  separated  from  the  dihydrorotenone 
as  mentioned  above  and  purified  by  crystallization  from 
ethanol  until  a  constant  melting  point  (208°  C.)  was  obtained. 

When  rotenone  is  allowed  to  absorb  more  than  one  mole 
of  hydrogen,  a  considerable  quantity  of  dihydrorotenonic  acid 
is  formed  together  with  dihydrorotenone  and  rotenonic  acid. 
The  mixture  of  the  two  acids,  after  the  removal  of  dihydro¬ 
rotenone,  was  separated  by  isomerizing  the  rotenonic  acid  to 
beta-dihydrorotenone  (4),  which  is  insoluble  in  alkali,  ihe 
dihydrorotenonic  acid,  recrystallized  three  times  from 
methanol,  melted  at  216°  C. 


The  dihydrorotenol  used  in  these  tests  was  obtained  by 
hydrogenation  of  rotenone  in  butyl  acetate  solution  with  a 
special  nickel  catalyst  ( 6 ).  It  was  purified  by  recrystaUiza- 
tion  from  ethanol  until  the  recorded  melting  point  (181  L.) 
was  obtained. 

Detection  and  Possible  Determination  by  Use  of 
Physical  Constants.  Some  of  the  most  easily  determined 
physical  constants  that  might  be  used  in  the  detection  or 
estimation  of  these  compounds  have  been  examined.  Those 
already  reported  in  the  literature  were  checked  and,  together 
with  values  determined  by  the  authors,  are  assembled  in 
Table  I.  Data  on  rotenone  are  included  for  comparison  ( 9 ). 
The  corrected  melting  points,  the  crystalline  forms,  and  the 
specific  rotations  were  determined  by  the  usual  methods. 
The  specific  rotation  of  rotenonic  acid  and  dihydrorotenonic 
acid  could  not  be  determined  accurately  in  benzene  because 
of  low  solubility.  In  chloroform  the  values  obtained  by  the 
authors  do  not  check  the  recorded  values  {9,  10),  but  a 
variation  was  expected  since  alkali,  which  racemizes  these 
compounds,  was  used  at  one  stage  in  the  purification.  The 
positive  rotation,  however,  is  a  distinguishing  characteristic. 

The  solubilities  in  benzene  and  isopropyl  alcohol  at  25  U. 
were  determined  by  weighing  the  residue,  dned  at  lOo  C., 
from  2  or  5  cc.  of  saturated  solution  of  each  compound. 

Dihydrorotenone  is  considerably  more  soluble  in  benzene 
than  are  the  acid  derivatives,  and  a  simple  distinguishing  test 
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Figure  1.  Graphic  Method  of  Translating  Light 
Transmission  Into  Milligrams  of  Dihydrorotenone 


for  these  compounds  in  a  mixture  is  possible  since  there  is 
little  mutual-solubility  effect.  This  effect  was  determined  by 
weighing  the  residue  from  5  cc.  of  benzene  saturated  with  both 
dihydrorotenone  and  rotenonic  acid.  A  solubility  of  7.8 
grams  per  100  cc.  of  solution  was  obtained  as  compared  with 
6.3  grams  for  the  sum  of  the  two  solubilities  determined  sepa¬ 
rately.  This  mutual-solubility  effect  was  further  studied  by 
determining  the  amount  of  a  mixture  of  dihydrorotenone, 
rotenonic  acid,  and  dihydrorotenonic  acid  that  is  required 
to  saturate  benzene.  A  solubility  of  7.7  grams  as  compared 
with  the  sum  of  the  separately  determined  solubilities  with 
7.2  grams  per  100  cc.  was  obtained. 

Colorimetric  Determination.  The  physical  data  just 
given  can  be  used  qualitatively,  or  in  some  cases  semiquantita- 
tively,  to  determine  the  hydrogenation  products  that  are 
formed,  but  a  more  accurate  and  definite  method  of  analysis 
for  dihydrorotenone  is  desirable.  The  Goodhue  (3)  modifica¬ 
tion  of  the  Gross  and  Smith  colorimetric  method  for  the  deter¬ 
mination  of  rotenone  and  deguelin  was  tried,  since  it  has  been 
found  that  several  of  the  toxic  compounds  present  in  derris 
give  a  red  color  by  this  procedure.  Of  the  four  hydrogena¬ 
tion  products  only  dihydrorotenone  gave  a  color  approaching 
that  given  by  rotenone.  The  amount  of  red  color  compared 
with  rotenone  as  100,  Goodhue  value  ( 2 ),  for  each  of  these 
compounds  is  given  in  Table  I. 

Since  the  color  values  obtained  with  rotenonic  acid,  dihydro¬ 
rotenonic  acid,  and  dihydrorotenol  are  negligible  compared 
with  those  obtained  with  dihydrorotenone,  it  is  possible  to 
use  the  reaction  for  the  determination  of  the  last-named 
compound  in  a  mixture  of  the  materials.  As  the  procedure 
described  for  carrying  out  the  color  test  has  been  improved, 
the  details  of  the  modified  method  are  given  here  with  special 
reference  to  the  determination  of  dihydrorotenone. 

Reagents 

(а)  A  dilute  sulfuric  acid  solution  prepared  by  mixing  1  volume 
of  concentrated  sulfuric  acid  with  3  volumes  of  water.  The  sul¬ 
furic  acid  should  be  free  from  nitrous  acid. 

(б)  An  alcoholic  solution  of  sodium  nitrite  prepared  by  dis¬ 
solving  1  gram  of  sodium  nitrite  in  10  cc.  of  water  and  diluting 
to  1  liter  with  95-100  per  cent  ethanol. 


(c)  A  solution  made  by  dissolving  40  grams  of  potassium 
hydroxide  in  100  cc.  of  water. 

( d )  An  alcoholic  potassium  hydroxide  solution  containing 
sodium  nitrite  prepared  immediately  before  use  by  mixing  7 
volumes  of  ( b )  and  1  volume  of  (c). 

(e)  A  commercial  grade  of  acetone  that  is  comparatively  free 
of  water  and  gives  a  clear,  colorless  blank. 

Solutions  (a),  (6),  and  (c)  keep  for  long  periods,  but  solution 
(d)  will  not  keep  for  more  than  1  day. 

Procedure.  A  standard  solution  is  prepared  by  weighing 
accurately  approximately  20  mg.  of  pure  dihydrorotenone  and 
making  up  to  100  cc.  with  acetone.  A  solution  of  the  unknown  is 
also  made  in  the  same  way  with  approximately  20  mg.  of  material 
to  100  cc.  of  acetone.  This  weight  should  be  doubled  if  the  di¬ 
hydrorotenone  in  the  mixture  is  known  to  be  below  50  per  cent. 

Two  cubic  centimeters  of  acetone  are  pipetted  into  a  test  tube 
for  a  blank  and  1  cc.  into  each  of  four  other  tubes.  Into  two  of 
these  tubes  1  cc.  of  the  standard  is  pipetted  and  into  the  other  two 
1  cc.  of  the  unknown,  and  2  cc.  of  the  alcoholic  potassium  hy¬ 
droxide  containing  sodium  nitrite  (d)  are  added  to  all  the  tubes. 
The  solution  is  mixed  immediately  and  allowed  to  stand  at  room 
temperature  (approximately  25°  C.)  for  5  minutes.  Six  cubic 
centimeters  of  the  1  to  3  sulfuric  acid  (a)  is  then  added,  mixed 
immediately,  and  placed  in  a  beaker  of  cold  water  (15°  to  20°  C.). 
After  about  5  minutes  the  tubes  are  removed  from  the  bath, 
brought  to  room  temperature,  and  compared  in  a  suitable  in¬ 
strument. 

The  use  of  a  photometer  has  been  found  to  be  the  most  ac¬ 
curate  method  of  comparing  the  standards  and  the  unknowns. 
The  colors  can  be  developed  directly  in  selected  test  tubes  which 
fit  the  photometer,  or  they  can  be  developed  in  any  test  tube 
and  poured  into  a  special  cell.  A  Brice  ( 1 )  photometer  which 
gives  percentage  transmission  as  direct  readings  has  been  found 
satisfactory.  Glass  filters  (Corning,  3.5  mm.,  No.  430,  dark 
shade  blue  green)  were  used.  The  blank  is  taken  as  100  per  cent 
transmission,  and  the  photometer  is  therefore  adjusted  to  give 
a  reading  of  100  with  the  cell  containing  the  blank  in  place.  The 
readings  for  the  standards  and  unknowns  which  are  next  ob¬ 
tained  are  therefore  in  per  cent  transmission. 

Since  the  color  for  rotenone  has  been  found  by  Cassil  (un¬ 
published)  to  follow  Beer’s  law,  there  is  every  reason  to  be¬ 
lieve  that  the  results  will  be  the  same  with  dihydrorotenone. 
A  plot  is  therefore  made  on  semilogarithmic  paper  with  trans¬ 
mission  as  ordinate  (logarithmic)  and  concentration  as  ab¬ 
scissa  (arithmetic),  and  a  straight  line  is  drawn  from  the  point 
of  zero  concentration  and  100  per  cent  transmission  to  the 
point  determined  by  the  concentration  and  the  transmission 
of  the  standard.  The  transmission  of  the  unknown  having 
been  determined,  its  concentration  can  be  read  from  the 
curve  and  the  percentage  calculated.  Such  a  curve  is  il¬ 
lustrated  in  Figure  1. 

A  determination  was  made  with  a  standard  solution  containing 
0.23  mg.  of  dihydrorotenone  per  cc.  and  another  supplementary 
solution  containing  0.115  mg.  of  dihydrorotenone  and  0.115  mg. 
of  rotenonic  acid  per  cc.  After  adjustment  to  the  blank  the 
average  reading  for  the  standards  was  22.8,  and  for  the  others  it 
was  47.2.  A  straight  line  was  then  drawn  from  the  point  of  zero 
concentration  and  100  per  cent  transmission  to  the  point  deter¬ 
mined  by  the  concentration  and  a  transmission  of  22.8  per  cent. 
From  this  curve  and  the  reading  for  the  supplementary  solution, 
47.2,  a  value  of  0. 1 15  was  obtained.  This  also  illustrates  the  negli¬ 
gible  effect  of  rotenonic  acid  in  this  determination. 
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Preparation  of  Stable  Sodium 
Thiosulfate  Solutions 

JAMES  L.  KASSNER  AND  ESTHER  E.  KASSNER 
University  of  Alabama,  University,  Ala. 


A  GREAT  many  investigations  (1-8,  10,  11)  of  the  preser¬ 
vation  of  sodium  thiosulfate  solutions  have  been  made. 
Stable  solutions  of  sodium  thiosulfate  are  generally  pre¬ 
pared  (8)  by  dissolving  sterile  sodium  thiosulfate  crystals  in 
freshly  boiled  and  cooled  distilled  water.  Many  solutions 
prepared  by  this  procedure  maintain  a  constant  titer  over  a 
long  period  of  time,  while  other  solutions  prepared  in  exactly 
the  same  way  decompose.  Since  sulfur-eating  bacteria, 
Thiobacillus  thioparus,  are  present  in  the  air,  the  stopper  may 
become  contaminated  before  the  bottle  is  closed  or  later  when 
the  bottle  is  opened.  As  a  result,  not  all  solutions  prepared 
by  using  freshly  boiled  water  are  sterile. 

The  present  investigation  was  started  in  an  effort  to  find 
a  better  method  for  preparing  stable  solutions  of  sodium  thio¬ 
sulfate.  It  seemed  logical  to  assume  that  some  poison  could 
be  found  that  would  prevent  the  growth  of  the  sulfur-eating 


Table  I.  Effect  of  Chloroform  on  Normality 


CHCh° 

Ml./l. 

0.07 

0.30 

0.15 


Dec.,  1936  May,  1937  Nov.,  1938  Nov.,  1939  Mar.,  1940 
N  N  N  A'  N 


0.1057 

0.0963 

0.0852 


0.1056 
0.0963 
0 . 0852 


0.1054 

0.0963 

0.0852 


0.1055 

0.0963 

0.0852 


0.1054 

0.0963 

0.0852 


°  No  more  chloroform  was  added  after  the  first  da>. 


bacteria  and  would  not  interfere  with  the  subsequent  use  of 
the  solution.  A  preliminary  investigation  showed  that  chlo¬ 
roform  offered  the  most  promise  of  preventing  the  growth  of 
these  bacteria.  It  is  a  good  germicide,  practically  insoluble  in 
water,  and  soluble  in  rubber.  When  a  few  drops  are  added 
to  a  solution  in  a  rubber-stoppered  bottle,  the  chloroform  dif¬ 
fuses  up  through  the  solution  and  dissolves  in  the  stopper. 
It  later  diffuses  out  of  the  stopper  into  the  air  space  above  the 
solution,  and  keeps  the  solution  sterile  over  a  long  period  of 
time,  even  though  the  bottle  is  opened  frequently. 


To  see  whether  the  addition  of  chloroform  to  a  solution  affected 
its  titer,  an  approximately  0.05  N  solution  of  sodium  thiosulfate, 
containing  3  drops  of  chloroform  perUter.wasprepared  and 
standardized.  More  chloroform  was  then  added  m  0.1 -ml  por¬ 
tions  and  the  solution  was  restandardized  until  0.5  ml.  of  chloro¬ 
form  had  been  added  to  1  liter.  The  addition  of  0.5  ml.  of  chloro¬ 
form  to  1  liter  (the  total  time  that  elapsed  during  this  addition 
was  3  days)  of  sodium  thiosulfate  did  not  affect  the  fourth  signin- 
cant  figure  in  the  normality  of  the  solution.  ,  ,. 

In  all  this  work  the  solutions  were  standardized  with  a  solution 
of  potassium  iodate  ( 9 )  of  approximately  the  same  normahty  as 
the  thiosulfate  solution.  The  first  standardization  was  made 
each  time  within  less  than  2  hours  after  the  solution  was  prepared. 
Bureau  of  Standards  potassium  iodate,  calibrated  weights,  and 
calibrated  volumetric  apparatus  were  used  throughout  this  m- 

VG T ^solution s  were  prepared  from  ordinary  distilled  water  and 
had  a  pH  of  6.2  to  6.8.  If  the  pH  of  the  distilled  water  is  un¬ 
known; it  is  advisable  to  add  about  0.01  gram  of  sodium  carbonate 
per  liter.  The  pH  of  distilled  water  can  be  changed  from  5.2  to 
9  3  by  adding  0.01  gram  of  sodium  carbonate  per  liter.  lHe 
sodium  thiosulfate  used  in  this  work  was  not  recrystaUized  or 
sterilized  in  any  way  before  use.  The  solutions  were  stored  m 
clear  glass,  rubber-stoppered  bottles.  The  rubber  stoppers  were 
cleaned  by  boiling  in  dilute  caustic  solution.  Further  stenhza- 
tion  is  not  necessary  because  the  chloroform  dissolves  m  the 
stoppers. 


The  data  for  the  more  concentrated  solutions  are  sum¬ 
marized  in  Table  I. 

The  solutions  were  not  protected  from  the  hght  but  were 

not  exposed  to  the  direct  rays  of  the  sun. 

Unfortunately,  the  first  dilute  solutions  (0.05  to  0.006  N) 
were  prepared  and  stored  in  clear  glass,  glass-stoppered  bot¬ 
tles.  These  solutions  maintained  their  titer  to  within  less 
than  0.3  per  cent  from  December,  1937,  to  May,  1938,  but  their 
normality  had  decreased  so  much  by  November,  1938,  that 
they  were  discarded  and  a  new  series  was  started.  This  time 
3  liters  of  each  solution  were  prepared  and  divided  into  three 
portions.  Series  A  contained  only  water  plus  the  sodium 
thiosulfate  and  was  stored  in  ordinary  glass,  rubber-stoppered 
bottles.  A  white  precipitate  formed  in  each  bottle  within  6 
months.  Tests  showed  that  the  normahty  had  decreased. 

To  each  portion  of  series  B  and  C  0.4  ml.  of  chloroform  per 
liter  was  added.  Series  B  was  stored  in  clear  glass,  rubber- 
stoppered  bottles  and  series  C  was  stored  in  dark  brown  (1,  j.) 
rubber-stoppered  bottles.  The  data  are  summarized  in 
Table  II. 

Chloroform  has  been  used  as  a  bactericide  in  the  preserva¬ 
tion  of  sodium  thiosulfate  solutions  in  this  laboratory  for  the 


past  5  years. 


Table  II. 

Effect  of  Chloroform0 

Series 

Nov.,  1938 

N 

May,  1939 

N 

Nov.,  1939 

N 

Mar.,  1940 
N 

B 

0.05252 

0.02646 

0.01406 

0.006778 

0.05252 

0.02643 

0.01405 

0.006695 

0.05232 

0.02575 

0.01378 

0.006663 

0.05207 

0.02556 

0.01364 

0.006640 

C 

0.05252 

0.02646 

0.01406 

0.006778 

0.05251 

0.02647 

0.01406 

0.006776 

0.05250 

0.02645 

0.01404 

0.006772 

0.05251 

0.02646 

0.01405 

0.006774 

.  UUU  I  •  u  - - 

o  No  more  chloroform  was  added  in  series  B  and  C  after  the  solutions  were 


first  prepared. 


Summary 

Small  amounts  of  chloroform  prevent  the  decomposition 
of  sodium  thiosulfate  stored  in  rubber-stoppered  bottles. 

Solutions  of  approximately  0.05  N  or  less  should  be  stored 
in  brown  glass,  rubber-stoppered  bottles. 

Sterile  sodium  thiosulfate  solutions  that  have  a  pH  of  b.2  or 
more  maintain  their  titer  over  a  long  period  of  time. 
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A  Polarographic  Method  for  Lead  and 

Zinc  in  Paints 

B.  M.  ABRAHAM1,  University  of  Chicago,  AND  R.  S.  HUFFMAN, 
Sherwin-Williams  Paint  Company,  Chicago,  Ill. 


THE  usefulness  of  the  polarographic  method  in  many 
specific  analyses  can  be  ascertained  only  by  actual  trial. 
Often  there  is  hesitation  to  invest  in  a  recording  instrument 
before  the  method  can  be  tested,  and  perhaps  the  application 
of  the  polarograph  to  many  problems  is  retarded  by  this  item 
of  expense.  The  writers  have  found  that  for  preliminary  in¬ 
vestigations  the  simple  manually  operated  instrument,  as 
described  by  Kolthoff  and  Lingane  ( 1 ),  will  give  excellent 
results.  Although  use  of  this  outfit  is  too  time-consuming  for 
routine  work,  it  enables  the  preliminary  investigations  to  be 
made  at  little  expense  and  demonstrates  the  range  of  useful¬ 
ness  of  the  polarographic  method  fully  as  well  as  the  recording 
instruments. 

The  instrument  was  assembled  at  a  cost  of  $45  exclusive 
of  the  galvanometer,  which  was  already  available,  and  the 
glass  parts,  which  were  constructed  as  needed.  At  present 
it  is  being  used  for  the  polarographic  determination  of  lead, 
zinc,  and  cobalt  in  paint  pigments,  at  both  high  and  low 
concentrations. 

Method 

An  approximately  0.3-gram  sample  of  extracted  pigment  is 
weighed  out,  transferred  to  a  250-ml.  beaker,  and  digested  with 
2  to  3  ml.  of  concentrated  hydrochloric  acid.  After  digestion, 
which  takes  approximately  half  an  hour,  the  sample  is  taken  down 
to  dryness  by  means  of  a  mediumly  heated  hot  plate  and  an  air 
jet,  care  being  taken  not  to  overheat.  When  the  odor  of  acid  has 
disappeared,  the  residue  is  dissolved  in  5  ml.  of  0.5  N  hydro¬ 
chloric  acid,  warmed  to  expedite  solution,  and  diluted  with  50  ml. 
of  boiling  water.  Any  residue  is  filtered  out  and  washed  with 
boiling  water;  the  solution  is  then  transferred  to  a  250-ml. 
volumetric  flask  containing  25  ml.  of  1  A  lithium  chloride  and 
made  up  to  volume.  Ten  to  15  ml.  of  this  solution,  which  is  now 
0.1  N  with  respect  to  lithium  chloride,  is  placed  without  further 
dilution  in  the  polarographic  cell  and  hydrogen  is  bubbled  through 
for  the  removal  of  oxygen.  Tank  hydrogen  is  used,  purified  by 
passing  through  alkaline  pyrogallol.  Recently  illuminating  gas 


1  Present  address,  4605  Tracy,  Kansas  City,  Mo. 


from  the  city  mains  has  been  used  and  performs  satisfactorily, 
provided  it,  too,  is  purified  by  pyrogallol. 

After  15  minutes  the  gas  flow  is  stopped  and  the  measurements 
are  taken  as  follows:  Successive  voltage  increments  are  applied 
in  known  amounts  (as  read  by  the  voltmeter)  and  the  galvanom¬ 
eter  deflection  is  read  for  the  corresponding  voltage.  In  the 
vicinity  of  the  break,  steps  of  0.05  volt  are  applied.  Readings 
are  taken  in  this  manner  up  to  1.8  volts,  at  which  potential  hy¬ 
drogen  usually  discharges.  The  voltages  are  then  plotted  as 
abscissas  and  the  galvanometer  deflections  as  ordinates;  if  low 
sensitivity  is  used  the  flat  portions  of  the  curves  are  nearly  parallel 
to  the  voltage  axis.  In  such  cases  it  will  suffice  to  take  two  gal¬ 
vanometer  readings  only,  one  before  the  break  and  one  after,  in 
order  to  obtain  the  step  height. 


Table  I.  Comparative  Analyses 


Lead  Zinc  Cobalt 


Sam¬ 

Chemi¬ 

Polaro¬ 

Chemi¬ 

Polaro¬ 

Chemi¬ 

Polaro¬ 

ple 

cal 

graphic 

cal 

graphic 

cal 

graphic 

% 

% 

% 

% 

% 

% 

1 

59.4 

18.7 

18.5 

2 

0. 043 
0.039 

0.044 

0.043 

•  • 

3 

58.5 

58.1 

25.1 

25.0 

4 

56.6 

56.5 

30.9 

30.8 

5 

54.8 

54.5 

15.2 

15.3 

6 

19.7 

19.9 

7 

58.5 

57.9 

25.1 

24.6 

8 

6!  02 

6!6l 

Such  a 

curve  is 

illustrated 

in  Figure  1 ,  A, 

which 

is  the  an- 

alysis  of  sample  1,  Table  I. 

Under  the  experimental  conditions  no  suppressant  was 
used  to  prevent  maxima.  It  was  found  that  no  maxima  oc¬ 
curred  when  the  concentration  of  the  ion  was  below  5  X  10  ~3 
molar.  When  the  concentration  became  much  greater  than 
this  value  lead  caused  the  most  trouble  with  maxima. 

Frequently  so-called  “lead-free”  paints  must  be  analyzed 
for  lead  in  the  presence  of  large  amounts  of  iron,  chromium, 
and  zinc. 


In  this  case  the  technique  is  to  ash,  at 
low  temperature,  a  0.3-  to  0.5-gram  sample, 
take  up  the  ash  in  2  ml.  of  concentrated  hy¬ 
drochloric  acid,  and  evaporate  to  dryness; 
the  residue  is  dissolved  in  3  ml.  of  0.1  N 
hydrochloric  acid,  filtered  into  a  25-ml.  volu¬ 
metric  flask  containing  2.5  ml.  of  1  N  lithium 
chloride,  cooled,  and  made  up  to  volume.  Ten 
to  15  ml.  are  taken  as  before,  deoxygenated 
and  polarographed,  but  this  time  at  much 
greater  galvanometer  sensitivity. 


The  analysis  of  sample  2  given  in  Table 
I  is  illustrated  by  Figure  1,  B.  Since  it  is 
not  possible  to  use  the  differential  method 
on  this  type  of  curve,  the  slope  intercept 
form  is  used — that  is,  two  lines  are  drawn, 
one  through  each  sloping  part  of  the  curve, 
and  the  vertical  part  is  extended  to  inter¬ 
sect  them.  The  step  height  is  taken  as 
the  vertical  distance  between  these  inter¬ 
sections. 

For  accurate  analyses  it  is  necessary  to 
run  a  standard  solution  either  immediately 
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before  or  after  the  actual  analysis,  since  temperature  and 
capillary  constants  have  a  marked  effect  on  the  diffusion 
current.  In  this  way  careful  thermostating  and  differences 
due  to  different  capillaries  can  be  eliminated. 

A  comparison  between  chemical  and  polarographic  analyses 
of  lead,  zinc,  and  cobalt  is  given  in  Table  I. 
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Effect  of  Selenium  on  the  Kjeldahl  Digestion 

R.  B.  BRADSTREET 
17  Hamilton  Ave.,  Cranford,  N.  J. 


THE  use  of  selenium  as  a  catalyst  in  the  Kjeldahl  digestion 
was  first  proposed  by  Lauro  U)  in  1931.  Since  then, 
many  investigators  have  reported  on  its  use,  alone  or  in  com¬ 
bination  with  other  catalysts.  Poe  and  Nalder  (6),  com¬ 
paring  the  digestion  times  of  various  catalysts  and  combina¬ 
tions  of  catalysts,  found  that  a  mixture  of  selemum,  copper 
sulfate,  and  mercuric  oxide  was  a  rapid  and  efficient  catalyst, 
and  further  that  there  was  no  loss  of  nitrogen.  On  the  other 
hand,  Davis  and  Wise  (2)  state  that  the  use  of  selemum  is 
not  to  be  recommended.  Other  workers  (5,  7,  8)  have  also 
noted  a  loss  of  nitrogen.  The  writer  feels  that  this  is  unfor¬ 
tunate,  since  selenium  is  an  efficient  catalyst,  and  possesses 
the  advantage  of  not  forming  a  complex  with  ammonia,  as 
does  mercury. 


Table  I.  Effect  of  Selenium  on  Nitrogen  Determination 
Selenium  used,  grams  0.10  0  25  0.50  0  /o  1.00  1.2o 

%  %  %  %  %  % 


Catalyst 


Se  +  FeSCLJHsO 
Se  +  CuSCL.SHjO 


Se 

Se  +  FeS0t.7H20 
Se  +  CuS04.5H:>0 


Se  +  FeS04.7H20 
Se  +  CUSO4.5H2O 


Se  +  FeS04.7Hi0 
Se  +  CuS04.5Hj0 


Acetanilide  (10.36%  N2) 


10.42  10.34 
10.37°  10.31 
10.36i>  10.26 


10.00  10.07 
10.28  10.10 
10.07  10.10 


10.00 

9.92 

10.11 


Anthranilic  Acid  (10.21%  N2) 


10.25  10.25  9.99 
10  25“  10.25  9.99 
10  246  10.26  10.05 


9.97 

9.59 

10.04 


9.84 

9.23 

9.18 


9.78 

9.07 

9.87 


9.91 

9.95 

9.82 


„ _ _ p-Nitroaniline 

10.10  19.96  19.89 

20  28“  20.26  20.26 
20.276  20.27  20.64 


(20.30%  N2)- 

19.98  19.25 

20.04  20.30 

19.87  20.07 


20.02 

20.13 

20.27 


m-Dinitrobenzene  (16.68%  Ns) 


16.64  16.66  16.57 
16.67“  16.64  16.36 
16.656  16.64  16.16 


16.37 

15.37 
14.62 


16.65 

16.22 

16.19 


16.12 

16.34 

18.60 


“  Catalyst,  0.1  gram  Se  +  0.1  gram  FeSOiJHsO 
6  Catalyst,  0.1  gram  Se  +  0.1  gram  CuSO4.oH.2U 


The  customary  amount  of  selenium  used  in  digestions 
varies  between  0.1  and  0.25  gram.  It  is  proposed  m  this 
paper  to  ascertain  the  limiting  amounts  of  selemum  alone  and 
in  combination,  beyond  which  a  loss  of  nitrogen  will  occur. 
Conditions,  as  far  as  possible,  were  standardized  to  minimize 
all  errors.  Gas  burners  were  used,  and  the  flames  carefully 
regulated.  Very  little  difference  in  clearing  time  was  noted, 
and  all  samples  were  given  1  hour  afterboil. 

Four  organic  compounds,  representing  four  different  com¬ 
binations  of  nitrogen  were  used:  acetanilide,  anthranilic 
acid,  p-nitroaniline,  and  m-dinitrobenzene. 


Procedure 

Appropriate  samples  were  weighed  into  Kjeldahl  flasks,  and 
35  ml.  of  concentrated  sulfuric  acid  containing  3o  grams  of 
salicylic  acid  per  liter  were  added  and  allowed  to  stand  in  the  cold 
for  10  minutes,  after  which  5  grams  of  anhydrous  sodium  thio- 
sulfate  were  added  to  each  flask.  After  the  reaction  had  sub¬ 
sided,  gentle  heat  was  applied  until  the  mixture  blackened.  The 


flasks  were  cooled,  10  grams  of  potassium  sulfate  containing 
varying  amounts  of  catalyst  were  added  and  vigorous  heat  was 
applied.  After  the  digestion  mixture  had  cleared,  the  heat  was 
reduced  so  that  the  contents  of  the  flasks  boiled  gently,  and  only 
a  small  amount  of  sulfuric  acid  vapor  escaped  The  flasks  were 
then  cooled  and  125  ml.  of  distilled  water  added.  . 

To  the  diluted  and  cooled  digest,  165  ml.  of  3o  per  cent  sodium 
hydroxide  were  carefully  added,  so  that  two  distinct  layers  were 
formed  A  small  piece  of  low-melting  paraffin  and  several 
pieces  of  mossy  zinc  were  added  and  the  flasks  were  connected 
to  the  distillation  rack.  Davisson  (3)  distilling  bulbs  were  used. 
The  flasks  were  swirled  gently  to  mix  the  two  iayers  and  heat 
was  applied.  Distillation  was  continued  for  1  hour  after  boiling 
started,  and  the  distillate  was  collected  ^^OO-mh  Erlenmcyer 
flasks  containing  50  ml.  of  distilled  water  25  ml.  of  0^  hydro¬ 
chloric  acid,  and  4  drops  of  a  0.1  per  cent  solution  of  methyl  red 
At  the  end  of  the  distillation,  the  flasks  were  disconnected  and  the 
condensers  and  delivery  tubes  carefully  washed  out  with  dLs- 
tilled  water.  Titration  of  the  distillate  was  made  with  carbon¬ 
ate-free  0.1  N  sodium  hydroxide.  Blank  determmations  were 
rnn  and  suitable  corrections  applied. 


Three  different  catalysts  were  used:  selenium  alone, 
selenium  and  ferrous  sulfate  ( 1 ),  and  selenium  and  copper 
sulfate.  In  the  second  and  third  cases  the  amounts  omerrous 
sulfate  and  copper  sulfate  ranged  from  0.10  to  0.25  gram, 
whereas  the  selenium  was  varied  from  0.25  to  1.25  grams. 
Selenium  alone  ranged  from  0.1  to  1.25  grams. 

In  the  determination  of  nitro  compounds  by  the  Kjeldahl 
method,  reducing  agents  are  necessary  to  transform  mtro 
nitrogen  to  amino  nitrogen  which,  in  turn,  is  easily  con- 
verted  to  ammonium  sulfate.  Two  of  the  compounds  used 
in  this  investigation  contain  nitro  nitrogen,  and  for  this 
reason  salicylic  acid  and  sodium  thiosulfate  were  used  in  the 
digestion  mixture.  Table  I  shows  the  results  of  numerous 

digestions.  ,  .  . 

A  survey  of  these  results  shows  that  with  an  increase  ol 

selenium  there  appears  to  be  a  loss  of  nitrogen..  That  this 
follows  in  no  direct  ratio  to  the  amount  of  selemum  used  is 
also  evident.  The  limiting  amount  of  selenium  is  0.25 
gram,  whether  alone  or  in  combination  with  ferrous  sulfate 
or  copper  sulfate.  Even  with  0.25  gram  of  p-nitroamline, 
however,  selenium  alone  gave  low  results. 

It  may  be  concluded  from  these  results  that  the  quantity 
of  selenium  used  as  a  catalyst  should  not  exceed  0.25  gram. 
This  limit  also  applies  to  combinations  with  other  catalysts, 
such  as  ferrous  sulfate  or  copper  sulfate. 
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Methyl  Esters  of  the  Higher  Fatty  Acids 

Separation  of  Small  Quantities  by  Fractional  Distillation 

FLAVIUS  W .  WYMAN  AND  CHAS.  BARKENBUS,  University  of  Kentucky,  Lexington,  Ky. 


THE  separation  of  the  higher  saturated  fatty  acids  by 
fractional  distillation  of  the  acids  or  their  esters  has  been 
reported  frequently  in  the  literature.  It  has  been  shown  that 
distillation  of  the  esters  gives  more  satisfactory  results  than 
distillation  of  the  acids.  Most  of  the  analytical  work  on 
mixtures  of  higher  fatty  acids  has  been  done  by  fractionally 
distilling  large  quantities  of  the  methyl  or  ethyl  esters  ( 1 ,  2,  8, 
5,  7). 

Hilditch  (4)  states  that  in  the  analysis  of  a  mixture  of  fatty 
acids  by  distillation  of  their  methyl  esters,  the  accuracy  de¬ 
pends  to  a  large  extent  on  the  amount  of  material  used. 
According  to  Hilditch,  accurate  results  may  be  obtained  if  500 
grams  or  more  of  a  mixture  are  distilled,  though  he  does  not 
mention  the  efficiency  of  the  column  required  to  separate  the 
esters. 

In  many  oil  analyses  the  amount  of  saturated  acids  avail¬ 
able  for  fractional  distillation  is  too  small  to  give  accurate 
results.  The  recent  development  of  efficient  fractionating 
columns  with  small  holdups  has  offered  a  possible  solution  to 
this  problem.  The  purpose  of  work  reported  in  this  paper  was 
to  determine  the  accuracy  of  separation,  using  small  amounts  of 
known  mixtures  of  the  methyl  esters  of  the  higher  fatty  acids. 


It  is  seldom  possible  in  oil  analysis  to  start  with  known 
mixtures  for  testing  the  procedure.  Since  the  methyl  esters 
of  higher  saturated  fatty  acids  can  be  obtained  in  the  pure 
state,  mixtures  of  known  composition  could  be  readily  ob¬ 
tained  and  the  accuracy  determined  more  satisfactorily  than 
in  most  analyses  of  this  nature. 

Because  of  its  low  holdup  and  high  efficiency,  the  spinning- 
band  type  of  column,  described  by  Lesesne  and  Lochte  ( 6 ), 
was  used  for  this  investigation. 

The  spinning  band  was  38.5  cm.  long  and  with  the  head  the 
column  had  about  20  theoretical  plates  measured  with  benzene 
and  carbon  tetrachloride  at  total  reflux.  It  was  equipped  for 
vacuum  distillation  as  shown  in  Figure  1,  and  a  39-liter  (10- 
gallon)  drum  was  placed  in  the  system  to  keep  the  pressure  more 
constant  when  changing  fractions.  The  pot  and  column  were 
heated  electrically.  The  pot  had  a  capacity  of  about  20  ml.  and 
was  connected  to  the  column  by  a  ground-glass  joint.  This  joint 
and  the  three-way  stopcock  at  the  head  of  the  column  which 
came  in  contact  with  liquid  were  lubricated  by  finely  powdered 
graphite.  The  receivers  for  the  very  small  fractions  were  made 
by  cutting  the  ends  from  7.5-cm.  (3-inch)  soft-glass  test  tubes 
and  were  attached  to  the  delivery  arm  of  the  still  by  means  of  a 
piece  of  copper  wire. 

Purification  of  Materials 

Methyl  palmitate  and  methyl  stearate  were  obtained  from  the 
technical  grade  of  Eastman  methyl  stearate.  The  crude  methyl 
stearate  was  fractionated  through  a  10-plate  Podbielniak  column 
to  separate  the  methyl  stearate  and  methyl  palmitate.  These 
two  fractions  were  crystallized  from  acetone  at  —10°  C.  to 
separate  any  unsaturated  material  and  were  then  refractionated. 
Only  those  fractions  with  a  constant  index  of  refraction  were 
used  in  this  work. 

The  methyl  esters  of  caprylic,  capric,  lauric,  and  myristic  acids 
were  obtained  from  the  Eastman  Kodak  Company  and  were 
fractionated  through  the  spinning-band  type  of  column.  Only 
the  fractions  with  a  constant  index  of  refraction  were  used. 
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The  graphs  for  these  distillations  are  shown  in  Figure  2. 
A  search  of  the  literature  failed  to  find  the  index  of  refraction 
listed  for  these  methyl  esters  and,  for  the  sake  of  record,  they 
are  collected  in  Table  I.  It  was  found  that  for  a  range  of  1 0 
to  2°  the  change  in  index  with  temperature  was  4  parts  m  the 
fourth  decimal  place  with  each  degree  change  in  temperature. 


Longer  time  should  be  allowed  before  taking  off  fractions 
which  fall  between  the  flats  in  the  distillation  curves.  The 
size  of  the  fractions  removed  varied  from  0.020  to  0.200 
gram,  depending  on  when  they  were  taken.  Smallest  frac¬ 
tions  were  taken  between  flats,  so  that  a  sharp  rise  in  the  dis¬ 
tillation  curve  could  be  obtained.  Usually  the  column  went 


Procedure  of  Distillation 

Known  mixtures  of  the  purified  esters  were  prepared  and 
fractionally  distilled  and  the  composition  of  the  mixtures  was 
calculated  from  the  fractions  obtained. 

The  fractionations  were  followed  by  taking  the  refractive 
index  of  each  fraction  and  plotting  this  against  the  total  grams 
distilled.  The  refractive  index  was  taken  with  an  Abbe 
refractometer  at  45°  C.  and  the  index  was  read  on  each 
fraction  until  checking  results  were  obtained.  It  is  necessary 
to  have  the  temperature  controlled  accurately  during  the 
reading  of  the  refractometer,  and  several  readings  were  taken 
over  a  period  of  an  hour  to  be  sure  that  they  were  constant. 
In  the  case  of  a  mixture  of  methyl  palmitate  and  methyl 
stearate  the  difference  between  the  indices  of  the  two  esters  is 
only  0.0029.  Because  of  this  small  difference,  readings  agree¬ 
ing  approximately  to  1  part  in  the  fourth  place  are  essential 
in  order  not  to  introduce  too  large  an  error.  With  practice, 
and  with  well  controlled  conditions,  readings  to  less  than  2 
parts  in  the  fourth  place  could  be  obtained.  This  unavoid¬ 
able  error  is  not  so  large  for  the  other  esters.  The  analysis  of 
such  small  samples  by  determining  their  index  of  refraction  is 
a  much  better  procedure  than  determining  the  saponification 

value.  .  ,  ,  •  , 

The  quantity  of  the  mixture  distilled  each  time  was  from 
1.0  to  5.0  grams,  depending  upon  composition  of  the  mixture. 
With  binary  and  some  ternary  mixtures  1  to  2  grams  could  be 
used,  but  with  all  four-component  mixtures  and  some  of  the 
three-component,  if  a  small  percentage  of  any  component  was 
present,  it  was  necessary  in  most  cases  to  use  about  5  grams 
of  sample.  Fractionations  were  repeated  on  each  mixture 
until  a  flat  in  the  curve  was  obtained  for  each  component. 

The  total  analysis  of  each  mixture  was  calculated  by  assum¬ 
ing  that  the  distillate  coming  over  on  the  flat  portions  of  the 
curve  was  a  pure  ester  and  that  the  distillate  coming  over  be¬ 
tween  two  flats  was  a  binary  mixture  composed  of  the  pure 
esters  represented  by  the  flats. 


Table  I.  Index  of  Refraction  for  Methyl  Esters 


Esters 


n 


45°  C. 
D 


Methyl  stearate  1.4346 

Methyl  palmitate  1.4317 

Methyl  myristate  1.4281 


Esters  n  d 

Methyl  laurate  1.4220 

Methyl  caprate  1.4161 

Methyl  caprylate  1.4069 


The  operation  of  the  still  requires  very  careful  technique. 
It  was  found  that  the  difference  between  the  column  and  pot 
temperatures  could  vary  over  a  considerable  range,  the  mini¬ 
mum  difference  being  about  10°  and  the  maximum  about 
30°.  The  column  must  always  be  maintained  at  the  lowest 
temperature  that  will  cause  refluxing  of  the  liquid.  This  was 
determined  by  allowing  the  liquid  to  reflux  and  then  gradually 
lowering  the  column  temperature  until  refluxing  was  barely 
observed.  Even  slight  superheating  will  cause  a  poor  separa¬ 
tion.  The  temperature  was  held  at  this  minimum  until  the 
column  went  dry  and  when  this  point  was  reached  it  was  best 
to  flood  the  column  and  again  bring  the  temperatures  back  to 
the  minimum.  The  column  should  also  be  flooded  when  the 
fractionation  is  first  started  and  if  the  fractionation  is  stopped 
before  it  is  completed,  the  column  should  be  flooded  when  it  is 
started  again. 

Fractions  were  removed  at  1-  to  2-hour  intervals  and  oc¬ 
casionally  longer  time  was  allowed  for  the  mixture  to  reach 
equilibrium,  depending  on  the  mixture  being  fractionated. 


O  10  20  3.0  4.0  5  0 


1 43 25 


N- 

K 

X 

K 

Vl 

§ 

S 

<o 

o: 

o; 


/  43/5 


14305 


/  4295 


/  4285 


14275 


/ 

< 

<  > 

— ■ # - 

i  l - 

O 


0.5 


!0 


Figure  3.  Fractional  Distillation  of  Two-Com- 
ponent  Mixtures 


Upper. 

Center. 

Lower. 


Methyl  palmitate  and  methyl  stearate 
Methyl  myristate  and  methyl  palmitate 
Methyl  laurate  and  methyl  myristate 
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dry  at  the  end  of  a  flat  and  the  temperatures  had  to  be  raised 
and  regulated  again  before  the  fractionation  was  continued. 
The  time  required  to  complete  a  fractionation  may  be  36  to 
48  hours,  but  during  this  time  the  column  requires  very  little 
attention  and  the  fractionation  may  be  stopped  at  any  time 
and  continued  later. 
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GRAMS  DISTILLED 


Figure  4. 


Fractional  Distillation  of  Three-Com¬ 
ponent  Mixtures 


Upper. 

Lower. 


Methyl  myristate,  methyl  palmitate,  and  methyl  stearate 
Methyl  laurate,  methyl  myristate,  and  methyl  palmitate 


No  attempt  was  made  to  keep  the  pressure  constant  from 
one  distillation  to  the  next.  The  pressures  used  were  from  1 
to  3  mm.  of  mercury  except  for  the  fractionation  of  the  lower 
boiling  esters.  When  methyl  caprylate  or  caprate  was  present 
a  pressure  of  about  30  mm.  of  mercury  was  maintained  until 
they  were  removed,  in  order  to  minimize  the  loss  of  the  esters 
through  the  water  condenser  at  the  head  of  the  column. 


Results  of  Fractionation 


Table  II  and  Figures  3  to  5  show  the  results  obtained  for 
each  mixture  fractionated.  The  calculations  were  based  on 
the  amount  of  the  esters  recovered  with  the  exception  of  the 
highest  boiling  component.  Since  there  was  some  holdup  by 
the  still,  this  component  was  obtained  by  difference  after 
first  proving  its  nature  by  the  flat  in  the  curve.  This  method 
of  calculation  places  all  the  accumulated  errors  in  the  per¬ 
centage  composition  of  the  highest  boiling  component. 


Table  II. 

Results  Obtained  by  Fractionation  of  Mixtures 
of  Methyl  Esters 

Mixture 

Actual 

Determined 

Used 

Grams 

Composition 

Experimentally 

4.983 

40.4%  palmitate 

59.6%  stearate 

39.6%  palmitate 
60.4%  stearate 

2.161 

36.4%  myristate 

63.6%  palmitate 

35.3%  myristate 
64.7%  palmitate 

1.504 

21.8%  laurate 

78.2%  myristate 

21 .5%  laurate 
78.5%  myristate 

2.084 

11.9%  myristate 

10.5%.  palmitate 

77.6%  stearate 

11.3%  myristate 
10.6%  palmitate 
78.1%  stearate 

2.708 

26.4%  laurate 

17.5%.  myristate 

56.1%  palmitate 

26.4%  laurate 
17.8%  myristate 
55.8%  palmitate 

4.910 

3.01%  caprate 

7.04%  myristate 

4.97%  palmitate 

84.97%  stearate 

1.75%  caprate 
6.74%  myristate- 
4.79%  palmitate 
86.72%  stearate 

The  main  source  of  error  seems  to  be  in  the  most  volatile 
fraction.  The  long  time  necessary  to  remove  any  fraction 
causes  a  greater  loss  to  appear  in  the  more  volatile  component. 
An  inspection  of  the  results  shows  that  the  first  and  last 
fractions  have  the  greatest  error,  the  error  in  the  high-boiling 
component  being  due  primarily  to  the  method  of  calculation. 
When  the  percentage  composition  of  any  component  is  small 
the  error  is  much  larger.  No  mixtures  containing  less  .than 
3  per  cent  of  any  component  were  used  but  it  seems  reasonable 
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SO 


Figure  5.  Fractional  Distillation  of  Methyl 
Caprate,  Methyl  Myristate,  Methyl  Palmitate, 
and  Methyl  Stearate  Mixture 


Upper.  First  fractionation 
Lower.  Second  fractionation 
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that,  by  increasing  the  amount  of  the  mixture,  analysis  could 
be  made  where  a  component  is  present  in  less  than  this 

None  of  the  binary  mixtures  was  particularly  difficult  to 
separate.  With  the  three-component  mixture,  methyl 
myristate,  methyl  palmitate,  and  methyl  stearate,  it  was 
difficult  to  obtain  a  flat  for  the  methyl  palmitate.  The  re¬ 
sults  given,  however,  check  fairly  close  to  the  actual  com¬ 
position  of  the  mixture.  The  mixture  of  methyl  laurate, 
methyl  myristate,  and  methyl  palmitate  was  satisfactorily 
separated  on  the  first  fractionation. 

Only  one  four-component  mixture  was  fractionated.  With 
this  mixture  the  operator  did  not  know  which  esters  were 
present.  The  first  fractionation,  represented  in  Figure  5 
(upper),  served  as  a  guide  for  the  second  fractionation  shown 
in  Figure  5  (lower).  The  first  fractionation  gave  a  flat  for 
methyl  caprate,  methyl  myristate,  and  methyl  stearate  and 
also  an  indication  that  some  methyl  palmitate  was  present. 
The  second  fractionation  gave  a  flat  for  methyl  myristate, 
methyl  palmitate,  and  methyl  stearate.  Combining  the  two 
fractionations  it  was  evident  that  the  mixture  contained  all 
four  esters.  The  analysis  was  calculated  on  the  second 
fractionation  because  it  was  believed  that  some  of  the  low- 
boiling  methyl  caprate  was  lost  through  the  condenser  at  the 
head  of  the  column  on  the  first  fractionation.  Although 
there  was  some  loss  of  caprate  in  the  second  fractionation, 
it  was  not  so  great  as  that  in  the  first.  The  saponification 
equivalent  of  the  mixture  as  calculated  from  the  actual  com¬ 


position  was  285.6,  and  from  the  composition  determined 
experimentally  it  was  287.8. 

Summary 

The  methyl  esters  of  caprylic,  capric,  lauric,  myristic, 
palmitic,  and  stearic  acids  have  been  purified  and  their  refrac¬ 
tive  indices  determined.  Small  quantities  of  known  mixtures 
of  these  esters  have  been  fractionally  distilled  through  a 
spinning-band  column  and  their  composition  has  been  deter¬ 
mined.  With  the  exception  of  the  more  volatile  esters  the 
analyses  are  fairly  accurate,  considering  the  difficulty  con¬ 
nected  with  separating  such  mixtures.  In  oil  analyses  vhere 
only  small  quantities  of  these  acids  are  available  this  method 
offers  for  the  first  time  a  convenient  and  fairly  accurate 
method  of  analysis. 
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Determination  of  Carbon  Monoxide 

PyrogaUic-Tannic  Acid  Method  as  Adapted  to  Standard  Gas  Analysis  Equipment 

FRED  COOK,  Bituminous  Casualty  Corporation,  Rock  Island,  Ill. 


A  method  is  described  for  the  determina¬ 
tion  of  carbon  monoxide  in  concentrations 
of  0.10  to  0.002  per  cent.  The  apparatus  is 
designed  as  an  accessory  to  standard  gas 
analysis  equipment  and  requires  a  special 
set  of  color  standards  in  addition  to  regu¬ 
larly  available  laboratory  devices.  The 
determination  may  be  run  either  inde¬ 
pendently  or  simultaneously  with  other  gas 
analysis. 


WITH  ordinary  gas  analysis  apparatus  the  lower  limit  of 
concentration  .that  may  be  measured  with  certainty  is 
0.1  per  cent.  In  the  case  of  carbon  monoxide  this  limit  is 
not  low  enough  to  detect  quantities  that  are  dangerous  to 
health,  to  permit  following  the  progress  of  mine  fires  m  sealed 
sections  to  their  extinction,  or  to  ensure  the  absence  of  carbon 
monoxide  in  industrial  gases  where  small  quantities  of  this 
substance  are  undesirable. 

The  device  described  here  is  essentially  the  “pyro-tannic 
acid  method”  for  determination  of  carbon  monoxide  in  air 
as  described  by  Sayers  and  Yant  (J)  in  1927,  incorporated 
as  an  accessory  to  standard  gas  analysis  equipment.  Several 
advantages  are  obtained  by  this  modification. 

The  method  of  Sayers  and  Yant  is  based  on  the  formation 
of  a  stable  colored  suspension  by  the  addition  of  a  small 
amount  of  pyro-tannic  (equal  parts  of  pyrogallic  and  tannic) 


acid  to  a  water-blood  solution  which  has  been  partly  or  com¬ 
pletely  saturated  with  carbon  monoxide.  The  procedure 
recommended  involves  collecting  a  250-cc.  sample  of  carbon 
monoxide-contaminated  air  through  a  soda-lime  tube  into  a 
dry  sample  bottle.  A  small  quantity  of  20  to  1  blood  solu¬ 
tion  is  added  to  the  bottle  and  shaken  for  20  minutes  to  en¬ 
sure  equilibrium.  The  solution  is  transferred  to  a  small  tube, 
pyro-tannic  acid  added,  and  the  blood  saturation  measured 
by  comparison  with  color  standards.  The  amount  of  carbon 
monoxide  in  the  air  is  calculated  from  the  blood  saturation 

and  the  oxygen  content  of  the  air.  , 

This  method  is  very  well  suited  for  field  work  where  on-the- 
spot  information  is  desired  as  to  the  presence  of  small  quan¬ 
tities  of  carbon  monoxide  in  air  that  is  known  to  contain  be¬ 
tween  19  and  21  per  cent  of  oxygen.  The  method  was  de¬ 
vised  as  a  test  of  the  purity  of  air  to  be  used  for  breathing  and 
the  authors  claim  an  accuracy  of  0.005  to  0.030  per  cent  in 
concentrations  of  0.010  to  0.200  per  cent  of  carbon  monoxide. 
Work  in  the  writer’s  laboratory  corroborates  this  accuracy. 

For  general  application  in  laboratory  gas  analysis  this 
procedure  is  objectionable  because  the  sample  must  be  col¬ 
lected  in  a  dry  bottle  of  limited  size.  The  sample  is  rendered 
unfit,  for  analysis  of  other  gases  by  the  necessity  of  opening 
the  bottle  in  the  laboratory,  and  the  oxygen  content  of  the 
sample  must  be  known  within  reasonable  limits.  An  inspec¬ 
tion  of  Equation  2  will  illustrate  the  importance  of  accurate 
data  on  the  oxygen  content. 

When  used  with  the  device  described .  here  a  sample  col¬ 
lected  by  any  method,  wet  or  dry,  is  satisfactory  About  a 
100-cc.  portion  is  needed  for  the  carbon  monoxide  analysis, 
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and  any  additional  amount  may  be  used  for  other  analysis. 
While  the  lower  limit  that  may  be  measured  in  air  containing 
21  per  cent  of  oxygen  is  0.007  per  cent,  if  the  oxygen  is  reduced 
to  6  per  cent  by  partial  absorption,  as  little  as  0.002  per  cent 
of  carbon  monoxide  may  be  detected. 

Apparatus 

The  apparatus  is  connected  through  capillary  tubing  to  the 
manifold  of  a  gas  analysis  apparatus.  The  only  available  outlet 
on  the  manifold  may  be  the  intake  port  and  Figure  1  shows  a 
convenient  arrangement  for  connecting  the  apparatus  to  the 
intake  port.  The  details  are  essentially  as  illustrated. 


The  large  bottle  forms  a  reservoir  for  the  gas  sample  by  dis¬ 
placing  its  contents  of  acidified  water  into  the  leveling  bulb  as 
the  sample  is  transferred  to  the  bottle  from  the  Orsat  buret. 
The  leveling  bulb  is  mounted  on  a  vertical  rod,  so  that  it  may  be 
lowered  if  necessary  to  facilitate  the  transfer  of  the  sample  into  a 
bottle,  and  an  adjustment  of  its  height  is  helpful  in  regulating  the 
rate  of  passing  the  sample  through  the  absorption  cell.  A  sec¬ 
tion  of  the  absorption  cell  is  shown.  It  consists  of  a  15-cm.  (6- 
inch)  length  of  8-mm.  glass  tubing  with  a  2.5-cm.  (1-inch)  bulb 
blown  just  one  side  of  center.  The  bulb  is  necessary  to  prevent 
loss  of  solution  due  to  foaming;  it  may  be  necessary  to  wax  the 
interior  of  the  bulb  for  the  same  purpose.  This  absorption 
cell  is  joined  by  a  piece  of  rubber  tubing  (at  B )  to  a  short  length 
of  glass  tubing  that  has  a  sintered  glass  disk  fused  into  the  top. 
This  disk  should  be  of  porosity  that  will  pass  the  sample  under  a 
head  of  several  feet  of  water  but  will  not  pass  the  solution  as  it 
stands  in  the  absorber.  The  unit  is  joined  by  a  second  piece  of 
rubber  tubing  (at  A)  to  the  sample  reservoir. 

Beef  blood  is  satisfactory  for  the  analysis  and  is  available 
at  packing  houses  and  butcher  shops.  If  desired,  blood  of 
guinea  pigs,  white  rats,  or  humans  may  be  substituted.  A 
quantity  of  blood,  prevented  from  coagulating  by  the  addi¬ 
tion  of  a  pinch  of  potassium  citrate,  may  be  preserved  for 
several  weeks  in  a  refrigerator.  The  20  to  1  water-blood 
solution  that  is  used  in  the  test  will  keep  only  a  few  days  at 
room  temperature.  Pyro-tannic  acid  is  prepared  by  grinding 
in  a  mortar  equal  weights  of  pyrogalhc  and  tannic  acids.  A 
small  spoon  for  adding  the  pyro-tannic  acid  (about  0.04 


gram)  may  be  blown  from  3-mm.  glass  tubing.  Color  stand¬ 
ards  in  steps  of  10  per  cent  blood  saturation  may  be  pre¬ 
pared  from  pigments  by  comparison  with  blood  saturated 
with  air-carbon  monoxide  mixtures  of  known  concentration, 
or  a  set  may  be  purchased  (Mine  Safety  Appliances  Co., 
Pittsburgh,  Penna.). 

Method  of  Operation 

The  gas  sample  to  be  analyzed  is  drawn  into  the  buret  of  the 
apparatus.  If  hydrogen  cyanide  or  hydrogen  sulfide  is  present, 
it  must  be  removed  in  the  caustic  pipet,  as  these  gases  interfere 
with  the  color  of  the  blood  solution.  The  sample  is  then  trans¬ 
ferred  into  the  sample  reservoir,  as  shown  in  Figure  1,  2  cc.  of  20  to 
1  blood  solution  are  added  to  absorber,  and  the  sample  is  slowly 
bubbled  through  the  solution.  It  requires  about  15  minutes  to 
pass  the  sample  through  the  absorber  and  this  time  may  be  used 
for  the  analysis  of  other  constituents  of  the  gas  mixture;  informa¬ 
tion  on  the  oxygen  content  is  needed  for  the  calculations. 

After  the  gas  has  been  passed  through  the  absorber,  the  blood 
solution  is  transferred  to  a  3-cc.  test  tube,  0.04  gram  of  pyro- 
tannic  acid  is  added,  and  the  mixture  is  shaken  and  allowed  to 
stand  for  30  minutes,  at  which  time  it  is  compared  with  the  color 
standards.  It  is  convenient  to  make  up  a  blank  from  unsatu¬ 
rated  blood  solution  to  use  as  a  check  for  zero  saturation.  It  may 
be  necessary  to  add  or  remove  oxygen  from  the  gas  sample  in 
order  to  change  the  sensitivity  range  of  the  analysis.  Normal 
air  (21  per  cent  oxygen)  is  suitable  for  concentrations  of  carbon 
monoxide  between  0.008  and  0.1  per  cent.  Between  0.01  and 
0.002  per  cent  it  is  necessary  to  reduce  the  oxygen  to  6  per  cent  by 
partial  absorption  in  the  alkaline  pyrogallic  acid  pipet.  For  this 
purpose  only  fresh  pyrogallic  solution  should  be  used,  as  after 
absorbing  oxygen  the  solution  gives  off  traces  of  carbon  monoxide 
that  may  interfere  with  the  results. 

Table  I  illustrates  the  accuracy  of  the  method  and  the 
effect  of  reducing  the  oxygen  content  of  the  sample. 


Table  I.  Comparison  of  Results 


CO 

from  Gas 

V  olumes 

02 

in 

Mixture 

CO 

Found  by 
Analysis 

Deviations 

% 

% 

% 

% 

0.10 

21 

0.11 

0.01 

0.05 

21 

0.046 

0.004 

0.025 

21 

0.030 

0.005 

0.025 

12 

0.025 

0.000 

0.010 

21 

0.007 

0.003 

0.010 

12 

0.010 

0.000 

0.005 

21 

0.00 

0.005 

0.005 

12 

0.004 

0.001 

0.005 

6 

0.005 

0.000 

0.002 

12 

0.000 

0.002 

0.002 

6 

0.002 

0.000 

Calculations  are  based  on  the  fact  that  the  affinity  of 
carbon  monoxide  for  the  hemoglobin  of  the  blood  is  300  times 
that  of  oxygen.  At  equilibrium  the  expression  may  be 
written: 


or 


P02  X  HbCO  _  300 
PCO  X  Hb02  1 


%CO 


%HbCO  %Os 

100-%  HbCO  A  300 


(1) 

(2) 


It  is  obvious  that  lowering  the  percentage  of  oxygen  in  the 
mixture  reduces  the  lower  limit  of  carbon  monoxide  that 
may  be  determined.  This  may  be  carried  only  so  far  as  the 
amount  of  carbon  monoxide  in  the  sample  is  sufficient  to 
produce  saturation  of  the  blood  solution  at  equilibrium.  The 
amount  of  blood  used  in  the  test  (0.1  cc.)  requires  0.0185  cc. 
of  carbon  monoxide  for  100  per  cent  saturation.  The  lower 
limit  of  blood  saturation  that  can  be  detected  is  10  per  cent. 
This  limits  to  about  0.002  per  cent  the  carbon  monoxide  that 
may  be  determined  in  a  100-cc.  sample. 
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Studies  of  Organic  Reagents  and  Methods 

Involving  Their  Use 

Precipitation  of  Bismuth,  Zinc,  and  Vanadium  with  Salicylaldoxime 

JOHN  F.  FLAGG1  and  N.  HOWELL  FURMAN 
Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


THIS  paper  presents  observations  upon  the  precipitation 
of  bismuth  with  salicylaldoxime  and  also  upon  the  quan¬ 
titative  estimation  of  zinc  in  the  form  of  its  monosalicylal- 
doxime  salt.  There  are  included  some  notes  upon  the  black 
precipitate  that  is  produced  by  salicylaldoxime  in  vanadic  acid 
solutions. 

Materials  and  Apparatus 


quantitative  experiments  in  which  not  more  than  95  per  cent 
of  the  bismuth  was  recovered.  Precipitation  was  complete 
in  all  cases  in  which  the  pH  of  the  supernatant  liquid  was  be¬ 
tween  7.2  and  9.5  and  that  of  the  filtrate  from  7.2  to  9.4. 

Quantitative  recovery  of  bismuth  was  demonstrated  by 
weighing  the  bismuth  oxide  after  precipitation  at  pH  7.2, 
8.2,  8.8,  and  9.5  and  by  qualitative  tests  on  the  filtrate  at  pH 
8.2’  8.5’  9.0,  and  9.1. 


The  salicylaldoxime  used  in  the  precipitation  of  bismuth  and 
zinc  was  a  preparation  obtained  from  the  Eastman  Kodak  Com- 
Dany  A  product  recrystallized  from  benzene-petroleum  ether 
mixture  was  used  in  the  preparation  of  the  vanadium  compound. 
The  solutions  of  the  oxime  were  made  by  dissolving  1  gram  ot  tne 
oxime  in  5  ml.  of  alcohol  and  diluting  to  100  ml. 

Bismuth  nitrate  of  reagent  grade  containing  not  more  than  1 
Dart  per  1000  of  nonvolatile  impurities  was  used  in  preparing 
solutions.  These  were  standardized  by  evaporating  measured 
portions  and  igniting  the  residue  to  bismuth  trioxide,  which  was 
weighed.  The  average  of  four  concordant  determinations  was 
used.  In  some  of  the  experiments  “specpure”  bismuth  obtained 
from  Adam  Hilger  (certified  to  contain  99.998  per  cent  of  bis¬ 
muth)  was  used.  . ,  .  ,  ,  „„ 

Zinc  of  known  purity  and  vanadic  acid  of  reagent  grade  were 
used  in  the  preparation  of  solutions.  Other  reagents  am¬ 
monium  nitrate,  acids,  alkalies,  etc.— were  of  reagent  gra  e- 
A  Beckman  pH  meter  with  glass  electrode  assembly,  frequently 
tested  against  carefully  prepared  standard  buffers,  was  used 
for  the  pH  measurements.  Recently  calibrated  weights  and 
volumetric  ware  were  used. 


Gravimetric  Determination  of  Bismuth 


It  was  observed  in  the  course  of  qualitative  studies  {2)  that 
if  salicylaldoxime  was  added  to  an  acidified  bismuth  solution, 
followed  by  sufficient  ammonia  to  make  the  solution  alkaline, 
a  yellow  precipitate,  obviously  different  from  the  common 
basic  salts  of  bismuth,  was  obtained.  Precipitation  of  the 
bismuth  was  quantitative,  as  revealed  by  testing  the  filtrates 
with  hydrogen  sulfide.  A  blank  test  with  0.1  mg.  or  less  0 
bismuth  proved  that  salicylaldoxime  did  not  interfere  with 
the  formation  of  bismuth  sulfide  in  either  alkaline  or  acidic 
solutions. 


pH  Range  for  Complete  Precipitation.  A  series  of  tests 
was  made  in  which  0.0325  gram  of  bismuth  was  present  per 
100  ml.  of  the  solution  which  contained  1  gram  of  ammonium 
nitrate,  10  ml.  of  salicylaldoxime,  and  enough  nitric  acid  to  pre¬ 
vent  hydrolysis.  Each  solution  was  warmed  to  50  L ana  0  iv 
ammonia  was  added  until  the  precipitate  barely  formed,  or  until 
the  solution  had  a  distinct  yellow  color.  The  solutions  were 
stirred  mechanically.  Apparently  the  basic  salt  which  begins  to 
form  at  pH  3.4  is  converted  more  or  less  completely  into  the 
salicylaldoxime  complex  at  pH  7  or  slightly  higher.  In  some 
cases  the  bismuth  complex  was  filtered  and  then  converted  to 
bismuth  oxide  and  weighed. 


The  yellow  precipitate  appears  to  form  between  pH  6.7 
and  7.0;  this  point  is  difficult  to  determine  accurately,  since 
more  or  less  of  the  white  basic  salt  tends  to  form  at  pH  3.4. 
The  solution  turns  yellow  when  the  bismuth  salicylaldoxime 
forms.  Precipitation  is  not  complete  at  pH  6.7  to  6.9,  as 
shown  by  tests  of  the  filtrate  with  hydrogen  sulfide  and  by 

1  Present  address,  Department  of  Chemistry,  University  of  Rochester, 
Rochester,  N.  Y. 


Table  I.  Determination  of  Bismuth  after  Precipitation 
with  Salicylaldoxime 


Bismuth 

Bismuth 

Present 

Found 

Gram 

Gram 

0.0009 

0.0009 

0 . 0009 

0 . 0007 

0.0109 

0.0108 

0.0109 

0.0109 

0.0325 

0.0326 

0.0325 

0.0325 

0.0551 

0.0550 

0.0551 

0 . 0550 

ifference 

Bismuth 

Present 

Mg. 

Gram 

0.0 

0.1094 

-0.2 

0.1094 

-0.1 

0.0109“ 

0.0 

0.0109“ 

0.1 

0. 01096 

0.0 

0.0109& 

-0.1 

0.00096 

-0.1 

0.00096 

Bismuth 

Found 

Difference 

Gram 

Mg. 

0.1093 

-0.1 

0.1092 

-0.2 

0  0109 

0.0 

0.0107 

-0.2 

0.0111 

0.2 

0.0108 

-0.1 

0.0011 

0.2 

0.0010 

0.1 

“  Solution  also  contained  0.05  gram  of  zinc. 
b  Solution  also  contained  0.05  gram  of  silver. 


Character  of  Precipitate.  The  precipitate  coagulates 
and  filters  well,  and  appears  to  be  insoluble  at  still  higher  pH 
values  than  those  readily  measurable  with  the  glass  electrode. 
The  complex  steadily  loses  weight  at  110°  C.  for  periods  as 
long  as  16  hours.  Carefully  washed  samples  of  the  precipitate 
were  dried  to  constant  weight  in  a  vacuum  desiccator;  the 
organic  matter  was  then  destroyed  with  the  aid  of  nitric  acid, 
after  which  the  bismuth  was  weighed  as  the  trioxide.  The 
average  bismuth  content  of  the  material  was  57.3  per  cent. 
This  percentage  is  close  to  that  of  the  hypothetical  sub- 
stance  (C7H502N)Bi0H,  which  would  contain  57.88  per  cent 
of  bismuth.  The  simplest  method  of  dealing  with  the  pre¬ 
cipitate  for  quantitative  work  is  to  convert  it  to  bismuth 
trioxide. 


Recommended  Procedure 

To  the  solution  containing  not  more  than  0.1  gram  of  bismuth 
oer  100  ml.,  1  gram  of  ammonium  nitrate  is  added,  followed  by 
15  ml.  of  the  1  per  cent  salicylaldoxime  reagent  for  each  0.1  gram 
of  bismuth  expected  to  be  present.  The  solution  is  heated  to 
50°  C  and  stirred  thoroughly.  Then  6  N  ammonia  is  added  until 
the  solution  has  a  pH  at  least  as  high  as  7.2,  and  preferably  of  9 
or  10,  when  separating  bismuth  from  silver  or  zinc,  respective  y. 
After  stirring  for  10  minutes,  the  precipitate  is  allowed  to  settle 
and  is  collected  in  a  weighed  porcelain  filter  crucible.  Mter 
thorough  washing  with  1  M  ammonia,  the  precipitate  is  dried 
for  30  minutes  at  110°  C.  Then  0.3  gram  of  pure  ammonium 
nitrate  is  added  to  aid  in  decomposing  the  organic  matter 
The  crucible,  placed  within  a  larger  porcelain  crucible,  is  heated 
gently  and  gradually  until  the  organic  matter  is  destroyed,  and 
finally  at  the  full  temperature  of  a  Fisher  burner,  repeating  the 
ignitions  to  constant  weight. 

The  results  of  a  few  simple  determinations  as  well  as  of  a 
few  separations  of  bismuth  from  silver  or  zinc  are  given  in 

Table  I. 

Bismuth  may  be  separated  from  silver  and  zmc  by  the 
salicylaldoxime  procedure.  Other  possibilities  that  have  not 
been  tested  are  the  separation  of  bismuth  from  cadmium, 
nickel,  or  cobalt,  since  the  salicylaldoxime  compounds  of 
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these  metals  are  soluble  in  concentrated  ammonia.  Attempts 
were  made  to  separate  bismuth  from  lead  in  ammoniacal 
citrate,  tartrate,  and  acetate  solutions.  In  the  former  in¬ 
stances  neither  metal  was  precipitated;  in  the  acetate  solu¬ 
tion  both  were  precipitated  although  the  precipitation  of  the 
lead  was  not  quantitative. 

Determination  of  Zinc,  Using  Salicylaldoxime 

The  first  mention  of  the  precipitation  of  zinc  with  sali¬ 
cylaldoxime  appears  in  Ephraim’s  paper  ( 1 ).  Pearson  ( 6 ) 
indicated  the  properties  of  the  complex  which  is  precipitated 
at  a  definite  pH  and  concluded  that  the  precipitate  is  un¬ 
suited  for  the  gravimetric  determination  of  zinc.  The  au¬ 
thors’  studies,  which  were  completed  prior  to  the  publication 
of  Pearson’s  paper,  reveal  the  existence  of  a  second  compound 
of  the  reagent  with  zinc  that  has  more  desirable  qualities  for 
quantitative  purposes. 

In  solutions  of  pH  7  to  8  it  is  possible  to  obtain  the  com¬ 
pound  Zn(C7H602N)2  which  contains  19.36  per  cent  of  zinc. 
This  compound  has  the  properties  reported  by  Pearson  ( 6 ) 
for  the  salicylaldoxime  salt  of  zinc.  Attempts  to  weigh  zinc 
in  this  form  give  extremely  variable  results,  depending  upon 
time  of  standing  before  filtration,  etc. 

The  freshly  precipitated  zinc  salicylaldoxime  undergoes  a 
significant  transformation  if  allowed  to  stand  on  a  hot  plate 
or  steam  bath  for  10  minutes  in  contact  with  the  solution  at 
90°  to  100°  C.  The  original  voluminous  precipitate  becomes 
dense  and  curdy.  After  filtration  and  washing  the  precipitate 
may  be  dried  for  several  hours  at  110°  C.  without  loss  in 
weight,  although  an  hour  is  sufficient  for  drying.  The  dense 
product  contained  according  to  analysis  32.50  per  cent  of 
zinc.  This  value  corresponds  closely  to  the  formula  Zn- 
(C7H602N),  or  32.61  per  cent  of  zinc.  The  theoretical  factor, 
0.3261,  was  used  in  the  following  determinations: 


Zinc 

Compound 

Zinc 

Present 

Found 

Found 

Error 

Gram 

Gram 

Gram 

Mg. 

0.0097 

0.0297 

0.0097 

0.0 

0.0250 

0.0767 

0.0250 

0.0 

0.0303 

0.0931 

0.0304 

0.1 

0.0307 

0.0945 

0.0308 

0.1 

0 . 0404 

0.1242 

0.0405 

0.1 

0.0470 

0.1448 

0 . 0472 

0.2 

0.0499 

0.1541 

0.0502 

0.3 

0.0638 

0.1961 

0 . 0639 

0.1 

0.0741 

0 . 2270 

0 . 0740 

-0.1 

0.0768 

0  2365 

0.0771 

0.3 

Experiments  with  the  determination  of  pH  by  glass 
electrode  technique  showed  that  the  first  turbidity  due  to 
zinc  salicylaldoxime  appears  in  the  range  pH  6.2  to  6.8  with 
amounts  of  zinc  ranging  from  0.0125  to  0.0250  gram  per  100 
ml.  The  precipitate  redissolves  at  pH  8.8  to  9.4.  Pearson 
(6)  reported  pH  values  of  6.5  and  8.5  for  these  points,  but 
he  dealt  primarily  with  the  compound  Zn(C7H602N)2.  The 
precipitation  of  the  monosalicylaldoxime  compound  is  com¬ 
plete  between  pH  7  and  8. 

The  procedure  was  further  tested  by  determining  zinc 
after  the  removal  of  copper  in  acetic  acid  solutions  with 
salicylaldoxime.  The  same  range  of  errors  was  found  as  for 
pure  zinc  solutions.  Also  in  a  Bureau  of  Standards  brass  con¬ 
taining  27.09  per  cent  of  zinc,  the  salicylaldoxime  method  for 
weighing  the  zinc  gave  26.94,  26.95,  27.10,  and  26.99  per  cent 
after  removal  of  the  other  elements  by  conventional  pro¬ 
cedures. 

Cadmium  ion  forms  a  precipitate  with  salicylaldoxime 
under  the  same  conditions  as  zinc,  but  the  precipitate  is  more 
difficult  to  filter,  and  upon  continued  drying  there  is  an  odor 
of  salicylaldoxime,  indicating  either  decomposition  or  trans¬ 
formation  from  the  di-  to  the  monosalicylaldoxime  com¬ 
pound.  The  weight  of  precipitate  is  intermediate  between 
that  to  be  expected  if  the  precipitate  were  Cd(C7H602N)2  or 
CdC7H502N. 


Precipitation  of  Vanadic  Acid  by  Salicylaldoxime 

The  qualitative  observation  of  the  formation  of  a  black  pre¬ 
cipitate  upon  addition  of  salicylaldoxime  to  a  solution  of  va¬ 
nadic  acid  has  been  noted  (8).  Relatively  few  complexes  of 
vanadic  acid  and  organic  molecules  have  been  reported.  The 
cupferron  precipitate  has  long  been  used  in  analysis  (8). 
Montequi  and  Gallego  ( 5 )  prepared  compounds  of  8-hydroxy- 
quinoline  and  vanadic  acid,  and  a  complex  of  vanadic  acid 
and  pyridine  has  been  described  by  Katzoff  and  Roseman 
(8). 

The  addition  of  a  1  per  cent  salicylaldoxime  solution  in 
slight  excess  to  vanadic  acid-sulfuric  acid  solution  produces  a 
black  precipitate,  but  the  vanadium  is  not  quantitatively  re¬ 
moved.  From  25  to  50  per  cent  of  the  vanadium  is  precipi¬ 
tated  from  a  solution  0.02  N  in  sulfuric  acid;  60  to  75  per  cent 
of  the  vanadium  is  removed  at  acidities  from  0.05  to  1.0  N; 
in  2  N  sulfuric  acid  solution  only  35  per  cent  of  the  vana¬ 
dium  is  precipitated.  The  black  compound  may  be  dried 
without  decomposition  at  110°  C.  After  drying  it  is  not 
wetted  readily  by  liquids,  but  may  be  dissolved  by  boiling 
the  liquids.  While  still  moist  the  substance  is  soluble  in 
ether,  alcohol,  chloroform,  acetone,  water,  acids,  and  alkalies. 
The  material  was  not  obtained  in  crystalline  form.  The  vana¬ 
dium  of  the  compound  appears  to  be  in  the  vanadic  state.  If 
a  little  of  the  substance  is  dissolved  in  diluted  sulfuric  acid 
a  blue  color  is  produced  only  upon  adding  reducing  agents. 
The  compound  decomposes  explosively  at  195°  to  200°  C. 

Carefully  washed  and  dried  preparations  were  analyzed 
for  carbon  and  hydrogen  by  the  ter  Meulen  semimicro¬ 
method  (4),  for  nitrogen  by  the  Kjeldahl  procedure  (7),  and 
for  vanadium  gravimetrically  as  oxide.  The  following  re¬ 
sults  were  obtained: 


Carbon,  %  42.45,42.88,42.60 

Hydrogen,  %  3.71,  3.52,  3.64 

Nitrogen,  %  7.20,  7.30,  7.00 

Vanadium,  %  18 . 40,  18 . 57,  18 . 48 

Oxygen,  by  difference,  % 


At.  42.64 
Av.  3.62 
At.  7.16 
Av.  18.48 
28.10 


The  average  values  point  to  a  ratio  of  three  salicylaldoxime 
molecules  to  two  atoms  of  vanadium,  and  correspond  ap¬ 
proximately  to  the  empirical  formula:  C21H21N3O10V2. 

As  little  as  0.02  mg.  of  vanadium  as  vanadic  acid  in  15  ml. 
of  solution  may  be  detected  by  adding  salicylaldoxime,  then 
1  ml.  of  chloroform,  and  shaking.  The  complex  is  extracted 
to  give  an  orange  color;  with  larger  amounts  of  vanadium  the 
chloroform  layer  becomes  reddish  orange.  Ferric  iron  under 
these  conditions  gives  a  similar  test.  Molybdenum  and 
chromium  do  not  interfere  with  this  qualitative  test  for 
vanadium. 


Summary 

Bismuth  may  be  precipitated  quantitatively  by  salicylal¬ 
doxime  in  solutions  of  pH  7.2  to  9.4  or  higher;  silver  and  zinc 
are  not  precipitated  with  the  bismuth  at  pH  values  of  9  or 
higher.  The  bismuth  compound  is  not  weighable  and  the 
compound  is  therefore  ignited  to  bismuth  trioxide  before 
weighing. 

Zinc  is  precipitated  quantitatively  by  salicylaldoxime  at  pH 
7  to  8.  The  compound  Zn(C7H602N)2  is  converted  into 
ZnC7H502N  by  heating  for  10  minutes  at  90  °  to  100°  C.  before 
filtration.  The  latter  compound  is  a  stable  weighing  form  to 
which  the  theoretical  factor  0.3261  may  be  applied. 

Cadmium  under  like  conditions  is  precipitated,  but  the 
precipitate  appears  to  be  a  variable  mixture  of  the  mono- 
and  disalicylaldoxime  compounds  and  is  unsuited  for  weigh¬ 
ing. 

Vanadic  acid  is  precipitated  partially  by  salicylaldoxime 
in  solutions  containing  free  sulfuric  acid.  The  substance  con¬ 
tains  salicylaldoxime  and  vanadium  in  the  ratio  3  molecules  to 
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2  atoms,  the  approximate  formula  of  the  complex  being 

C21H21N3O10V0. 
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Colorimetric  Determination  of  Phosphate 

S.  R.  DICKMAN  AND  R.  H.  BRAY,  Illinois  Agricultural  Experiment  Station,  l  rbana.  Ill. 


A  colorimetric  method  for  phosphates  is 
described  which  employs  a  molybdate- 
hydrochloric  acid  solution  instead  of  a 
molvbdate-sulfuric  acid  solution.  This 

method  is  not  affected  by  chlorides  or  by 
ferric  ion  up  to  15  p.  p.  m.  Fading  is  less 
rapid  than  with  most  methods.  The 

method  is  applicable  for  phosphate  deter¬ 
minations  in  soil  fusions,  hydrochloric  acid 
extracts  of  soils,  water  analyses,  oceano¬ 
graphic  analyses,  plant  oxidations  in  which 
the  sample  is  taken  up  in  hydrochloric 
acid,  and  biological  determinations. 

THE  reduction  of  phosphomolybdic  acid  with  stannous 
chloride  to  form  a  blue  solution  was  first  reported  by 
Osmond  in  1887  (9) .  Deniges  m  1920  (3)  modified L  the *  condi¬ 
tions  to  make  the  reaction  more  nearly  O^ntitativeand 
since  that  time  a  large  number  of  further  modifications  have 
been  published.  Although  Deniges  used  hydrochloric  acid 
as  well  as  sulfuric  acid  in  preliminary  studies,  his  final  pro¬ 
cedure  as  well  as  all  modifications  that  have  been  suggested 
subsequently,  employs  sulfuric  acid.  However  no  reason  for 
the  nonuse  of  hydrochloric  acid  has  been  published. 

A  review  of  the  literature  pertaining  to  the  determination  of 
phosphates  in  various  substances  reveals  that  at  the  presen 
time  two  methods  are  in  general  use-that  of  Truog  a 
Meyer  (IS)  and  that  of  Kuttner  (7,  8)  as  modified  by 

YOIfItheUconcentration  of  reagents  in  the  final  dilute  soiution 
for  these  two  methods  is  compared  (Table  I),  it  is  seen  th 
Youn-burg’s  modification  differs  from  Truog’s  in  the  relatively 
much  greater  quantity  of  ammonium  molybdate  it  contains. 
The  three  reagents  are  so  interrelated  m  this  determmatio 
that  the  ratios  of  molybdate  to  acid  and  of  stannous  1 cld°", 
to  acid  perhaps  exert  a  greater  influence  on  the  depth  of  color 
developed  than  the  actual  concentration  of  any  of  the  three 
in  the  final  solution.  For  a  given  quantity  of  phosphate  the 
Youngburg  method  produces  a  slightly  deeper  color,  a 
fading  is  less  rapid  than  with  the  Truog  procedure. 

TOnttnpr  and  Cohen  (7)  found  that  hydrochloric  acid  in  0.5  N 
solution  caused  very  rapid  fading  Truog  and  Meyer  fomdBiat 
2d  n  m  of  ferric  ion  as  ferric  sulfate  decreased  the  color  inten  y 

and  caused  troublesome  greenish  tints.  + . D^hTt  S'rTtfo  fad- 
with  the  Truog  and  Meyer  method,  noticed  that  the  rate  ol 
ine  increased  as  phosphate  concentration  increased.  More  re 
S  5  Dyer,  Wrenshall,  and  DeLong  (H)  have  reported 
on  additional  factors  which  influence  color  deveiopment  and  rate 
fariincr  with  the  Truog  and  Meyer  procedure.  They  tound  trial 
coltaMng  ?,0gp.  p.  m.  ’or  hore  of  ferric  ioo  prevent  nor¬ 


mal  color  development  at  a  given  phosphate  com»ntotion.  They 

of  iroS  still  caused  significant  differences  m  f.J"  fnt  inP“rpr*’tS 

taE  rfthSt  also  varying  the  chlorid e-ion  concente* om 
Hence  the  results  which  they  considered  to  be  due 
fhanges  in  the  ferric-ion  concentration  were  actually  due  to  the 
combined  effect  of  at  least  two  variables. 

Table  I.  Concentration  of  Reagents 

(Comparison  of  Youngburg  and  Truog  and  Meyer  Methods) 


Final 

Concen¬ 

tration, 

H2SO4 

1.0  N 
0.4  N 


Ratio 


Final 
Concen¬ 
tration, 
NH4 

Molybdate, 

% 

1.28 

0.1 


Ratio 


2 . 5 


12.8 


Final 

Concen¬ 

tration, 

SnCU, 

% 

0.02 

0.008 


Ratio 


2.5 


Youngburg 
Truog  and  Meyer 

A  recent  method  for  total  soil  phosphorus  by  Sozanski  and 
Cieslicki  (12)  contains  directions  for  the  determination  of  iro 
£  the  extracts.  The  phosphorus  is 

metrically  with  the  use  of  curves  drawn  for  standard  phos 
phate  solutions  containing  as  much  iron  as  is  present  in  the 
soil  extract  being  examined.  There  exists  a  need  for  a  colon 
metric  method  which  will  not  only  determine  ptosphorue  jn 
relatively  “pure”  phosphate  solutions  but  will  also  all 
accurate  determination  of  phosphorus  in  solutions  containing 
ferric  and  chloride  ions  without  restrictive  modifications  and 
added  determinations. 

Effect  of  Chloride  Ion  on  Color  Development 

In  connection  with  soil  studies  at  the  Illinois  Ag™'dtural 
Experiment  Station,  it  was  desired  to  determine  total  pho 
h’rus  in  solutions  which  have  been  secured  by  sodium  carbon¬ 
ate  fushu  of  soils,  dehydration  of  silica,  and  solution  o 
soluble^ constituents  in  hydrochloric  acid  (!) .  Since  only  small 
volume  of  solution  were  available,  it  was  impossible  to 
determine  phosphorus  by  either  a  volmnetne  or  a i  gramme*  c 
method  These  solutions  had  been  brought  to  0.5  Am 
hydrochloric  acid  and  contained  in  addition  the  sodmm  chlo- 
ride  formed  from  the  neutralization  of  the  fusion.  \V  hen 
analyzed  for  total  phosphorus  by  either  the  )™°g^^ 
or  the  Youngburg  method,  low  values  resulted.  E\en_wiien 
5  0  ml.  of  solution  were  neutralized  with  sodmmhydroxieor 
ammonium  hydroxide  before  dilution  and  add-on  0 re- 
no-PDts  the  phosphate  values  obtained  were  still  10  to  15 
per  cent  low.  The  weight  of  sodium  chloride  formed  in  solu¬ 
tion  by  the  neutralization  with  sodium  hydroxide  was  cal¬ 
culated  and  this  weight  of  c.  p.  crystalline  sodium ^Truog 
dissolved  in  standard  phosphate  solutions.  W  ith  the  lr  g 
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and  Meyer  method,  the  color  developed  was  of  less  intensity 
than  that  of  a  similar  standard  containing  no  sodium  chlo¬ 
ride.  This  same  weight  of  sodium  sulfate  had  no  effect  on  the 
reading  (Table  II). 


Table  II. 

Influence  of  Added  Ions 

on  Truog  and  Meyer 

Method 

Phosphorus 

Phosphorus 

Final 

Neutralized 

Concentration 

Concentration  Volume 

Added 

with 

Found 

P.  p.  m. 

Ml. 

P.  p.  m. 

0.300 

50 

0.300 

0.300 

50 

2 . 5  ml.  N  HC1 

NasCOs 

0.285 

0.300 

50 

2.5  ml.  N  HC1 

NEUOH 

0.287 

0.300 

50 

0.2  gram  NaCl 

0.275 

0.300 

50 

0.2  gram  Na2SC>4 

0.301 

The  acid  solutions  containing  chlorides  resulting  from  the 
sodium  carbonate  fusions  also  contained  large  amounts  of 
ferric  ion  which  was  known  to  interfere  with  color  intensity. 
Even  when  the  ferric  ion  was  reduced  to  ferrous  ion  by  pass¬ 
ing  the  solution  through  a  Jones  reductor,  the  interference 
continued.  Yet  when  ferrous  ammonium  sulfate  was  added 
to  a  standard  phosphate  solution,  no  interference  was  ob¬ 
served. 

These  experimental  results  led  to  the  conclusion  that  inter¬ 
ference  is  caused  by  the  chloride  ion  rather  than  by  the 
ferrous  ion  or  by  some  salt  effect,  when  the  sulfate-containing 
reagent  of  Truog  and  Meyer  was  used.  To  test  this  hypothe¬ 
sis,  solutions  of  10.0  N  hydrochloric  acid  and  7.5  per  cent 
ammonium  molybdate  were  prepared  and  added  in  such 
quantities  to  standard  phosphate  solutions  that  the  final 
dilute  solution  was  0.4  N  in  hydrochloric  acid  and  contained 
0.1  per  cent  of  ammonium  molybdate  and  0.008  per  cent  of 
stannous  chloride.  These  concentrations  are  the  same  as  in 
the  Truog  and  Meyer  procedure  but  differ  from  it  in  con¬ 
taining  no  sulfate  ion.  When  0.2  gram  of  sodium  chloride 
was  added  to  a  standard  phosphate  solution  and  the  color 
developed  with  the  hydrochloric  acid-ammonium  molybdate 
reagent,  no  decrease  in  intensity  was  observed  (Table  III). 
Conversely,  when  0.2  gram  of  sodium  sulfate  was  added  to 
standard  phosphate  solutions  and  the  color  developed  with 
the  new  reagents,  the  color  intensity  was  greater  than  that 
from  standard  phosphate  solutions  alone. 

Table  III.  Influence  of  Added  Ions  on  Hydrochloric  Acid- 
Ammonium  Molybdate  Reagent 


Phosphorus 

Final 

Phosphorus 

Concentration 

Concentration 

Volume 

Salt  Added 

Found 

P.  p.  m. 

Ml. 

P.  p.  m. 

0.300 

50 

None 

0.300 

0.300 

50 

0.2  gram  NaCl 

0.300 

0.300 

50 

0.2  gram  Na2SC>4 

0.330 

It  is  thus 

evident  that 

a  salt  effect  does  not 

cause  an  in- 

crease  or  decrease  in  color  intensity,  but  that  an  anion  other 
than  that  of  the  acid  used  in  the  reagent  may  influence  the 
color  intensity  either  positively  or  negatively. 

Optimum  Concentrations  of  Reagents 

The  concentrations  of  hydrochloric  acid,  ammonium  molyb¬ 
date,  and  stannous  chloride  which  would  give  minimum 
fading  and  maximum  color  development  for  a  given  concentra¬ 
tion  of  phosphate  were  next  studied.  Two  of  the  three  re¬ 
agents  were  held  at  constant  concentrations  while  the  third 
was  varied.  In  this  manner  hydrochloric  acid  was  varied 
from  0.1  to  1.0  N,  ammonium  molybdate  from  0.1  to  1.0  per 
cent,  and  stannous  chloride  from  0.0075  to  0.02  per  cent.  If 
the  stannous  chloride  concentration  was  kept  constant  and 
the  hydrochloric  acid  concentration  increased,  a  clear  blue 
solution  developed  only  when  the  relative  concentration  of 
ammonium  molybdate  was  increased  at  a  greater  rate  than 
that  of  the  acid.  Also,  at  the  lower  acid  and  molybdate  con¬ 
centrations,  an  excess  of  stannous  chloride  caused  the  pro¬ 


duction  of  a  blue  solution  whose  intensity  was  independent 
of  the  phosphate  concentration.  Kuttner  and  Cohen  (7) 
made  similar  studies  with  sulfuric  acid,  sodium  molybdate, 
and  stannous  chloride. 

From  this  work  a  final  concentration  of  0.7  N  hydrochloric 
acid,  0.3  per  cent  ammonium  molybdate,  and  0.012  per  cent 
stannous  chloride  was  found  to  give  a  satisfactory  blank  and 
the  intensity  of  color  measured  by  a  photoelectric  method 
conformed  to  Beer’s  law  up  to  0.5  p.  p.  m.  of  phosphorus. 

A  study  was  made  to  determine  the  widest  possible  varia¬ 
tion  from  this  concentration  of  reagents  which  would  not 
affect  the  readings  of  a  standard  phosphate  solution.  The 
results  may  be  summarized  as  follows: 

With  ammonium  molybdate  and  stannous  chloride  held  con¬ 
stant  at  0.3  and  0.012  per  cent,  respectively,  the  concentration  of 
hydrochloric  acid  in  the  final  solution  may  vary  between  0.66  and 
0.74  N  without  affecting  color  development. 

With  hydrochloric  acid  and  stannous  chloride  concentrations 
held  at  0.7  N  and  0.012  per  cent,  respectively,  the  ammonium 
molybdate  concentrations  may  vary  between  0.28  and  0.32  per 
cent  with  no  change  in  color  intensity. 

With  ammonium  molybdate  and  hydrochloric  acid  concentra¬ 
tions  kept  at  0.3  per  cent  and  0.7  N,  respectively,  the  stannous 
chloride  percentage  may  vary  from  0.010  to  0.014  per  cent  with 
no  change  in  reading. 

Preparation  of  Reagents 

Ammonium  Molybdate-Hydrochloric  Acid  Solution.  Dis¬ 
solve  15.0  grams  of  c.  p.  ammonium  molybdate  in  about  300  ml. 
of  warm  distilled  water  (50°  C.).  Filter  if  necessary  to  remove 
sediment.  When  the  solution  has  cooled  add  350  ml.  of  10.0  N 
hydrochloric  acid,  slowly  with  shaking,  to  the  molybdate  solu¬ 
tion.  Cool  this  solution  to  room  temperature  and  dilute  to  1000 

ml.  with  distilled  water.  Mix  well  and  store  in  a  black  glass- 
stoppered  bottle.  This  is  a  3.5  N  hydrochloric  acid  solution  con¬ 
taining  0.15  gram  of  ammonium  molybdate  per  10  ml.  This  re¬ 
agent  should  be  replaced  by  a  fresh  solution  every  2  months. 

Stannous  Chloride,  Stock  Solution.  Dissolve  10  grams  of 
stannous  chloride  dihydrate  in  25  ml.  of  concentrated  hydrochlo¬ 
ric  acid.  This  stock  solution  also  should  be  made  up  fresh  every 
2  months.  It  is  preferable  to  keep  this  solution  in  a  black  glass- 
stoppered  bottle. 

Stannous  Chloride,  Dilute  Solution.  Add  1.0  ml.  of 
stannous  chloride  stock  solution  to  332  ml.  of  distilled  water. 
Shake  well  before  use.  This  solution  is  the  stannous  chloride  re¬ 
agent.  It  deteriorates  rapidly  and  best  results  are  obtained  when 
it  is  made  up  fresh  after  8  hours.  Farber  and  Youngburg  (6) 
state  that  the  dilute  stannous  chloride  solution  is  active  for  a 
week.  In  the  method  here  described  the  dilute  stannous  chlo¬ 
ride  should  be  prepared  fresh  each  day,  since  otherwise  excessive 
fading  occurs  and  the  blue  solution  becomes  cloudy. 

If  the  solutions  to  be  analyzed  contain  10  to  15  p.  p.  m.  of  ferric 
iron  in  final  dilution,  it  is  advisable  to  use  a  concentrated  stan¬ 
nous  chloride  solution  that  has  been  prepared  not  more  than  a 
week. 

Standard  Phosphate  Solution.  Weigh  0.2194  gram  of  re¬ 
crystallized  potassium  dihydrogen  phosphate  into  a  1000-ml. 
volumetric  flask  and  dilute  to  volume  with  distilled  water.  This 
is  the  base  stock  solution  and  contains  50  p.  p.  m.  of  phosphorus. 
Dilute  50  ml.  of  this  solution  to  500  ml.  to  obtain  a  5.0  p.  p.  m. 
phosphorus  solution. 

Analytical  Procedure 

Solutions  Low  in  Ferric  Ion.  Pyrex  test  tubes,  25  X  200 

mm. ,  graduated  at  35  ml.  are  used.  Pipet  an  aliquot  of  the  un¬ 
known  into  a  test  tube.  If  the  solution  is  acid,  add  5  drops  of  a 
water  solution  of  quinaldine  red  and  neutralize  the  excess  acid 
by  adding  ammonium  hydroxide  (1  +  1)  drop  by  drop  until  the 
solution  becomes  pink.  Add  distilled  water  to  exactly  35.0  mL 
Add  10.0  ml.  of  hydrochloric  acid-molybdate  reagent,  mix,  then 
immediately  add  5.0  ml.  of  dilute  stannous  chloride  from  a  pipet 
and  mix  thoroughly.  The  color  intensity  is  constant  between  4 
and  20  minutes.  Determine  the  phosphate  concentration  either 
by  placing  some  of  the  solution  in  a  photoelectric  colorimeter,  or 
visually  by  comparing  the  unknown  with  a  standard  phosphate 
solution  developed  in  a  similar  manner. 

The  calibration  curve  for  use  with  the  photoelectric  colorim¬ 
eter  can  be  constructed  as  suggested  by  Zinzadze  (15), 
Barton  and  Yoe  (2),  or  Schricker  and  Dawson  (10).  The 
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curve  conforms  to  Beer’s  law  up  to  a  concentration  of  0.5 
p.  p.  m.  of  phosphorus.  The  temperature  of  all  ^solutions 
throughout  the  analysis  should  be  maintained  at  25°  ±  o  O. 

Solutions  Containing  Large  Amounts  of  Ferric  Ion. 
The  inability  of  colorimetric  phosphate  methods  to  produce 
accurate  results  in  the  presence  of  over  2  p.  p.  m.  of  ferric  ion 
has  limited  their  application  to  solutions  which  are  practicaUy 
iron-free.  The  method  described  above  is  not  affected  by 
ferric  iron  up  to  a  concentration  of  15  p.  p.  m.  in  the  final 
dilute  solution.  When  higher  concentrations  of  ferric  ion  are 
present  the  following  modification  still  allows  the  estimation 
of  phosphorus: 

Pass  the  acid  solution  containing  the  iron  through  a  small  Jones 
rpductor  [Since  c.  P.  ferric  chloride  contains  an  appreciable 
quantUy  of  phosphorus  (0.03  per  cent  of  PO 4)  anhydrous  : resub- 
hmed  ferric  chloride  was  used  in  determining  the  effect  of  iron  o 
color  development.]  It  is  convenient  to  use  a  12-cm  coliunn  of 
nmalsramated  zinc  placed  on  a  thin  pad  of  glass  vool  in  a  50-mi. 
buretf for  this  work.  A  Pyrex  test  tube  calibrated  at  3o  ml.  lsat- 
Sed  to  the  tip  of  the  buret  by  one  hole  of  a  two-holed  rubber 
stopper  The  other  hole  contains  a  short  piece  of  glass  tubing 
connected  to  the  water  pump.  After  the  unknown  solution  has 
been  drawn  through  the  reductor,  rinse  three  times  with  sma 
(5-ml  or  less)  portions  of  0.25  N  hydrochloric  acid.  Add  5  drops 
of  auinaldine  red  to  the  reduced  solution,  then  ammonium  hy¬ 
droxide  (1  +  1)  drop  by  drop  until  the  solution  shows  a  fai 
nink  Excess  ammonia  at  this  point  causes  a  precipitate  to  form 
Sfthe SS. n  should  be  discarded  and  repeated  on  an 
other  aliauot  The  final  volume  must  not  exceed  3o  ml.  Dilute 

the  solution  to  35  ml.  and  proceed  with  color ^^Miv^ener  colm 
scribed  above.  This  techmque  produces  a  slightly  deeper  color 
ta  a  solution  containing  over  30  p.  p.  m.  of  ferrous  ion  than  does 
a  “pure”  phosphate  solution. 

Table  IV.  Influence  of  Iron  on  Color  Development 

<„H  ol  .11  solutions  controlled  tag,*.—  ■»'* 


Phosphorus 

Concentration 

in  Soln. 

P.  p.  m. 

0.300 

0.300 

0.300 

0.300 

0.300 

0.000 

0.300 

0.000 


Added 


2  ml.  N  HC1  _  ,  , 

2  ml.  N  HC1  +  15  p.  P-  m.  Fe  +  H 
30  p.  p.  m.  Fe  +  +  +  reduced 
30  p.  p.  m.  Fe  +  +  +  unreduced 
115  p.  p.  m.  Fe  +  +  + reduced 
115  p.  p.  m.  Fe  +  +  + reduced 
260  p.  p.  m.  Fe  +  +  +  reduced 
260  p.  p.  m.  Fe  +  +  +  reduced 


Phosphorus 
Concentration 
Found 
P.  p.  m. 

0.300 

0.300 

0.300 

0.323° 

0.311 

0.012 

0.333 

0.038 


to  determine  the  calibration  curve  at  a  definite  temperature 
and  to  run  subsequent  analyses  at  this  temperature,  but  for 
most  routine  work  a  range  of  5°  C.  on  either  side  of  the  tem¬ 
perature  selected  for  the  calibration  curve  wifi  give  sufficient 

Influence  of  Other  Ions.  The  addition  of  1000  p.  p.  m. 
of  Al+++  as  aluminum  chloride,  of  200  p.  p.  m.  of  Ca  as 
calcium  chloride,  or  of  200  p.  p.  m.  of  Mg++  as  magnesium 
chloride  did  not  affect  either  the  color  intensity  or  rate  of 
fading.  On  the  other  hand,  anions  other  than  chloride  ten(fed 
to  interfere  with  color  development.  Sulfates  up  to  600 
p  p  m.,  perchlorates  to  50,  and  nitrates  to  2o  had  no  effect. 
Because  of  the  tendency  of  anions  to  cause  erroneous  readings, 
the  application  of  this  method  to  the  determination  of  phos¬ 
phorus  in  various  substances  should  include  preliminary 
determinations  of  the  allowable  limits  of  any  anion  that  is 
likely  to  be  present. 

Applications  of  the  Method 

Although  this  method  was  developed  for  the  purpose  of 
determining  phosphorus  in  a  special  set  of  conditions,  furt  er 
work  has  demonstrated  that  it  is  generally  applicable  for  the 
determination  of  phosphate  m  various  substances.  Table 
contains  the  results  of  soil  and  plant  analyses  by  both  the 
A.  O.  A.  C.  and  the  colorimetric  methods.  The  percentage 
differences  between  the  two  methods  in  soil  analysis  are  no 
greater  than  occur  between  duplicates  when  the  volumetric 
method  is  used.  This  procedure  has  also  been  applied  suc¬ 
cessfully  to  hydrochloric  acid  extracts  of  sods  in  the  deter¬ 
mination  of  the  easily  acid-soluble  phosphates.  Organic 
phosphorus  in  soils  can  be  determined  by  substituting  hydro¬ 
chloric  acid  for  sulfuric  acid  in  the  extraction,  according  to  the 
method  of  Dickman  and  DeTurk  (4). 

Table  V.  Determination  of  Total  Phosphorus  by 
Volumetric  and  Colorimetric  Methods 


'  Color  faded  rapidly. 


The  following  conclusions  are  drawn  from  the  data  in  Table 
IV: 

Ferric  ion,  up  to  a  concentration  of  15  p.  p.  m.,  does  not  in¬ 
fluence  color  development.  n(l„  ferric- 

Tnterference  with  color  development  in  the  presence  or :  iernc 

ion  concentrations  between  15  and  30  p.  p.  m.  may  be  avoided  by 
reduction  of  ^  nontotheferrous  ^tate^  increases  the 

apparent  Concentration*  oVa  (L3  p.  ji.  m.  phosphorus  solution  by  3 

^Femcion  at  260  p.  p.  m.,  on  reduction  increases  color  intensity 
in  a  0  3  p  p.  m.  phosphorus  solution  by  11  per  cent.  ,  , 

All  increases  in  color  intensity  can  be  accurately  measured,  be 

“n  accurate  estimate  of  the  phosphor  us.  present ,  O^y  rough 

^Cnces  Sousdon  concen¬ 
tration  produce  comparatively  small  changes  m  color  intensity. 

Factors  Affecting  Color  Development  and  Fading 

Temperature.  An  increase  in  the  temperature  of  all 
solutions  and  reagents  from  18°  to  28°  C.  caused  a  4  per  cent 
increase  in  color  intensity.  At  18°  C.  no  fading  occurre 
during  the  first  45  minutes.  At  28°  C.  fading  began  at  the 
end  of  20  minutes.  For  the  most  accurate  work  it  is  necessary 


Soil  Sample 


1-188 

9898 

9944 

1-190 

Soybean  Sample 
C30-F 
C30-FX 
B30-2 
B30-2X 
Xl-2 
Xl-1 


Total  Phosphorus  , 
Volumetric°  Colorimetric^ 

%  % 


0.0640 

0.0885 

0.0437 

0.0320 

0.723' 

0.807 

0.637 

0.778 

0.251 

0.268 


0.0635 

0.0890 

0.0417 

0.0325 

0.719 

0.823 

0.638 

0.778 

0.245 

0.267 


Difference 

% 

0.7 
0.5 
4.6 
1 . 5 

0.55 

2.0 

0.15 

0.00 

2.4 

0.37 


Al-l  , 

,nnmi  of  0  1482  N  HC1  in  final  titration  was 
!  £55  ol  duplicates ; "ma^mu^variation  allowed:  1%  difference. 

This  method  may  be  applicable  in  the  determination  of 
phosphates  in  sea  water  without  the  use  of  a  conec^ 

A  standard  phosphate  solution  containing  4  per  cent  of  ®°dl 
chloride  in  the  final  dilute  solution  was  analyzed  by  tins 
method.  No  difference  in  reading  was  obtained  between  the 
Tove  solution  and  a  “pure”  standard  phosphate  solution  of 
equivalent  concentration. 

Advantages  of  Method 

Ferric  ion  from  ferric  chloride  may  be  present  up  to  15 
p  p.  m.  in  final  concentration,  without  affectnig  ecdor  intensity. 
P  The  increase  of  color  intensity  caused  by  the  reduction  of 
over  30  p  p.  m.  of  ferric  to  ferrous  ion  can  be  measured  and  the 
phosphaPtePconcentration  in  unknowns  determined  with  ac- 

CUOther  chloride  salts  may  be  present  in  considerable  amounts 
without  affecting  color  intensity,  although  anions  such  as 
sulfate,  perchlorate,  and  nitrate  interfere  with  color  intensity 
if  present  in  greater  than  certain  concentrations. 
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Fading  does  not  occur  during  a  time  interval  long  enough  to 
enable  the  worker  to  make  10  readings. 

Duplicate  determinations  are  consistently  reproducible  to 
1  per  cent  or  less. 
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Rapid  Determination  of  Hydrogen  Sulfide 

and  Mercaptan  Sulfur 

In  Gases  and  in  Aqueous  Solutions 

JOSEPH  A.  SHAW,  Mellon  Institute,  Pittsburgh,  Penna. 


A  rapid  method  is  described  for  the  de¬ 
termination  of  hydrogen  sulfide  and  mer¬ 
captan  s  in  gases  and  in  aqueous  solutions. 
The  hydrogen  sulfide  and  mercaptans  are 
totally  absorbed  by  a  specially  prepared 
cadmium  chloride  solution  in  a  new  type 
of  flask.  The  determinations  are  made  by 
iodometric  titration  under  definite  condi¬ 
tions  designed  to  eliminate  several  sources 
of  error  without  burdensome  increase  in 
time  and  manipulation.  The  required  time 
for  the  laboratory  manipulation  is  from  5  to 
30  minutes. 

WITH  the  changes  in  gas  technology  that  have  occurred 
in  recent  years,  analytical  difficulties  have  arisen  at 
many  points  and  particularly  in  the  determination  of  hydro¬ 
gen  sulfide.  It  is  natural  that  attempts  have  been  made  to 
apply  familiar  apparatus  and  methods  to  new  conditions, 
among  them  the  effort  to  use  the  Tutwiler  ( 5 )  apparatus  for 
such  wider  application.  The  Tutwiler  procedure  consists  in 
shaking  100  ml.  of  gas  in  a  special  apparatus  with  about  5  ml, 
of  acidified  starch  solution,  accompanied  by  the  addition  of  in¬ 
crements  of  standard  iodine  (approximately  0.0133  N ).  Both 
mercaptans  and  unsaturated  hydrocarbons  will  absorb  iodine 
under  these  conditions.  Another  source  of  error  has  been  en¬ 
countered  in  the  effort  to  adapt  the  Tutwiler  to  determine 
hydrogen  sulfide  in  concentrations  of  a  few  grains  per  100 
cubic  feet.  Owing  to  spatial  limitations,  the  Tutwiler  is  not 
suitable  for  such  determinations.  But  because  of  the  con¬ 
venience  of  the  method,  to  adapt  it  to  the  purpose,  the  size 
of  the  apparatus  has  been  increased  to  accommodate  a  500- 
ml.  sample  of  gas  and  the  iodine  solution  has  been  diluted  to 
one  tenth  or  less  of  the  concentration  specified.  Large  errors 
are  introduced  by  this  procedure,  however,  and  they  cannot 
be  satisfactorily  accounted  for  on  the  basis  simply  of  impuri¬ 
ties  in  reagents  and  sample 

Many  chemists  like  to  determine  the  hydrogen  sulfide  in 
caustic  solution  by  allowing  the  alkaline  sample  to  run  in  a 
thin  stream  into  an  excess  of  acidified  iodine,  vigorously  agi¬ 
tated  (3).  The  excess  iodine  is  then  titrated  with  thiosulfate. 


This  determination  can  be  made  accurately  under  controlled 
conditions,  but  apparently  harmless  variations  in  technique 
can  cause  very  large  errors  in  the  results.  In  the  light  of  ex¬ 
perience,  the  procedure  is  by  no  means  so  simple  as  it  appears 
to  be. 

It  is  believed  that  the  following  method,  devised  by  the 
author,  will  avoid  all  such  errors  without  troublesome  tech¬ 
nique,  and  that  it  will  yield,  in  a  short  period  of  time,  results 
of  usually  satisfactory  accuracy  for  both  hydrogen  sulfide  and 
mercaptan  sulfur. 

Apparatus 

Two  Shaw  sulfide  flasks  and  stands,  2  traps  (15  X  2.5  cm., 
6X1  inch,  test  tubes  fitted  with  inlet  and  outlet  tubes  for  gas 
scrubbing),  Gooch  crucible  (bitumen  size),  asbestos  (“Powminco” 
brand  long-fiber  acid-washed  is  suggested),  and  volumetric  labora¬ 
tory  equipment. 

Reagents 

Concentrated  hydrochloric  acid,  cadmium  chloride  solution  (10 
per  cent  of  anhydrous  salt),  sodium  carbonate  solution  (concentra¬ 
tion  approximately  1  A),  hydrochloric  acid  solution  (concentra¬ 
tion  approximately  1  A),  dilute  hydrochloric  acid  solution  (80 
ml.  of  1  A  hydrochloric  acid  per  liter  or  about  0.08  A,  approximate 
accuracy),  standard  iodine  solution  (0.1  A  or  0.01  A ),  standard 
sodium  thiosulfate  solution  (0.1  A  or  0.01  A),  starch  solution  in¬ 
dicator,  and  methyl  orange  solution  indicator. 

The  standard  iodine  solution  is  made  up  with  2.3  moles  of 
potassium  iodide  to  1  mole  of  iodine.  The  iodine  is  standardized 
according  to  the  method  of  the  National  Bureau  of  Standards, 
using  its  arsenious  oxide.  It  is  preferable  to  standardize  both 
0.1  A  and  0.01  A  iodine  separately  against  the  arsenious  oxide; 
simple  dilution  of  0.1  A  to  0.01  A  iodine  is  open  to  doubt.  Some 
distilled  waters  produce  a  considerable  error.  The  starch  solution 
is  prepared  by  making  a  thin  slurry  of  2  grams  of  a  soluble  starch 
in  a  little  cold  water,  pouring  it  slowly  into  1  liter  of  nearly  boiling 
water  ■with  vigorous  agitation,  bottling,  and  cooling.  Potassium 
iodide  is  not  to  be  added  to  this  indicator. 

Description  of  Sulfide  Flask 

The  sulfide  flask  and  stand  (obtainable  from  the  Scientific 
Glass  Apparatus  Co.,  Ackermann  St.,  Bloomfield,  N.  J.)  are 
shown  in  Figure  1.  The  flask,  made  of  Pyrex  glass,  is  approxi¬ 
mately  175  ml.  in  capacity;  it  has  a  funnel-shaped  top  with  a 
partially  grooved  ground  stopper  and  housing — a  construction 
that  permits  solutions  to  be  introduced  into  the  previously  evacu¬ 
ated  flask.  The  flask  can  be  employed  for  scrubbing  gas,  if 
desired,  thereby  obtaining  the  sample  in  the  container  in  which 
it  is  to  be  analyzed  and  eliminating  unnecessary  handling  so  ob¬ 
jectionable  with  these  materials. 
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Figure  1 .  Sulfide  Flask  and  Stand 


The  angle  at  which  the  stopper  is  ground  should  be  slightly 
greater  thin  the  angle  of  the  so-called  standard-taper  interchange¬ 
able  joints  and  the  face  should  be  shorter,  as  brought  out  in  the 
illustration.  The  stopper  must  be  so  ground  that  no  trace  ol  a 
ridge  exists  at  the  upper  end  of  the  ground  face;  otherwise  it  will 
tend  to  jam  when  the  flask  is  evacuated  A  stopcock  grease  of  a 
moderately  heavy  body  is  desirable.  If  this  joint  is  properly 
made  and  lubricated,  it  will  operate  without  any  binding,  even 
when  the  flask  has  been  evacuated  to  only  a  few  millimeters  of 
mercury  pressure. 

Details  of  Proposed  Method 

Procedure  A  (total  iodine  titration).  The  sulfide  flask  and  the 
test-tube  trap  are  each  charged  with  15  ml.  of  10  per  cent  cadmium 
chloride  and  2  ml.  of  1  N  sodium  carbonate,  and  the  groove  in 
the  mouth  of  the  sulfide  flask  is  closed.  The  flask  is  fastened  in 
the  gas  line,  followed  by  the  trap  and  a  meter.  In  rare  cases 
where  both  carbon  dioxide  and  ammonia  are  present,  an  ac  d 
trap  should  be  placed  before  the  flask,  as  described  more  fully 
below.  The  gas  flow  is  then  adjusted  to  a  rate  of  about  57  liters 
(2  cubic  feet  per  hour)  by  throttling  the  gas  before  the  flask,  to 
prevent  the  likelihood  of  gas  pressure  causing  the  stopper  to 
become  loose.  Enough  gas  is  passed  that,  when  the i  scrubbmg 
solution  is  subsequently  titrated,  from  5  to  15  ml.  of  iDdine  will 
required  as  revealed  by  the  amount  of  color  developed.  After  dis¬ 
connection,  the  meter  is  read  and  temperature  and  pressure  are 
noted.  Then  the  contents  of  the  trap  are  washed  into  the  flask 
with  a  minimum  of  water.  The  flask  is  more  or  less  completely 
evacuated  through  the  outlet  stopcock  without  unduly  pro¬ 
longing  the  suction.  A  good  water  aspirator  will  do  this  in  about 
10  seconds.  (In  1913  a  proposal  was  made  for  the  titration  of  hy¬ 
drogen  sulfide  only  in  a  vacuum  flask,  but  the  described  apparatus 

was  mechanically  weak,  2.)  , ,  , _ 

Through  the  grooved  funnel  top  10  ml.  of  concentrated  hydro¬ 
chloric  acid  are  added,  followed  by  a  little  wash  water,  and  mixed 
by  shaking.  When  using  0.01  N  iodine,  the  contents  of  the  flask 
must  be  chilled  in  an  iced  bath  (or  tap  water  m  winter  time)  to  a 


point  such  that  the  temperature  will  not  rise  above  15°  C-  before 
the  titration  of  the  iodine  has  been  completed  This  chilling 
appears  to  be  necessary  only  if  0.01  N  iodine  is  used  and  only  where 
mercaptans  are  present.  A  measured  amount  of  an  excess  of 
standard  iodine  is  added  in  the  same  manner  and  the  residue  is 
washed  in  with  two  small  portions  of  water,  followed  by  thorough 
shaking  After  equalizing  the  pressure  on  the  flask  and  re 
moving  the  stopper,  the  excess  of  iodine  is  titrated  with  standard 
thiosulfate  solution,  5  ml.  of  starch  solution  being  added  as  the 
end  point  is  approached.  The  thiosulfate  is  mixed  with  t 
sample  by  attaching  about  45  cm  (18  inches)  of  rubber  tubing 
to  the  inlet  tube  and  blowing  gently  through  it  during  the  titra¬ 
tion.  If  mercaptans  (and  thiosulfates)  are  absent,  Procedure  B 
need  not  be  employed,  as  the  iodine  titration  is  a  measure  of 

^PROCEDURE^tdetermfnation  of  hydrogen  sulfide  alone).  The 
sample  is  taken  and  the  flask  evacuated,  as  previously  mentioned 
chilling  is  omitted.  At  this  point  the  solution  in  the  sulfide  flask 
is  made  just  acid  to  methyl  orange  with  IN  hydrochloric  acid 
added  through  the  groove  m  the  stopper  mthefunneltop^  ( 
methyl  orange  is  put  in  the  acid  to  be  added.)  Then  8.3  ml.  o 
1  N  hydrochloric  acid  are  measured  out  and,  together  with  an 
amount  of  water  sufficient  to  dilute  the  sample  to  approximately 
100  ml.,  are  introduced  into  the  flask  in  the  same  manner  The 
volume  of  solution  is  adjusted  with  water  to  100  mi.  and  the 
flask  is  well  shaken.  The  stopper  is  removed,  a  pinch  of  dry 
asbestos  wool  added,  the  stopper  replaced,  and  the  flask  shaken 
againto  facilitate  filtration.  At  this  acid  concentration  (3  grams 
of  free  hydrochloric  acid  per  liter)  the  cadmium  mercaptides  are 
in  solution  and  the  cadmium  sulfide  is  m  suspension.  A  similar 
separation  under  different  conditions  has  been  employed  in  the 

anT1he1Ssolutfon0isUtffien1Sfiltered  through  asbestos  on  a  Gooch 
crucible  (the  bitumen  size  crucible  is  preferred)  with  moderate 
suction  The  stopper  is  placed  in  the  mouth  of  the  flask,  about 
10  ml  of  dilute  hydrochloric  acid  (80  ml.  of  N  hydrochloric  acid 
Der  liter)  are  poured  in  the  funnel  top,  the  stopper  is  raised  verti¬ 
cally,  and  the  solution  is  allowed  to  flow  into  the  flask.  The  flask 
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is  then  shaken  and  the  acid  poured  into  the  Gooch  crucible.  The 
open  flask  is  next  blown  out  to  remove  mercaptan  vapors.  The 
suction  is  kept  on  the  Gooch  filter  only  long  enough  to  free  the  pad 
of  loose  water,  whereupon  it  is  immediately  removed.  The 
asbestos  pad  is  rolled  up  with  a  stirring  rod  and  transferred  to  the 
sulfide  flask.  A  pinch  of  dry  asbestos  is  placed  in  the  crucible, 
made  just  moist,  and  used  to  wipe  out  adhering  cadmium  sulfide; 
it  is  then  transferred  to  the  flask,  the  stopper  is  inserted,  and  the 
flask  is  evacuated.  Ten  milliliters  of  concentrated  hydrochloric 
acid  are  added,  followed  by  enough  water  to  dilute  to  about  50 
ml.,  and  the  whole  is  shaken  to  disintegrate  the  cadmium  sulfide 
precipitate.  A  measured  amount  of  standard  iodine  is  added  in 
slight  excess  and  the  excess  iodine  is  titrated  with  thiosulfate. 


Calculations,  Procedure  B. 

(Net  ml.  of  0.1  A  iodine)  0.0017  X  15.43  X  100  __ 

cu.  ft.  of  gas  in  sample  (corrected) 

grains  of  H2S  per  100  cu.  ft.  of  gas 

Then 


(Net  ml.  of  0.1  A I2,  Procedure  A)  _ 

cu.  ft.  of  gas  sample  (corrected) 

(net  ml  of  0.1  N_  !•,  Procedure  B)  15.43  x  ,00  _ 

cu.  ft.  of  gas  in  sample  (corrected) 

grains  of  mercaptan  sulfur  per  100  cu.  ft.  of  gas 


The  analytical  calculations  in  this  paper  are  based  on  puri¬ 
fied  gas. 

For  the  determination  of  mercaptans  the  two  samples  em¬ 
ployed  should  be  taken  concurrently. 

If  desired,  the  special  flask  (to  avoid  duplication  of  equipment) 
can  be  used  as  a  substitute  for  the  Tutwiler  apparatus.  The 
volume  is  first  determined  by  water  displacement.  For  sampling, 
the  flask  is  again  filled  with  water,  which  is  then  displaced  by 
applying  the  gas  pressure  to  what,  under  normal  conditions  of  use, 
is  the  outlet  tube  of  the  flask.  The  pressure  of  the  gas  sample 
collected  is  adjusted  to  atmospheric  and  an  excess  of  the  cadmium 
chloride  A  sodium  carbonate  mixture  previously  referred  to  is 
placed  in  the  funnel  top  and  allowed  to  run  into  the  flask  by 
slightly  loosening  the  stopper.  The  flask  is  shaken  to  absorb 
the  hydrogen  sulfide  from  the  gas.  At  the  convenience  of  the 
operator  the  flask  may  be  evacuated  and  the  hydrogen  sulfide 
titrated  as  previously  described,  but  using  iodine  of  the  concentra¬ 
tion  recommended  for  the  Tutwiler  apparatus  and  compensating 
by  calculations  for  the  difference  in  volume  of  the  two  flasks. 
If  the  gas  sampled  has  insufficient  pressure  to  displace  the  water 
in  the  flask,  the  difficulty  can  be  met  by  attaching  a  short  length 
of  rubber  tubing  to  the  water  outlet;  the  siphon  effect  formed  will 
permit  the  water  to  flow  out  of  the  flask. 


Table  I.  Determination  of  Hydrogen  Sulfide  Only 


Taken 

Gram 

Found 

Gram 

Iodine  Used 

Source  of  Sample 

0.0370 

0.0370 

0.1  N 

NaHS  solution 

0.0369 

0.0369 

0.1  N 

NaHS  solution 

0.0300 

0.0300 

0.1  N 

NaHS  solution 

0.00154 

0.00154 

0.01  N 

Gas  (H2S  concentra¬ 
tion,  0.5  grains  per 
100  cu.  ft.) 

Table  II.  Efficiency  of  Scrubbing  Hydrogen  Sulfide  Only 
from  Coke-Oven  Gas 


(Sulfide  flask  and  two  traps  in  series,  separate  analyses) 


In  flask 

- H2S  Found - 

In  1st  trap 

In  2nd  trap 

H2S  in  Gas, 
Approx. 

Iodine 

Used 

Gram 

% 

Gram  % 

Gram  % 

Gr./100 
cu.  ft. 

0.0567 

99.4 

0.00027  0.5 

0.000015  .. 

28 

0.1  N 

0.0123 

99.8 

0.000017 

19 

0.01  N 

Table  III.  Analysis  of  Sodium  Sulfide  Solutions 

(Precipitated  and  filtered  under  different  conditions  of  acidity,  results  in 
grams  of  H2S  per  liter) 

Neutral  or 

Slightly  Alkaline  Acid  Conditions,  Free  HC1  Iodine  Used 

5  g./l.  10  g./l. 

1-20  ...  1.20  0.1  N 

0.141  0.138  0.135  0.01  N 


This  method  has  been  evaluated  on  nitrogen  gas  contain¬ 
ing  known  quantities  of  hydrogen  sulfide  and  methyl,  ethyl, 
and  n-propyl  mercaptans,  obtained  from  the  Eastman  Kodak 
Company.  For  the  purposes  of  the  test  the  pure  mercaptans 
were  dissolved  in  petroleum  ether  (35°  to  60°  C.  boding 
range)  and  measured  portions  of  these  dilute  solutions  were 
in  turn  volatilized  into  a  stream  of  nitrogen  for  testing.  The 
pure  mercaptan  solutions  at  first  were  analyzed  in  three  ways 
to  establish  their  strength  and  then  the  most  convenient 
method  was  used  in  the  routine  collection  of  data. 

Where  mercaptans  exist  in  the  gas  the  individual  scrubbing 
units  do  not  show  so  high  an  efficiency  and  a  trap  is  necessary. 
For  most  work  two  scrubbing  stages  are  sufficient. 


Table  IV.  Determination  of  Hydrogen  Sulfide  in 
Presence  of  Mercaptans 


H2S 

Added 

H2S 

Found 

Gram 

Gram 

0.0173 

0.0173 

0.0179 

0.0183 

0.00147 

0.00142 

0.00145 

0.00137 

0.0153 

0.0153 

0.0157 

0.0159 

0.0153 

0.0155 

0.00156 

0.00157 

0.00157 

0.00156 

0.00155 

0.00157 

0.0170 

0.0170 

0.0165 

0.0167 

0.00131 

0.00132 

0.00132 

0.00132 

0.00131 

0.00130 

Mercaptan 

Present 

Gram 

Type 

0.0240 

0.0940 

Methyl 

Methyl 

0.0047 

0.0047 

Methyl 

Methyl 

0.0456 

0 . 0456 

Ethyl 

Ethyl 

0.00456 

Ethyl 

0.0055 

0.0055 

0.0055 

Ethyl 

Ethyl 

Ethyl 

0.055 

0.055 

n-Propyl 

71-Propyl 

0.0060 

0 . 0060 
0.0060 

n-Propyl 

71-Propyl 

71-Propyl 

Iodine  Percentage 


Used 

Variation 

0.1  N 

3.4 

0.1  N 

5.8 

0.01  N 

1.4 

0.01  N 

3.5 

0.1  N 

2.5 

0.1  N 

4.0 

0.1  N 

1.3 

0.01  N 

0.0 

0.01  N 

1.0 

0.01  N 

0.3 

0.1  N 

2.9 

0.1  N 

1.7 

0.01  N 

0.4 

0.01  N 

0.4 

0.01  N 

1.1 

Discussion  of  Proposed  Method 

The  grooved  stopper  should  be  well  greased  with  vacuum 
stopcock  grease,  and  it  is  well  to  clean  and  grease  it  before 
every  test.  If  such  care  is  taken  the  stopper  will  operate 
smoothly  and  easdy  at  30-mm.  pressure;  if  not  properly  done 
it  may  seize.  If  it  does  seize,  as  the  apparatus  is  made  of 
Pyrex  glass,  it  can  be  quickly  heated  in  a  flame  to  remove  the 
stopper  with  little  danger  of  breaking. 

In  following  this  method  it  is  generally  desirable  to  use  0.1  N 
instead  of  0.01  N  solutions  where  the  concentrations  of  sulfide 
will  permit.  Difficulties  arise  with  0.01  N  solutions  that  col¬ 
lectively  spell  confusion. 

Impurities  in  distilled  water  affect  0.01  A  iodine  noticeably.  In 
a  portion  of  this  work  a  good  grade  of  distilled  water  was  used  to 
dilute  0.1  A  to  0.01  A  iodine.  Careful  titrations  showed  a  loss  of 
about  1  per  cent  of  iodine  in  the  process,  presumably  due  to  the 
presence  of  ammonia,  etc.,  in  the  water.  (The  water  gave  no 
tests  for  chlorides  or  sulfates.)  As  the  sample  titrated  contains 
distilled  water  added  for  purposes  of  dilution  and  rinsing,  the 
error  connected  with  the  use  of  0.01  A  iodine  should  be  considered, 
and  there  is  no  assurance  that  the  errors  mentioned  are  the  maxi¬ 
mum  errors  likely  to  be  encountered.  With  0.1  A  solutions  errors 
from  this  source  are  usually  too  small  for  measurement  and  may 
be  ignored. 

During  the  early  part  of  this  investigation  high  and  erratic  re¬ 
sults  were  obtained  in  titrating  mercaptans  with  0.01  A  iodine 
solutions.  If  the  titrations  were  made  at  a  temperature  not  ex¬ 
ceeding  15°  C.  these  errors  were  reduced  to  a  satisfactory  figure, 
whereas  at  30°  C.  six  titrations  of  n-propyl  mercaptan  were  from 
9  to  26  per  cent  too  high.  This  difficulty  was  not  experienced 
with  0.1  A  iodine  solutions.  Temperature  changes  within  the 
above  limits  did  not  affect  the  titration  of  hydrogen  sulfide. 

Titration  blanks  are  usually  negligible  with  0.1  A  iodine  solu¬ 
tions.  With  0.01  A  iodine  solutions  they  can  seldom  be  ignored 
but  are  difficult  to  determine.  The  blanks  vary  with  tempera¬ 
ture,  being  much  less  in  a  chilled  solution  than  at  25°  to  30°  C. 

A  certain  amount  of  potassium  iodide  must  be  present  in  a 
titration  to  give  a  blue  coloration  with  starch,  but  such  a  solution, 
if  acid,  is  acted  on  by  the  oxygen  of  the  air  to  give  free  iodine. 
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Table  V.  Determination  of  Mercaptans  in  Presence  of 
Hydrogen  Sulfide 


Mer¬ 

captan 

Added 

Gram 

0.0287 

0.0287 

0.00360 

0.00360 

0.00393 

0.00529 

0.00535 

0.0496 

0.0496 

0.0496 

0.00519 
0 . 00507 
0.00507 


Mer¬ 

captan 

Found 

Gram 

Type 

H2S 

Present 

Gram 

0.0286 

0.0278 

Methyl 

Methyl 

0.0178 

0.0178 

0.00341 

0.00345 

Methyl 

Methyl 

0.00143 

0.00143 

0.00415 

0.00537 

0.00498 

Ethyl 

Ethyl 

Ethyl 

0.00157 

0.00157 

0.00157 

0.0514 

0.0481 

0.0494 

n-Propyl 

n-Propyl 

n-Propyl 

0.0170 

0.0170 

0.0170 

0 . 00486 
0.00535 
0.00505 

n-Propyl 

n-Propyl 

n-Propyl 

0.0017 

0.0017 

0.0017 

Percentage 

Approx. 

Iodine 

Varia¬ 

Concentra¬ 

Used 

tion11 

tion  in  Gas 
Gr./lOO  cu.  ft. 

0.1  N 

0.3 

29 

0.1  N 

3.0 

29 

0.01  N 

5.2 

2.9 

0.01  N 

4.2 

2.9 

0.01  N 

5.5 

3.3 

0.01  N 

1.6 

9.5 

0.01  N 

7.4 

9.0 

0.1  N 

3.6 

61 

0.1  N 

3.0 

50 

0.1  N 

0.4 

54 

0.01  N 

3.5 

5.0 

0.01  iV 

5.5 

5 . 0 

0.01  N 

0.4 

4.7 

a  Over-all  error.  Includes  errors  of  handling  volatile  mercaptans  as  well 
as  errors  inherent  in  analysis. 


The  iodine  thus  set  free  is  partly  dependent  upon  concentrations 
of  iodide.  This  error  can  be  reduced  to  workable  proportions 
bv  having  in  the  system  a  minimum  of  potassium  iodide.  Con¬ 
sequently  potassium  iodide  is  left  out  of  the  starch  and  adjusted 
in  the  iodine  solution  to  the  amount  previously  specified.  I  his 
action  seems  to  penalize  seriously  nothing  but  the  blank,  "here 
only  a  few  drops  of  iodine  solution  are  normally  required,  it  is 
compensated  in  the  blank  on  0.01  N  solutions  by  adding  2  ml.  of 
standard  iodine  and  titrating  with  thiosulfate,  adding  5  ml.  ol 
starch  solution  before  the  end  point  is  reached.  From  the  two 
readings  the  blank  can  be  calculated.  Admittedly  this  pro¬ 
cedure  leaves  something  to  be  desired,  but  the  results  obtained 
have  been  numerically  satisfactory. 


Under  Procedure  B  the  8.3  ml.  of  1  AT  hydrochloric  acid, 
added  to  the  sample  to  produce  a  concentration  of  3  grams  per 
liter  of  free  hydrochloric  acid,  should  be  added  in  3  or  4 
portions  with  shaking.  If  it  is  added  all  at  once  it  is  likely 
to  make  a  cadmium  sulfide  suspension  of  highly  colloidal 
characteristics  that  is  difficult  to  filter. 

Normal  sodium  carbonate  is  added  to  the  cadmium  chloride 
scrubbing  solutions  to  give  an  alkaline  reserve  (cadmium 
carbonate)  which  will  prevent  any  marked  change  in  the  pH 
of  the  solution  through  limited  amounts  of  hydrochloric  acid 
set  free  by  reaction  of  the  cadmium  chloride  with  hydrogen 
sulfide  and  mercaptans.  Within  reasonable  limits,  volatile 
alkali — e.  g.,  ammonia— is  without  appreciable  effect  on  the 
pH  of  the  reagent.  This  solution  has  the  advantage  of  not 
being  affected  prejudicially  by  carbon  dioxide  in  the  gas. 

When  working  with  alkaline  sulfide  solutions  one  is  likely 
to  encounter  thiosulfates,  which  under  the  specified  procedure 
would  be  reported  as  mercaptans.  These  compounds  may  be 
eliminated  by  filtration  from  the  cadmium  precipitates.  If 
it  is  mechanically  inconvenient  to  make  this  filtration,  thio¬ 
sulfate  can  be  determined  in  a  separate  sample  by  precipitat¬ 
ing  the  combined  sulfides  in  dilute  solution  and  filtering  off 
and  titrating  an  aliquot.  The  thiosulfate  content  is  then  cal¬ 
culated  and  deduced  from  the  total  iodine  titration  found  by 
Procedure  A.  Under  the  conditions  of  the  test,  thiosulfate 
can  be  titrated  with  iodine  in  acid  solution  if  the  iodine  is 
added  promptly  after  the  acidification.  Cadmium  chloride 
has  a  strong  stabilizing  effect  upon  thiosulfate  in  acid  solu¬ 
tion.  In  this  laboratory  10  ml.  of  0.1  N  thiosulfate  introduced 
into  100  ml.  of  a  3  to  4  per  cent  cadmium  chloride  solution 
at  25°  C.  and  containing  10  ml.  of  concentrated  hydrochloric 
acid,  when  let  stand  10  minutes,  required  only  10.1  ml.  of 
0.1  N  iodine. 

Attempts  made  to  determine  the  mercaptan  sulfur  directly 
by  variations  of  this  procedure  met  with  failure,  owing  no 
doubt  to  the  fact  that  the  necessarily  minute  amounts  of  a 
volatile  easily  oxidized  material  do  not  lend  themselves  to 
handling  in  the  open  air. 

The  delicacy  of  the  method  is  such  that  it  can  frequently 


be  used  for  analyzing  gases  having  concentrations  of  hydrogen 
sulfide  and  mercaptans  much  lower  than  those  indicated.  The 
demonstration  of  this  fact  by  means  of  synthetic  gas  samples 
involves  a  much  more  elaborate  technique  than  that  used  in 
this  work.  Tests  on  industrial  gases  nominally  free  from  hy¬ 
drogen  sulfide  and  mercaptans  gave  titrations  showing  a  sul¬ 
fide  concentration  as  low  as  0.01  grain  per  100  cubic  foot 
calculated  as  hydrogen  sulfide.  The  precipitate  in  the  scrub¬ 
bing  solution  had  a  slightly  yellow  color  and  the  acidified 
scrubbing  solution  of  cadmium  salt  had  the  characteristic  odor 
of  low-boiling  mercaptans. 

If  a  gas  to  be  analyzed  contains  appreciable  quantities  of 
both  carbon  dioxide  and  ammonia,  ammonium  carbonate  will 
be  absorbed  in  the  scrubbing  solution  and  may  be  present  in 
sufficient  quantity  to  destroy  the  vacuum  in  the  flask  after 
acidification.  In  this  case  a  test-tube  trap  (lo  X  2.5  cm., 
6X1  inch)  containing  dilute  acid  (10  ml.  of  20  per  cent  by 
volume  hydrochloric  acid  suggested)  should  be  placed  before 
the  sulfide  flask.  At  the  end  of  the  sampling  period  this  solu¬ 
tion  should  be  made  slightly  alkaline  to  methyl  orange  and 
added  to  the  sulfide  flask  prior  to  the  evacuation.  In  this 
procedure  the  carbon  dioxide  will  pass  the  scrubbers  without 
interference . 

It  has  been  demonstrated  that  alkaline  sulfide  solutions 
can  be  analyzed  in  the  manner  described.  It  is  suggested  that 
in  all  cases  before  evacuation  cadmium  chloride  solution  be 
added  in  excess.  Occasionally  a  solution  contains  a  large 
amount  of  carbonate  and  a  relatively  small  amount  of  hydro¬ 
gen  sulfide.  In  such  cases  an  excess  of  ammonium  hydroxide 
and  asbestos  fiber  should  be  added  with  the  cadmium  chloride, 
the  solution  filtered  through  a  Gooch  crucible,  and  the  residue 
placed  in  the  special  flask  for  titration  with  iodine. 

No  attempt  has  been  made  to  ascertain  the  analytical  effect 
of  carbonyl  sulfide,  another  of  the  possible  minor  constituents 
of  certain  industrial  gases.  It  seems  unlikely,  however,  that 
carbonyl  sulfide  will  affect  appreciably  the  results  obtained 
by  this  method  (4)  •  • 

Conclusion 

A  method  has  been  described  for  the  rapid  determination 
of  hydrogen  sulfide  and  mercaptans,  and  its  limits  of  error 
over  a  useful  range  have  been  shown.  Its  application  to  gases 
having  a  concentration  of  only  fractional  grains  of  these  sub¬ 
stances  per  100  cubic  foot  of  gas  has  not,  as  yet,  been  explored, 
but  semi  quantitative  tests  indicate  a  probable .  satisfactory 
delicacy  for  the  procedure.  The  method  is  unlimited  as  to 
size  of  sample;  it  is  independent  of  the  action  of  unsaturated 
hydrocarbons  and  free  from  certain  manipulative  difficulties 
often  encountered  in  the  iodometric  titration  of  alkaline  sul¬ 
fides.  The  method  is  submitted  at  this  time  upon  the  urgent 
request  of  specialists  in  this  field  because  of  the  lack  of  a 
satisfactory  rapid  means  of  making  these  determinations. 
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Reduction  Method  for  Evaluation  of  Titanium 

Dioxide 
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WHILE  investigating  a  more  convenient  method  for  the 
analysis  of  titanium  paint  pigment  it  was  found  neces¬ 
sary  to  develop  a  rapid,  easy,  and  sufficiently  accurate  method 
for  the  determination  of  titanium  for  laboratory  control  pur¬ 
poses.  Since  the  gravimetric  methods  are  somewhat  tedious 
and  time-consuming,  it  was  considered  advisable  to  attempt  a 
modification  of  one  of  the  volumetric  methods.  A  review  of 
the  literature  relating  to  the  evaluation  of  titanium  by  re¬ 
duction  and  subsequent  titration  with  an  oxidizing  agent 
indicates  that,  although  there  are  a  number  of  volumetric 
methods  for  determining  titanium,  certain  objections  have 
been  raised  in  accepting  these  methods  for  industrial  routine 
analysis. 


A.  500-ml.  suction  flask 

B.  6.25-cm.  conical  funnel 

C.  30-mesh  zinc 

D.  Glass  wool 


The  methods  of  Pisani  (8),  Marignac  (5),  and  Wells  and 
Mitchell  (10)  either  give  low  results  or  require  operating  in  an 
atmosphere  of  carbon  dioxide.  The  procedure  described  by 
Newton  (7)  gives  good  results,  but  it  is  necessary  to  work  in  an 
atmosphere  of  hydrogen,  employing  a  flask,  delivery  tube,  and 
separatory  funnel.  Titrations  are  not  carried  out  until  all  the 
zinc  is  dissolved.  Lundell  and  Knowles  (4)  report  good  results 
using  a  Jones  reductor  with  a  bore  of  19  mm.  and  a  zinc  amalgam 
column  43  cm.  in  length;  shortening  the  column  of  the  reductor 
(8)  they  were  unable  to  get  good  results  for  titanium.  Neumann 
and  Murphy  (6)  recommend  the  reduction  of  titanium  with  a 
stick  of  zinc  in  a  hydrochloric  acid  solution  and  finally  titrate 
with  a  solution  of  methylene  blue  in  an  atmosphere  of  carbon 
dioxide.  Jarmus  and  Willets  (8)  use  a  Jones  reductor,  commonly 
used  in  the  paint  industry,  consisting  of  a  dispensing  buret  about 
66  cm.  long  and  5  cm.  in  diameter.  The  reductor  is  charged  with 
20-mesh  and  10-mesh  amalgamated  zinc.  The  reduced  titanium 
is  titrated  with  a  standard  solution  of  ferric  ammonium  sulfate, 
using  ammonium  thiocyanate  as  indicator,  in  an  atmosphere  of 
carbon  dioxide.  Hope,  Moran,  and  Ploetz  ( 1 )  suggest  the  use  of 
liquid  zinc  amalgam  in  a  more  elaborate  apparatus  than  de¬ 
sirable  for  a' routine  control  method. 


The  purpose  of  this  paper  is  to  describe  a  volumetric  method 
for  the  determination  of  titanium  which  is  based  on  the  re¬ 
duction  of  Tin  to  Ti111  by  granular  zinc  and  sulfuric  acid. 
The  Ti111,  which  is  rather  unstable  and  easily  oxidized,  is 
finally  poured  through  a  funnel  containing  30-mesh  zinc. 
The  titanous  solution  is  reoxidized  at  once  with  ferric  ions 
the  usual  way,  and  the  resulting  ferrous  ions  are  titrated 
with  standard  permanganate  solution  (Figure  1). 

Reagents 

Titanium  dioxide,  purity  98.62  per  cent  (determined  by  the 
cupferron  method) 

Ammonium  sulfate,  c.  p.  reagent  grade 

Zinc,  30-mesh,  c.  p.  reagent  grade 

Ferric  ammonium  sulfate,  c.  p.  reagent  grade:  100  grams  per 
liter  of  0.5  M  sulfuric  acid  solution 

Sulfuric  acid,  36  N,  c.  p.  reagent  grade 

Potassium  permanganate,  approximately  0.1  and  0.05  N 
solutions  prepared  in  the  usual  way  and  standardized  against 
sodium  oxalate 

Method 

Accurately  weigh  0.05-  to  0.5-gram  samples  of  dry  titanium 
dioxide,  and  dissolve  by  heating  in  20  ml.  of  concentrated  sulfuric 
acid  and  7  to  8  grams  of  ammonium  sulfate.  Allow  the  solution 
to  cool  and  then  dilute  to  a  volume  of  100  ml.  (should  any  in¬ 
soluble  material  be  present,  filter  and  wash  the  residue  with  5 
per  cent  sulfuric  acid).  Dilute  the  filtrate  to  a  volume  of  ap¬ 
proximately  200  ml.,  so  as  to  give  about  a  10  per  cent  sulfuric 
acid  solution.  Add  2  grams  of  30-mesh  zinc  and  cover  the  beaker 
with  a  watch  glass.  Allow  the  reaction  to  continue  until  a  definite 
violet  color  develops  (0.1  gram  of  titanium  dioxide  requires  about 
10  minutes  for  complete  reduction).  Pour  approximately  25 
ml.  of  ferric  alum  solution  into  the  suction  flask  and  dilute  with 
distilled  water  until  the  level  of  the  solution  rises  well  above  the 
end  of  the  funnel  stem.  Place  the  funnel,  previously  stocked  with 
30-mesh  zinc,  in  the  suction  flask.  Add  through  this,  with  moder¬ 
ate  suction,  75  ml.  of  5  per  cent  sulfuric  acid.  Keep  the  funnel 
filled  with  solution  up  to  the  level  of  the  zinc  during  the  complete 
operation.  Pour  the  titanium  solution  through  immediately 
after  the  wash  solution,  and  follow  by  another  75  ml.  of  5  per 
cent  sulfuric  acid,  and  finally  distilled  water.  Gradually  re¬ 
lease  the  suction  and  wrash  the  funnel  stem.  Titrate  with  the 
standard  permanganate  solution.  Make  a  blank  determination 
under  the  same  conditions  without  the  titanium  and  subtract 
this  value  from  the  original  titration.  Calculate  the  percentage 
of  titanium  dioxide. 

Results  and  Discussion 

The  analytical  results  obtained  by  checking  the  volumetric 
method  with  two  gravimetric  methods  (9)  are  summarized 
in  Table  I. 

The  titanium  was  precipitated  with  cupferron  from  a  sulfuric 
acid  solution,  filtered,  washed,  ignited  to  titanium  dioxide,  and 
weighed.  In  the  basic  chloride  method,  the  titanium  was  pre- 


Table  I.  Experimental  Determination  of  Titanium 


Basic  Chloride 

Dioxide 

Volumetric  Method 

Method 

Cupferron  Method 

% 

% 

% 

98.53 

98.66 

98.74 

98.60 

98.60 

98.40 

98.60 

98.39 

98.48 

98.64 

... 

.  .  . 

98.56 

Av.  98.57 

98.62 

98.54 
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ciDitated  with  ammonium  hydroxide  from  a  sulfuric  acid  solution, 
dissolved  in  hydrochloric  acid,  precipitated  by  hydrolysis  as  the 
basic  chloride,  filtered,  washed,  ignited,  and  weighed  as  titanium 
dioxide.  Attempts  were  made  to  precipitate  the  titanium  with 
ammonium  hydroxide,  ignite  to  the  oxide,  and  weigh.  This 
method  was  finally  discarded  on  account  of  high  results. 
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Comparison  of  the  volumetric  method  with  the  basic 
chloride  and  the  cupferron  methods  shows  an  average  per¬ 
centage  deviation  of  — 0.03  and  0.08,  respecti\  ely. 

Certain  precautions  (no  more  severe  than  those  required 
with  a  Jones  reductor)  must  be  observed  in  the  volumetric 
method.  In  preparing  the  zinc  column  the  glass  wool  should 
be  well  packed ;  otherwise  the  smaller  pieces  of  zinc  (through 
constant  reaction  with  the  sulfuric  acid  solutions)  will  pass 
through  to  the  ferric  sulfate  solution  and  give  high  results. 
It  is  advisable  to  repack  the  funnel  after  about  every  twenty 
analyses,  and  to  run  a  blank  for  every  two  or  three  deter¬ 
minations.  The  zinc  may  be  used  again  for  repacking,  pro¬ 
viding  it  can  be  retained  on  a  30-mesh  sieve. 

The  relationship  of  time  for  the  zinc  to  be  in  contact  with 
the  titanium  solution  before  filtering,  and  the  concentration 
by  volume  of  the  sulfuric  acid  was  determined  (Table  II). 
In  each  case,  good  results  were  obtained  only  when  the  solu¬ 
tion  took  on  a  distinct  violet  color.  The  more  concentrated 
the  acid  the  less  time  required  for  contact  with  the  zinc.  In 
the  case  of  a  5  per  cent  sulfuric  acid  solution,  it  took  at  least 
15  minutes  for  reduction  in  the  beaker,  for  a  10  per  cent  solu¬ 
tion  about  10  minutes,  and  for  a  15  per  cent  solution  about  5 
minutes.  Tests  were  made  on  titanium  solutions  which  were 
not  treated  with  zinc  and  acid  before  passing  through  the 
reductor.  Low  results  were  obtained,  and  in  no  case  could 
they  be  duplicated. 


Table  II.  Relationship  between  Time  and  Acid 
Concentration 


(0.04930  gram  of  TiCh  taken) 


Time 

Coned.  H2SO< 

TiCh  Found 

Min. 

Vol.  % 

Gram 

5 

5 

0.04597 

10 

5 

0 . 04767 

15 

5 

0.04946 

20 

5 

0.04924 

25 

5 

0 . 04969 

5 

10 

0 . 04744 

10 

10 

0.04924 

15 

10 

0 . 04980 

20 

10 

0 . 04942 

5 

15 

0.04913 

10 

15 

0.04935 

15 

15 

0.04924 

Deviation 
Gram 
-0.00333 
-0.00163 
+0.00016 
-0.00006 
+0.00039 
-0.00186 
-0.00006 
+  0.00050 
+  0.00012 
-0.00017 
+0.00005 
-0.00006 


Summary 

An  accurate  volumetric  method  is  described  for  the  deter¬ 
mination  of  titanium  dioxide.  Results  compare  favorably 
with  those  obtained  by  two  standard  gravimetric  methods. 
The  advantages  are  the  elimination  of  the  use  of  amalgams, 
availability  and  inexpensive  nature  of  the  apparatus,  and 
ease  of  assembly. 
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THE  apparatus  described  below  may  prove  of  use  in  some 
applications  of  the  Jones  reductor.  It  allows  reduction  of 
warm  solutions  (when  reduction  will  be  more  rapid)  which 
might  be  reoxidized  by  air  at  higher  temperatures.  Solutions 
of  iron  can  be  reduced  very  rapidly  by  this  means. 


The  exit  tube  of  the  Jones  reductor  (Figure  1)  is  fitted  with  a 
three-way  tap,  one  tube  opening  to  the  air  and  the  other  bemg 
connected  by  means  of  a  vertical  glass  tube  to  the  top  of  a  cooling 
coil  surrounded  by  cooling  water.  The  lower  end  of  the  coil  is 
connected  to  a  Witts  filter  apparatus,  in  order  that  the  solution 
may  be  collected  in  a  beaker. 

As  set  up  for  use,  the  Witts  filter  apparatus  was  connected  to 
a  water  pump  to  draw  the  sample  through  the  system,  the  waste 
water  passing  through  the  jacket  of  the  cooling  cod.  The  tubing 
should  be  about  4  mm.  in  internal  bore;  under  these  conditions 
the  liquid  passing  through  will  completely  fill  the  tube 

To  use  the  apparatus  a  beaker  is  placed  m  the  Witts  filter 
apparatus  and  the  water  is  turned  on,  only  a  slight  vacuum  being 
required.  A  little  warm  water  is  poured  into  the  Jones  reductor 
and  the  three-way  tap  is  turned  to  allow  the  water  to  pass  to  the 
beaker.  The  warm  solution  to  be  reduced  is  passed  in  the  usual 
wav  followed  by  a  little  wash  water.  The  three-way  tap  is 
turned  to  allow  air  to  enter  the  tube,  so  that  all  the  liquid  passes 
from  the  tubing  into  the  beaker.  Under  these  conditions  the 
solution  after  reduction  does  not  come  in  contact  with  any  air 

UnThe°cooling  coil  used  was  the  damaged  coil  condenser  of  a 
Soxhlet  extraction  apparatus. 


Determination  of  Small  Amounts  of 
Beryllium  in  Silicates 

E.  B.  SANDELL,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  amount  of  beryllium  reported  by  Goldschmidt  and 
his  co-workers  (2,  8)  in  certain  silicates  (e.  g.,  0.01  to 
0.1  per  cent  of  beryllium  oxide  in  nephelite)  and  silicate  rocks 
(an  average  of  0.002  per  cent  of  beryllium  oxide  in  14  granites 
and  0.003  per  cent  in  22  leucocratic  nepheline  syenites)  is 
large  enough  to  permit  the  expectation  that  a  chemical 
method  might  be  developed  for  the  determination  of  these 
small  quantities  of  the  element.  Such  a  method  might  prove 
useful  in  the  occasional  determination  of  beryllium  in  nephe¬ 
lite  and  other  silicates,  and  even  in  some  silicate  rocks,  when 
spectrographic  equipment  is  not  available. 

In  sodium  hydroxide  solution  (7)  morin  gives  a  sensitive 
fluorescence  reaction  with  beryllium,  which  under  the  proper 
conditions  can  be  made  practically  specific  for  beryllium  ( 5 ). 
Its  sensitivity  is  greater  than  that  of  the  quinalizarin  reaction 
(1),  which  has  been  used  for  the  determination  of  small 
amounts  of  beryllium  in  silicates  (6).  Accordingly,  morin  has 
been  used  as  the  reagent  in  the  present  method. 

Two  methods  of  determining  minute  amounts  of  beryllium 
in  silicates  were  tried. 

The  first  method  involved  decomposition  of  the  sample  with 
hydrofluoric  and  perchloric  acids,  solution  of  the  residue  in  hy¬ 
drochloric  acid,  precipitation  of  the  hydroxides  of  beryllium, 
aluminum,  iron,  etc.,  with  a  slight  excess  of  ammonium  hy¬ 
droxide,  solution  of  the  precipitate  in  hydrochloric  acid,  and  fi¬ 
nally  precipitation  of  the  hydroxyquinolates  of  aluminum,  iron, 
etc.,  in  the  usual  manner.  A  filtrate  was  thus  obtained  which  it 
was  thought  would  contain  the  beryllium  originally  present. 
This  solution  was  extracted  with  chloroform  to  remove  the  excess 
of  8-hydroxyquinoline  and  traces  of  aluminum  and  iron  hydroxy¬ 
quinolates,  and  then  evaporated  to  dryness.  Ammonium  salts 
were  destroyed  by  heating  the  residue  with  nitric  and  hydro¬ 
chloric  acids.  The  residue  was  taken  up  in  a  little  hydrochloric 
acid,  the  solution  was  made  alkaline  with  sodium  hydroxide, 
morin  was  added,  and  beryllium  was  determined  by  comparing 
the  fluorescent  solution  with  a  series  of  standards. 

This  method  failed  to  give  satisfactory  results.  Only 
about  50  per  cent  of  the  beryllium  present  could  be  recovered 
from  a  granite  containing  0.005  per  cent  of  the  element.  It 
appeared  that  beryllium  was  not  completely  precipitated  with 
the  hydroxides  of  aluminum  and  iron  under  the  conditions 
described.  The  presence  of  beryllium  could  be  demonstrated 
in  the  filtrate.  Coprecipitation  of  beryllium  with  the  hy¬ 
droxyquinolates  of  aluminum  and  iron  was  negligible.  Since 
the  procedure  described  was  time-consuming,  attempts  to 
improve  the  recovery  of  beryllium  were  not  made,  and  the 
second  method  was  tried,  and  found  to  yield  more  satisfactory 
results. 

Outline  of  Method 

The  silicate  sample  is  decomposed  by  fusion  with  sodium  hy¬ 
droxide,  and  ice  is  added  to  the  cold  melt.  This  method  of  de¬ 
composition  has  been  used  by  Rienacker  (4)  for  the  detection  of 
beryllium  in  silicates,  and  also  for  the  rough  estimation  of  the 
element,  with  quinalizarin  as  reagent.  The  mixture  is  filtered 
after  disintegration  of  the  melt,  and  the  insoluble  material  is 
washed  and  re-fused  with  sodium  hydroxide.  Beryllium  is  then 
determined  in  aliquot  portions  of  the  two  filtrates  by  adding  morin 
and  comparing  with  a  standard  series  in  ultraviolet  light. 

Procedure 

The  following  procedure  is  in  general  applicable  to  silicates 
low  (containing  less  than  10  per  cent)  in  ferric,  ferrous,  mag¬ 
nesium,  calcium,  and  titanium  oxides.  The  sample  must 


contain  less  than  0.1  per  cent  of  lithium  oxide  when  0.2  gram 
is  taken  for  analysis. 

Transfer  0.20  gram  of  the  finely  powdered  sample  containing 
from  0.0002  to  0.0025  per  cent  of  beryllium  to  a  nickel  crucible  in 
which  1.0  gram  of  sodium  hydroxide  has  been  fused  and  allowed 
to  cool.  For  higher  percentages  of  beryllium  the  size  of  sample 
should  be  reduced  proportionately,  but  the  amount  of  sodium 
hydroxide  should  be  maintained  at  1.0  gram.  Heat  to  fusion  and 
maintain  at  a  temperature  of  about  500°  C.  for  5  minutes  or 
until  the  sample  has  been  decomposed.  Allow  the  crucible  to 
cool  to  room  temperature,  and  add  8  to  10  grams  of  ice.  If  the 
melt  is  green  add  2  or  3  drops  of  alcohol.  Disintegration  of  the 
melt  can  be  hastened  considerably  by  stirring  or  agitating  the 
liquid.  When  disintegration  is  complete  and  manganate  has 
been  reduced,  transfer  the  mixture  to  a  small  (30-ml.)  beaker,  add 
sufficient  water  to  make  the  volume  20  ml.,  and  stir.  Filter 
through  a  small  (7-cm.)  retentive  filter  paper  into  a  25-ml.  volu¬ 
metric  flask.  Wash  the  residue  and  the  paper  with  small  portions 
of  water,  make  up  the  filtrate  to  25  ml.,  and  mix. 

Ignite  the  paper  and  its  contents  in  a  platinum  crucible,  trans¬ 
fer  the  residue  to  a  nickel  crucible,  grind  the  solid  to  a  fine  powder 
with  a  glass  rod,  add  1.0  gram  of  sodium  hydroxide,  and  fuse  as 
before.  Treat  the  melt  as  described  above  and  finally  make  up 
the  filtrate  and  washings  to  25  ml.  A  third  fusion  will  be  unneces¬ 
sary  in  most  cases,  but  may  be  carried  out  as  a  precautionary 
measure. 

Beryllium  is  determined  separately  in  the  filtrates  from  the 
two  fusions  as  follows:  Transfer  5  ml.  of  solution  to  a  2  X  7  cm. 
vial.  In  similar  vials,  prepare  a  series  of  beryllium  standards, 
each  containing  0.20  gram  of  sodium  hydroxide  and  having  the 
same  volume  as  the  unknown  solution.  To  each  vial  add  2.0  ml. 
of  saturated  sodium  pyrophosphate  solution  and  0.10  ml.  of  0.02 
per  cent  (weight  by  volume)  solution  of  morin  in  acetone.  If  the 
presence  of  appreciable  amounts  of  zinc  is  suspected,  add  1  ml.  of 
5  per  cent  potassium  cyanide  to  the  unknown  and  standards. 
Mix,  and  compare  the  solutions  in  ultraviolet  fight.  A  screened 
mercury  glow  lamp  is  a  satisfactory  source  of  ultraviolet  fight. 
The  comparison  should  be  made  without  undue  delay  because  the 
fluorescence  decreases  slowly  on  standing.  The  unknown  solu¬ 
tion  and  the  standard  showing  the  same  intensity  of  fluorescence 
should  also  show  very  nearly  the  same  intensity  of  yellow  color 
in  daylight  when  compared  against  a  white  background. 

The  comparison  can  be  made  in  strong  daylight  (preferably  in 
direct  sunlight)  against  a  dark  shaded  background  if  the  amount 
of  beryllium  present  in  an  aliquot  is  greater  than  1  microgram 
and  the  solution  is  entirely  free  from  opalescence  or  turbidity. 
In  this  case  the  amount  of  morin  added  should  be  increased  ap¬ 
propriately. 

In  ultraviolet  light  0.1  microgram  of  beryllium  gives  a 
slightly  stronger  fluorescence  than  a  blank  under  the  condi¬ 
tions  described.  A  faint  turbidity  has  no  significant  effect  if 
the  comparison  is  made  in  ultraviolet  light. 

Discussion 

The  results  obtained  by  applying  the  method  are  given  in 
Table  I.  Double  fusions  were  made  except  in  Nos.  8,  9, 10, 11, 
and  12.  The  recovery  of  beryllium  by  double  fusion  is  satis¬ 
factory  in  the  case  of  silicates  containing  relatively  small 
amounts  of  iron,  magnesium,  and  calcium.  Thus  good  results 
were  obtained  in  the  analyses  of  the  synthetic  acid  rock  and 
granite  in  which  the  sum  of  ferric,  ferrous,  magnesium, 
calcium,  and  titanium  oxides  was,  respectively,  5.8  and  7.4 
per  cent.  Satisfactory  recovery  of  beryllium  could  not  be  ob¬ 
tained  in  the  case  of  the  synthetic  basic  rock  and  the  diabase 
in  which  the  sum  of  ferric,  ferrous,  magnesium,  calcium,  and 
titanium  oxides  was,  respectively,  24  and  25.9  per  cent.  On 
the  basis  of  these  results,  the  procedure  described  should  be 
applicable  to  silicates  such  as  nephelite  or  to  a  typical  granite. 
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With  0.025  gram  of  a  silicic  sample  (granite)  one  fusion  yielded 
a  rather  good  recovery  of  beryllium.  However,  when  such  a 
small  sample  is  used,  the  beryllium  content  of  the  material 
should  be  greater  than  0.005  per  cent. 


Table  I. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Determination  of  Beryllium  in  Silicates  after 
Double  Fusion  with  Sodium  Hydroxide 


Sample 


Synthetic  acid  rockb  (0.2  gram) 
Synthetic  acid  rock  (0.2  gram) 
Nephelitec  (0.2  gram) 

Granite/  (0.2  gram) 

Granite  (0.2  gram) 

Granite  (0.2  gram) 

Granite  (0.2  gram) 

Granite  (0.05  gram)  * 

Granite  (0.025  gram)  e 
Granite  (0.025  gram) 8 
Granite  (0.025  gram)  8 
Quartz  (0.2  gram) 8 
Synthetic  basic  rock/  (0.2  gram) 
Diabase®  (0.2  gram) 

Diabase  (0.2  gram) 

Synthetic  acid  rock  (0.2  gram)  + 
0.10%  Li  ,  , 

Synthetic  acid  rock  (0.2  gram)  + 
0.10%  Zn  „  „ 

Granite/  (0.2  gram)  +  0.05%  Cu 


Be 

Be 

Present® 

Found 

Error 

% 

% 

% 

0.0005 

0.0005 

0.0000 

0.0010 

0.0011 

+0.0001 

0.0015 

0.0015 

0.0000 

0.0015 

0.0015 

0.0000 

0.0015 

0.0014 

-0.0001 

0.0030 

0.0027 

-0.0003 

0.0055 

0.0050 

-0.0005 

0.0025 

0.0015 

-0.0010 

0 . 0045 

0.0040 

-0.0005 

0.0085 

0.0070 

-0.0015 

0.021 

0.020 

-0.001 

0.0020 

0.0024 

+  0.0004 

0.0010 

0.0005 

-0.0005 

0.0010 

0 . 0005 

-0.0005 

0.0020 

0.0012 

-0.0008 

0.0000 

0.0003 

+0.0003 

0.0000 

0.0000 

0.0000 

0.0020 

0.0022 

+  0.0002 

added. 

)3  17,  FesOs  2.1,  MgO  1.3,  CaO 
ed  no  Be  (<0.0002%). 

d  Percentage  composition:  SiCh  68,  AI2O3  15,  Fe203  0.6,  FeO  3.3,  MgO  0.8, 
CaO  2  0  Na20  3.4,  K2O  5.1,  Ti02  0.7,  P2Os  0.2,  MnO  0.1,  BaO  0.1,  Cu  0.002, 
Zn  0.007,  Pb  0.001,  Be  0.0005. 

8  Single  fusion  with  1.0  gram  NaOH. 

/  Percentage  composition:  Si02  55,  AhOs  20,  Fe203  10,  MgO  6,  CaO  7, 

0  Percentage  composition:  Si02  47,  AI2O3  21,  Fe2Os  3.3,  FeO  5.6,  MgO 
4  7,  CaO  11.2,  Na20  2.5,  K2O  0.3,  Ti02  1.1,  P2O6  0.2,  MnO  0.1,  Cu  0.012, 
Zn  0.008. 


Some  figures  may  be  given  to  show  the  relative  amounts  of 
beryllium  recovered  in  the  first  and  second  fusions.  For 
samples  2,  3,  and  7  the  percentages  of  total  beryllium  re¬ 
covered  in  the  first  and  second  fusions  were,  respectively,  55 
and  45,  100  and  0,  and  70  and  30. 

Beryllium  can,  at  least  in  some  cases,  be  determined  in 
subsilicic  samples  if  present  to  the  extent  of  some  hundredths 
of  a  per  cent  or  more,  by  taking  a  small  sample  and  making  a 
double  sodium  hydroxide  fusion.  Thus  10  mg.  of  vesuvian- 
ite  (cyprine)  containing  approximately  30  per  cent  of  calcium 
oxide  yielded  0.040  per  cent  of  beryllium  by  a  single  fusion, 
0.055  per  cent  by  a  double  fusion,  and  0.060  per  cent  by  a 
triple  fusion.  In  each  fusion  1.0  gram  of  sodium  hydroxide 
was  used. 

It  has  been  shown  elsewhere  ( 5 )  that  calcium,  lithium,  and 
zinc  can  give  a  fluorescence  with  morin  in  basic  solution 
similar  to  that  given  by  beryllium.  Calcium  usually  causes 
no  difficulties  in  the  procedure.  In  a  sample  containing  four 
or  five  times  as  much  silicon  oxide  as  calcium  oxide,  the 
amount  of  calcium  passing  into  the  filtrate  after  the  first  or 
second  sodium  hydroxide  fusion  is  so  small  that  it  gives  no 
perceptible  fluorescence  with  the  reagent.  Thus  the  solutions 
obtained  from  the  synthetic  acid  and  basic  rocks  showed  no 
fluorescence  with  morin.  However,  with  silicates  containing 
much  calcium — for  example,  vesuvianite — calcium  may  be 
found  in  the  filtrate,  and  then  sodium  pyrophosphate  must  be 
added  to  the  solution  to  prevent  the  fluorescence  of  this  ele¬ 
ment. 

The  fluorescence  given  by  lithium  with  morin  is  compara¬ 
tively  weak,  being  approximately  V soo  as  strong  as  that  shown 
by  beryllium  (comparison  in  1  A  sodium  hydroxide).  Ac¬ 
cordingly  when  a  0.20-gram  sample  is  taken,  a  lithium  con¬ 
tent  of  0.05  per  cent  (or  about  0.1  per  cent  of  lithium  oxide) 
would  give  an  apparent  beryllium  content  of  0.0001  per  cent. 
With  a  smaller  sample  a  correspondingly  larger  amount  of 
lithium  may,  of  course,  be  present.  If  the  fluorometric  com¬ 
parison  is  made  in  a  solution  having  a  lower  sodium  hydroxide 


concentration  than  1  N,  the  ratio  of  lithium  to  beryllium  may 
be  greater,  since  the  intensity  of  fluorescence  of  beryllium  in¬ 
creases  much  more  rapidly  than  that  of  lithium  when  the 
alkalinity  is  decreased.  Unfortunately,  undue  dilution  of  the 
filtrate  after  the  sodium  hydroxide  fusion  is  not  always  per¬ 
missible  because  in  some  cases  the  solution  then  becomes 
markedly  turbid. 

Comparatively  large  amounts  of  zinc  are  required  to  give 
a  fluorescence  with  morin.  One  milligram  of  zinc  in  5  ml.  of 
1  N  sodium  hydroxide  shows  roughly  the  same  intensity  of 
fluorescence  in  ultraviolet  light  as  0.1  to  0.2  microgram  of 
beryllium.  In  other  words,  a  0.2-gram  sample  containing 
2.5  per  cent  of  zinc  analyzed  by  the  procedure  given  would 
show  an  apparent  beryllium  content  of  0.0005  per  cent  or 
less.  In  most  samples  such  high  zinc  contents  will  not  be 
encountered.  When  necessary,  cyanide  may  be  added  to 
destroy  the  zinc  fluorescence.  Five  milliliters  of  1  N  sodium 
hydroxide  solution  containing  10  mg.  of  zinc  show  no  more 
fluorescence  than  a  blank  after  treatment  with  1  ml.  of  5  per 
cent  potassium  cyanide. 

Under  the  conditions  described  in  the  procedure  none  of 
the  other  common  elements  (including  titanium  and  zir¬ 
conium)  gives  a  perceptible  fluorescence  (5) .  In  addition 
rubidium,  cesium,  lanthanum,  gallium,  indium,  thallium, 
cerium,  thorium,  columbium,  tantalum,  molybdenum,  tung¬ 
sten,  and  uranium  will  not  show  fluorescence  with  morin 
under  the  same  conditions.  Scandium  if  present  alone  in 
solution  is  not  completely  precipitated  by  1  N  sodium  hy¬ 
droxide  and  the  filtrate  fluoresces  in  ultraviolet  light  when 
treated  with  morin.  However  a  0.2-gram  sample  of  synthetic 
acid  rock  to  which  0.2  per  cent  of  scandium  oxide  had  been 
added  yielded  solutions  which  showed  no  fluorescence,  after 
either  the  first  or  second  sodium  hydroxide  fusion. 

Silicate,  phosphate,  fluoride,  and  borate  do  not  affect  the 
fluorescence  of  the  beryllium-morin  compound.  Copper  in 
small  amounts  (No.  18,  Table  I)  does  not  interfere,  but  may 
do  so  if  present  in  large  amounts  because  any  cupric  copper 
passing  into  the  filtrate  will  oxidize  and  destroy  the  reagent. 
Manganate  must  be  reduced  with  alcohol.  Chromate  leads 
to  low  results  if  present  in  any  quantity;  0.02  per  cent 
chromic  oxide,  as  chromate,  may  be  present  when  a  0.2-gram 
sample  is  used.  As  much  as  0.1  per  cent  of  quinquevalent 
vanadium  does  no  harm. 

A  possible  error  in  the  determination  may  arise  from  a 
difference  in  alkalinity  of  the  comparison  and  the  final  sample 
solutions,  because  the  intensity  of  fluorescence  of  the  beryl¬ 
lium-morin  compound  decreases  markedly  with  an  increase 
in  the  sodium  hydroxide  concentration  of  the  solution.  How¬ 
ever,  even  with  a  0.2-gram  sample  (fused  with  1.0  gram  of 
sodium  hydroxide)  the  alkalinity  of  the  filtrate,  diluted  to 
25  ml.,  is  sufficiently  close  to  that  of  the  comparison  solution 
containing  1.0  gram  of  sodium  hydroxide  in  the  same  volume 
to  permit  results  of  substantial  accuracy. 

No  claims  of  great  accuracy  can  be  made  for  the  method. 
Leaving  out  of  account  the  possible  retention  of  beryllium 
in  the  residue  after  two  fusions,  a  considerable  error  may  be 
made  in  the  fluorometric  comparison.  The  accuracy  of  the 
latter  is  about  ±  10  per  cent  for  optimum  amounts  (0.5  to  1 
microgram  of  beryllium)  and  may  be  less  for  smaller  amounts. 
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Potassium-Sodium  Cobaltinitrite  Precipitate 

REX  J.  ROBINSON  AND  JAMES  D.  HAUSCHILDT 
University  of  Washington,  Seattle,  Washington 


IN  THE  determination  of  potassium  as  cobaltinitrite 
most  investigators  have  assumed  that  the  composition 
of  the  potassium-sodium  cobaltinitrite  precipitate  produced 
under  ideal  conditions  corresponds  to  the  formula  K2NaCO- 
(N02)6.H20,  though  a  few  have  maintained  that  it  is  a  mixture 
of  compounds. 

Van  Rysselberge  (8)  accounted  for  the  nonstoichiometric 
composition  of  precipitate  which  he  obtained  on  the  basis  that 
it  was  a  mixture  of  the  mono-  and  trihydrates  of  dipotassium- 
sodium  cobaltinitrite.  In  gravimetric  estimations  variation 
in  hydration  causes  erratic  results  ( 9 ),  whereas  in  colorimetric 
or  volumetric  work  it  has  no  effect.  To  explain  nonstoichio¬ 
metric  precipitates  in  such  cases  there  must  be  a  variation 
other  than  hydration.  The  most  reasonable  explanation  is 
that  there  is  a  mixture  of  KNa2C0(N02)6  and  K2NaCo- 
(N02)6.  In  support  of  this  idea  Sobel  and  Kramer  (7)  found 
in  the  precipitate  a  potassium-cobalt  ratio  of  2  to  1.2,  which 
would  indicate  such  a  mixture.  The  results  of  Hubbard  (4) 
could  have  been  due  to  such  a  mixture,  though  he  thought  it 
more  likely  that  the  precipitate  was  pure  K2NaCo(N02)6 
and  that  the  deviations  resulted  from  experimental  errors. 
Scheuler  and  Thomas  ( 6 )  obtained  a  precipitate,  formed  at  a 
low  temperature  in  an  alcoholic  solution,  which  corresponded 
to  the  formula  K^Nai^CotNCkOe. 

Preliminary  to  the  analysis  of  sea  water  samples  for  their 
potassium  content,  a  thorough  study  of  the  cobaltinitrite 
method  was  made  in  all  its  phases.  Particular  emphasis  was 
placed  on  the  application  of  the  procedure  of  Scheuler  and 
Thomas  to  the  analysis  of  sea  water.  It  was  found  that  the 
composition  of  the  precipitate  could  vary,  depending  upon  the 
condition  of  precipitation  and  the  method  of  handling  the 
precipitate.  As  the  literature  on  this  point  is  incomplete, 
scattered,  and  controversial  and  is  not  fully  appreciated,  the 
following  experimental  results  are  presented. 

Experimental  Results 

Reagents  and  Method  of  Estimation.  In  general  the  condi¬ 
tions  of  determination  were  as  specified  by  Scheuler  and  Thomas. 
Except  as  specifically  noted,  the  only  variation  in  the  procedure 
was  in  the  manner  of  titration  of  the  potassium-sodium  cobaltini¬ 
trite  with  permanganate  solution.  When  the  approximate  po¬ 
tassium  content  was  known,  the  nitric  acid  was  not  added  until 
just  before  the  end  point.  In  this  manner  an  oxidizing  agent 
(MnO^EERO)  was  present  when  the  solution  was  acidified  and 
there  was  little  opportunity  for  loss  of  oxides  of  nitrogen.  More¬ 
over,  the  titration  was  made  with  the  solution  at  a  temperature 
of  almost  100°  C.,  thus  facilitating  the  reaction  with  the  nitrite 
without  fear  of  decomposition  of  permanganic  or  nitrous  acids. 

The  reagents  were  prepared  as  recommended  by  Scheuler  and 
Thomas.  A  synthetic  sea  water  was  prepared  by  mixing  the  ap¬ 
propriate  solutions.  When  27.9  grams  of  sodium  chloride,  4.5 
grams  of  sodium  sulfate,  5.8  grams  of  magnesium  chloride,  and 
1.45  grams  of  calcium  chloride  were  dissolved  and  diluted  to 
1  liter,  the  solution  contained  22  parts  of  chlorine  as  chloride  per 
1000  parts  of  solution — i.  e.,  22  °/0o  of  chloride.  Waters  with  less 
chloride  per  kilogram  were  prepared  by  appropriate  dilution. 

Effect  of  Foreign  Turbidity.  Even  when  the  cobaltini¬ 
trite  precipitate  is  to  be  estimated  by  volumetric  titration  or 
by  colorimetric  comparison,  the  precipitating  reagent  should 
be  free  from  suspended  material.  Otherwise  these  particles 
act  as  nuclei  for  the  formation  of  the  potassium-sodium 
cobaltinitrite  crystals  to  give  abnormal  and  irreproducible 
results. 

Composition  of  the  Reagent.  It  has  been  the  custom  to 
prepare  the  sodium  cobaltinitrite  reagent  from  sodium  nitrite 


and  a  cobaltous  salt  in  the  presence  of  acetic  acid.  Conse¬ 
quently  the  precipitation  of  the  potassium-sodium  cobalti¬ 
nitrite  has  been  from  a  solution  containing  acetic  acid.  As 
shown  by  Bowser  (2) ,  the  presence  of  acetic  acid  is  beneficial 
in  preventing  the  adherence  of  the  precipitate  to  the  walls  of 
the  container.  Scheuler  and  Thomas  prepared  the  reagent 
by  dissolving  sodium  cobaltinitrite  in  water.  This  enabled 
them  to  make  the  precipitation  in  a  solution  that  was  just 
acid  with  acetic  acid,  since  they  had  found  that  less  precipi¬ 
tate  was  obtained  from  either  acidic  or  basic  solutions. 
Experiments  of  the  authors  confirmed  this  conclusion.  Al¬ 
though  reproducible  results  were  obtained  in  a  solution  con¬ 
taining  acetic  acid,  it  seemed  desirable  to  reduce  the  solubility 
of  the  precipitate  as  much  as  possible  by  working  with  a 
nearly  neutral  solution.  Consequently  a  reagent  of  pure 
sodium  cobaltinitrite  was  used  throughout  the  work.  With  a 
reduced  temperature  of  precipitation  and  in  an  alcoholic 
solution  there  was  never  any  difficulty  with  the  precipitate’s 
adhering  to  the  beaker  walls  even  in  the  absence  of  acetic 
acid. 

Alcoholic  Precipitation  Reagent.  The  precipitation  of 
potassium-sodium  cobaltinitrite,  for  the  most  part,  has  been 
from  aqueous  solutions.  Scheuler  and  Thomas  precipitated 
from  25  per  cent  (by  volume)  ethyl  alcohol  at  a  temperature 
of  6°  C.  According  to  them  the  beneficial  effect  of  the  alcohol 
was  in  the  formation  of  crystals  of  larger  particle  size  which 
facilitated  their  retention  during  filtration. 

A  series  of  samples,  each  containing  8.79  mg.  of  potassium, 
was  analyzed  to  determine  the  effect  of  alcoholic  concentra¬ 
tion  upon  the  recovery  of  potassium  (Table  I).  The  alcoholic 
concentrations  were  expressed  as  per  cent  of  total  volume, 
which,  including  the  5  ml.  of  reagent  added  to  each  sample, 
was  40  ml.  One  series  of  samples  was  prepared  in  distilled 
water  and  another  in  synthetic  sea  water  where  chloride 
equaled  22  °/oo-  The  precipitation  was  made  at  6°  C. 

Table  I  clearly  shows  the  importance  of  careful  regulation 
of  the  alcohol  concentration,  as  the  quantity  of  precipitate 
recovered  was  a  function  of  the  alcohol  concentration.  The 
increase  in  the  quantity  of  precipitate  was  too  much  to  be 
attributed  to  decreased  solubility.  It  seemed  improbable 
that  the  increasing  recovery  of  precipitate  could  be  explained 
merely  by  the  formation  of  larger  crystals  in  the  alcoholic 
solutions,  as  more  erratic  results  would  be  expected  if  part  of 
the  precipitate  was  passing  through  the  filter.  Rather  it  is 
thought  that  the  precipitate  from  the  alcohol  solutions  con¬ 
tained  a  larger  proportion  of  sodium.  The  effect  of  the 
alcohol  was  more  pronounced  in  the  distilled  water  than  in  the 


Table  I.  Effect  of  Ethyl  Alcohol  Concentrations  upon 

Precipitate 


/ - Disti 

0.1000  N 

Hied  Water - - 

Mg.  of  K 

- - Sej 

0.1000  N 

i  Water - — - 

Mg.  of  K 

Alcohol 

KMnOi 

Ml.  of  KMnOi 

KMnO» 

MI.  of  KMnOi 

% 

Ml. 

Ml. 

0 

12.32 

12.41 

12.42 

0.709 

13.63 

13.59 

0.645 

5 

13.28 

13.39 

0.660 

14.21 

14.24 

0.018 

15 

13.65 

13.79 

0.640 

14.35 

14.39 

0.611 

25 

14.28 

14.28 

0.616 

14.59 

14.62 

0.601 
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Table  II. 


Effect  of  Temperature  of  Precipitation  upon 
Amount  of  Precipitate 

— .  , - At  6°  C.- 


At  23°  C.- 


0.1000  N 
KMnCh 

Mg.  of  K 

Alcohol 

Ml.  of  KMnOi 

% 

Ml. 

0 

12.31 

12.32 

0.710 

25 

12.52 

12.63 

0.698 

0.1000  N 
KMnO< 

Ml. 

13.00 

12.85 

14.28 

14.28 


Mg.  of  K 

Ml.  of  KMnOi 


0.680 


0.616 


sea  water.  More  precipitate  was  obtained  in  sea  water  than 
in  distilled  water  at  the  same  concentration  of  alcohol,  prob¬ 
ably  because  of  the  additional  sodium  ion  present,  but  the 
.difference  became  less  at  the  higher  concentrations  of  alcohol. 

In  distilled  water  with  no  alcohol  present  the  precipitate  was 
•essentially  K2NaCo(N02)6,  which  would  have  had  a  factor 
of  0.71  mg.  of  potassium  per  ml.  of  0.1  N  potassium  perman¬ 
ganate.  As  the  alcohol  concentration  was  increased,  more  and 
more  precipitate  came  down,  until  at  a  concentration  of  25 
per  cent  the  composition  approached  that  found  by  Scheuler 

and  Thomas.  ^  ,  , 

Temperature  of  Precipitation.  Reduced  temperature 
of  precipitation  in  aqueous  solution  has  been  used  by  Peng 
and  in  alcohol  solutions  by  Scheuler  and  Thomas  to  increase 
the  yield  of  precipitate.  The  effectiveness  of  such  a  procedure 
was  investigated  for  distilled  water  solutions  both  with  and 
without  alcohol.  Again  the  potassium  content  was  held  con¬ 
stant  at  8.79  mg. 

With  no  alcohol  present,  lowering  the  temperature  ol  pre¬ 
cipitation  increased  but  slightly  the  quantity  of  precipitate. 
The  addition  of  alcohol  with  precipitation  at  room  tempera¬ 
ture  likewise  gave  but  slightly  more  precipitate.  In  contrast, 
precipitation  from  alcohol  solutions  at  a  reduced  temperature 
gave  considerably  more  precipitate. 

Sodium-Potassium  Ratio.  Cunningham  and  Perkin  (3) 
thought  that  by  having  an  excess  of  sodium  ion  during  pre¬ 
cipitation  more  constant  results  were  obtained.  To  achieve 
this  Maw  and  Miller  ( 5 )  saturated  the  solution  with  sodium 
chloride.  Bonneau  (1)  found  that  when  the  mole  ratio  of 
sodium  to  potassium  was  25  or  greater,  K2NaCo(N02)6  was 
thrown  down  whereas  if  the  ratio  was  less  than  25,  KsCofJN  U2)6 
was  also  precipitated.  Working  with  a  solution  containing 
ethyl  alcohol,  Scheuler  and  Thomas  regulated  the  sodium- 
potassium  ratio  by  adding  a  large  excess  of  reagent.  The  i  act 
that  the  precipitate  which  they  obtained  had  a  formula  ot 
Ki.57Nai.43Co(N02)6  (assuming  all  the  potassium  to  be  precipi¬ 
tated)  rather  than  K2NaCo(N02)e  suggested  that  in  an  al¬ 
cohol  solution  the  influence  of  the  sodium-potassium  ratio 
possibly  is  different  from  that  noted  by  Bonneau.  Various 
experiments  were  performed  to  determine  the  effect  of  the 
sodium-potassium  ratio. 

Sodium  ion  may  be  present  in  the  sample  or  may  be  fur¬ 
nished  entirely  by  the  reagent.  Table  III  shows  the  effect 
of  variation  of  the  quantity  of  the  reagent  for  these  two  con¬ 
ditions.  All  precipitations  were  made  at  6°  C.  with  8.79  mg. 

of  potassium  present.  ......  ~  . 

The  amount  of  the  reagent  apparently  had  little  effect 
upon  the  composition  of  the  precipitate  except  m  the  case  oi 
the  distilled  water  solution  with  2  ml.  of  reagent,  which  gave  a 
sodium-potassium  ratio  of  only  20.  In  the  case  of  the  sea 
water,  where  the  original  sodium-potassium  ratio  was  laige, 
the  same  amount  of  precipitate  was  obtained  regardless  ot  t  e 

amount  of  reagent  used.  .  . 

Numerous  experiments  were  made  in  which  the  volume  oi 
reagent  was  maintained  constant  at  5  ml.  per  sample  and  the 
sodium-potassium  ratio  varied  by  diluting  the  sea  water,  so 
that  chlorinites  over  a  range  of  13  to  22  °/oo  were  obtained. 


Within  the  range  of  experimental  error  there  was  no  signifi¬ 
cant  change  in  the  potassium  factor  caused  by  dilution. 
Again,  the  original  sodium-potassium  ratios  were  so  large  an 
the  relative  change  in  sodium  concentration  so  small  that  such 
a  result  is  not  surprising. 

The  sodium-potassium  ratio  was  also  varied  by  changing 
the  potassium  concentration,  while  maintaining  the  amount 
of  reagent  constant  at  5  ml.  per  sample.  Amounts  of  7.03, 
8.79  and  10.55  mg.  of  potassium  per  sample  were  selected 
because  these  concentrations  covered  the  normal  potassium 
range  in  ocean  waters.  For  comparison  the  same  concentra¬ 
tions  in  distilled  water  were  investigated. 

A  small  increase  in  the  potassium  factor  per  milliliter  o 
potassium  permanganate  was  observed  with  increase  in 
potassium  concentration.  However,  as  the  variations  were 
usually  small  and  within  the  limits  of  experimental  error,  no 
great  importance  is  attached  to  this  factor.  This  conclusion 
seems  reasonable  because  even  in  distilled  water  solutions 
the  sodium-potassium  ratio  was  never  less  than  40. 


Table  III. 

Effect  of  Amount  of  Reagent 

Reagent 

Ml. 

Excess 

Reagent 

0.1000  N 
Na/K  KMnOt 

Ml. 

Mg.  of  K 
Ml.  of  KMnOi 

Distilled  Water 

2.0 

3.5 

5.0 

lOx 

17x 

25x 

20  13.65 

36  14.25 

50  14-30 

0.645 

0.617 

0.614 

Sea  Water,  Cl  =  22  °/oo 

2.0 

3.5 

5.0 

lOx 

17x 

25x 

80  14.61 

95  14.65 

108  14.61 

0.601 

0.599 

0.601 

Accuracy 

Accuracy  of  1  per  cent  is  often  claimed  for  the  determina¬ 
tion  of  potassium  by  this  method.  In  the  present  work  the 
variation  from  the  average  of  a  series  of  samples  run  at  t  e 
same  time  under  the  same  conditions  was  usually  less  than  1 
per  cent.  The  variation  between  results  analyzed  at  different 
times,  however,  was  often  more  than  1  per  cent.  Therefore  in 
order  to  attain  the  greatest  accuracy  in  the  analysis  ot  un¬ 
knowns,  it  is  recommended  that  standard  solutions  be 
analyzed  simultaneously.  A  factor  established  for  one  set  of 
conditions  cannot  be  fairly  used  to  calculate  the  potassium 
analyzed  under  a  different  set  of  conditions,  as  has  been  done 

occasionally. 

Conclusion 

The  composition  of  the  potassium-sodium  cobaltinitrite 
precipitate  can  vary,  depending  upon  the  conditions  of  pre¬ 
cipitation,  the  most  important  being  the  temperature  of 
precipitation,  and  the  alcoholic  and  sodium  concentrations 
of  the  precipitation  medium. 
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A  Simplified  Distinctness-of-Image  Glossmeter 

ROBERT  J.  MYERS,  Resinous  Products  &  Chemical  Co.,  Inc.,  Philadelphia,  Penna. 


A  simple  glossmeter  capable  of  measur¬ 
ing  a  distinctness-of-image  gloss  value  was 
designed  on  the  basis  of  an  optical  prin¬ 
ciple.  Trials  with  paint  and  enamel  films 
indicate  that  the  instrument  is  well  suited 
for  the  measurement  of  a  gloss  value  as¬ 
sociated  with  distinctness-of-image  gloss 
as  observed  by  the  eye.  It  is  simple  in 
construction  and  operation,  and  is  capable 
of  yielding  a  reproducible  gloss  value  in 
numerical  form. 

THE  measurement  of  the  gloss  of  a  paint  or  enamel  film 
has  been  the  subject  of  many  extensive  investigations. 
The  definition  of  the  term  “gloss”  has  been  discussed  at  length 
by  various  investigators;  recently,  Hunter  and  Judd  (3) 
showed  that  it  might  well  involve  considerations  of  specular 
and  diffuse  reflections,  sheen,  absence  of  bloom,  and  dis¬ 
tinctness-of-image  gloss.  On  the  basis  of  studies  correlating 
observation  by  eye  with  measurements  made  on  an  instru¬ 
ment  designed  to  measure  mainly  specular  gloss,  Hunter  (3) 
has  proposed  a  method  of  rating  painted  surfaces  in  five 
classes:  high  gloss,  eggshell  to  high  gloss,  eggshell,  flat  to  egg¬ 
shell,  and  flat.  Hunter  previously  ( 1 )  had  proposed  a  method 
of  measuring  sharpness-of-image  gloss  by  means  of  a  ground- 
glass  screen  which  caused  the  image  of  a  standard  target  to 
become  diffuse,  and  comparing  the  character  of  the  surface 
under  observation  with  the  obscured  target.  Different  types 
of  surfaces  may,  however,  demand  different  methods  of  gloss 
measurement,  and  particular  problems  may  warrant  other 
approaches  to  the  problem  of  gloss  measurement. 


reflecting 

surfece 


Figure  1.  Diagrammatic  Representation  of  Condi¬ 
tion  of  Pigment  near  Paint  Film  Surface 

About  two  years  ago,  a  problem  dealing  with  the  relative  pig¬ 
ment-wetting  action  of  various  metallic  soaps  was  under  in¬ 
vestigation  in  the  author’s  laboratory.  The  preliminary  ex¬ 
periments  corroborated  the  widely  prevalent  view  that  the 
pigment-wetting  action  was  largely  the  dispersion  (either 
spontaneous  or  aided  by  mechanical  action)  of  pigment 
agglomerates  and  the  formation  of  a  stable  dispersion  of  the 
pigment.  The  studies  were  continued  on  the  paint  mill  and 
on  sprayed  panels  made  from  paints  containing  various  quan¬ 
tities  of  different  wetting  agents. 

Since  it  was  desired  to  correlate  good  pigment-wetting  with 
improved  gloss  in  the  final  paint  film,  the  sprayed  panels  were 
first  evaluated  by  simple  observation  with  the  eye,  aided  by 
the  familiar  target-pattern  lamp  (2).  However,  as  is  well 
known,  the  gloss  of  many  paint  films  is  not  a  permanent  quan¬ 
tity  and  decreases  with  time.  This  difficulty  in  the  evaluation 


is  usually  avoided  by  preparing  a  new  standard  with  each 
batch  of  paint  pastes  under  tests.  Such  a  method  is  expensive 
and  time-consuming,  the  paints  are  still  rated  in  relation  to  a 
single  standard,  and  a  comparison  between  different  paints 
made  at  separate  times  is  difficult,  if  not  open  to  question. 
Any  method  which  would  yield  a  numerical  quantity  capable 
of  being  recorded  as  a  permanent  value  for  the  observed  gloss 
of  a  paint  film  would  be  of  great  practical  value. 


Figure  2.  Reflection  of  Light 
Rat  from  Obstruction  on  Surface 


With  this  thought  in  mind,  the  construction  of  a  simple 
instrument  which  would  measure  a  quantity  related  to  the 
distinctness-of-image  as  measured  by  the  eye,  and  which 
would  record  the  relative  degrees  of  such  a  gloss  observation  in 
numerical  form,  was  undertaken.  The  glossmeter  described 
below  was  constructed  and  based  on  a  theory  concerned  with 
the  effect  on  gloss  of  irregularities  in,  on,  or  beneath  the  sur¬ 
face  of  the  paint  film.  It  has  been  successfully  used  to  record 
as  a  numerical  value  the  degree  of  distinctness-of-image  gloss 
as  observed  by  the  eye  and  target-pattern  lamp.  While  the 
data  collected  to  date  do  not  justify  a  definite  conclusion  re¬ 
garding  the  substructure  of  paint  films,  the  instrument  is  felt 
to  be  unique  and  interesting  in  that  it  is  simple  and  cheap  in 
construction,  simple  in  operation,  and  capable  of  rapidly  de¬ 
termining  a  particular  kind  of  gloss  value  in  a  numerical  form. 

Theory  and  Conslruction  of  Glossmeter 

As  a  fundamental  postulate  prefacing  the  construction  of 
the  instrument,  it  was  assumed  that  the  degree  of  distinctness- 
of-image  gloss  was  directly  related,  in  this  particular  problem, 
to  the  size  of  the  pigment  agglomerates  lying  just  below  the 
surface  of  the  paint  film.  Thus,  the  condition  existing  in  the 
immediate  neighborhood  of  the  film  surface  was  pictured  as 
in  Figure  1.  It  was  assumed  that  the  pigment  particles  served 
as  the  major  reflecting  surface  and  that  in  inferior  wetting, 
certain  clumps  of  pigment  extended  above  the  effective  depth 
of  the  clear  resin  layer  and  served  to  form  a  “rough”  reflecting 
surface.  Hence,  a  machine  designed  to  determine  a  quantity 
proportional  to  the  roughness  or  discontinuous  character  of 
the  reflecting  surface  should  give  values  in  agreement  with 
those  obtained  by  the  eye  and  target-pattern  method,  if  the 
above  postulate  is  reasonably  correct  and  if  the  gloss  observed 
is  a  function  of  pigment  wetting,  other  things  being  equal. 

Such  an  instrument  was  easily  constructed,  based  upon  the 
well-known  principle  of  physical  optics  that  a  diffusely  re¬ 
flecting  surface  assumes  the  properties  of  a  specularly  re¬ 
flecting  surface  when  the  angle  of  incidence  approaches  grazing 
incidence — that  is,  the  diffuse  reflection  caused  by  irregularities 
in  the  surface  is  in  fact  caused  by  the  angle  of  incidence 
being  less  than  a  minimum  value.  If  the  angle  of  incidence 
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Figure  3.  Glossmeter  Construction 

Scale,  approximately  l/t 

is  equal  to  or  greater  than  the  minimum,  specular  reflection 
will  result.  This  is  illustrated  in  Figure  2. 

ABP  is  the  path  of  a  ray  of  light  reflected  from  the  surface  of 
the  pigment  agglomerate,  X.  ABCP  is  the  path  the  ray  would 
have  taken  if  the  light  had  been  able  to  proceed  to  C  the  effective 
depth  of  the  layer  (or  the  base  line  of  the  surface).  It  can 
easily  be  shown  that  if  distance  h  is  not  great  compared  to  the 
wave  length  of  light,  the  reflected  ray,  BP,  proceeds  to  F  without 
appreciable  displacement  from  CP.  Thus,  if  the  height  of  th 
irregularities  is  not  too  great,  specular  reflection  will  result.  If 
h  is  large  compared  to  X,  the  wave  length,  then  the  incident  angle 
must  be  increased  to  a  more  grazing  value  when  specular  re¬ 
flection  occurs. 


The  paint  panel,  held  in  a  bedlike  frame  (not  shown)  could  be 
tilted  about  an  axis  through  point  0,  which  was  also  the  center 
of  curvature  of  a  flat  strip,  RAF,  of  urea-formaldehyde-impreg- 
nated  paper.  The  translucent  strip  was  mounted  on  a  semi¬ 
circular  frame  and  was  illuminated  by  diffuse  light  through 
frosted  (or  opal)  glass  from  the  small  bulbs,  L.  Along  the  axis 
of  the  strip  of  paper,  a  series  of  concentric  crossed  circles  was 
drawn  and  these  could  be  seen  at  B  by  specular  reflection  when 
the  panel  was  observed  through  the  eyepiece.  As  the  panel  was 
tilted  about  0,  the  distinctness  of  the  crossed  circles  became 
greater,  proceeding  from  A  to  F ,  or  less,  proceeding  from  A  to  A. 
The  eyepiece  sht  opening  was  0.156  inch  (3.62  mm.)  high  and 
2  875  inches  (7.3  cm.)  wide,  and  was  so  placed  that  only  one 
crossed  circle  at  a  time  came  into  view  as  the  panel  was  tilted 
At  a  fairly  well-defined  position,  the  reflection  of  the  crossed 

circle  then  observed  was  just  clearly  visible.  , 

The  angle  at  which  the  panel  was  tilted  was  read  from  a  gradu¬ 
ated  drum  mounted  outside  the  instrument  and  on  the  shaft 
about  which  the  panel  rotated.  The  angle  at  which  the  crossed 
circles  were  just  clearly  visible  was  readily  determined  to  within 
±2. 5°,  and  was  taken  as  a  measure  of  the  distinctness-of-image 

gloss  of  that  panel. 

The  completed  instrument  is  shown  in  Figures  4,  5,  and  6. 

Testing  the  Instrument 

In  order  to  test  the  instrument  as  a  possible  measure  of  the 
type  of  gloss  observed  by  the  eye  and  target-pattern  lamp 
method,  a  series  of  samples  of  black  paints,  identical  in  com¬ 
position  except  for  the  presence  of  0.1  per  cent  of  wetting 
agent  on  the  paste,  was  examined  by  both  methods.  I  he 

results  are  indicated  in  Table  I. 

It  is  evident  that  the  glossmeter  rated  the 
panels  in  almost  the  same  order  as  they  were 
rated  by  eye .  Furthermore ,  the  glossmeter  read¬ 
ings  were  reproducible  over  various  portions  of 
the  same  panel  and  on  different  batches  of  the 
same  paste.  The  numbers  served  not  only  as  a 
numerical  index  of  the  relative  rating  of  the  gloss 
observed  by  eye  but  also  as  a  permanent  record 

■  of  the  degree  of  this  particular  type  of  gloss. 

In  this  vehicle,  with  carbon  Dlack  as  pigment, 
the  metals  examined  rated  in  the  relative  order 
lead,  barium,  nickel,  zinc,  and  aluminum. 


Figure  4.  Unassembled  Glossmeter 

Showing  panel  bed,  graduated  ^r^1itefeoDaf,Blaaserand1°traeinIgPclotthestrip  of  crossed 
illumination  compartment  (painted  white),  opal  glass,  ana  ira.eiuS 

concentric  circles 

The  angle  of  incidence,  the  height,  h,  and  the  wave  length 
are  related  as  follows: 

p\  =  2  h  cos  i  (!) 

where  p\  is  a  small  fraction  of  the  wave  length.  For  ordinary 
yellow  light  the  presence  of  irregularities  of  the  order  of 
0.5  to  1.0  micron  produces  such  an  effect,  which  suggests  that 
the  fundamental  postulate  given  above  is  at  least  reasonable. 

Actually,  as  Hunter  (3)  has  indicated,  the  eye  would  prob¬ 
ably  be  incapable  of  distinguishing  differences  or  displace¬ 
ments  in  the  reflected  beam,  provided  that  the  displacement 
at  the  eye  was  less  than  one  minute  of  arc.  Hence,  though  t  e 
disturbances  might  easily  be  of  the  order  of  several  microns, 

“specular  reflection”  would  still  be  observed. 

The  instrument  which  was  constructed  serves  to  determine 
quantitatively  the  angle  at  which  a  paint  film  must  be  viewed 
in  order  to  obtain  a  definite  minimum  of  specular  reflection. 

The  principle  of  operation  is  apparent  from  Figure  3. 


Figure  5.  Side  View  of  Glossmeter 
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Figure  6.  Front  View  of  Glossmeter,  In¬ 
terior  Illuminated 


Table  I.  Glossmeter  Readings  vs.  Ete  Ratings,  Black 

Enamel 

Vehicle,  Amberol  ST-137  varnish,  38  gallons  of  tung  oil,  2  gallons  of  linseed  oil 
Pigmentation,  carbon  black  (Super  Spectra):  12.5  pounds  of  carbon  per 
100  gallons  of  varnish 
Agent,  0.7%  on  pigment 

Milling,  agent  added  to  paste  before  milling  on  stone  buhr  mill 
Panels,  3  X  10  inch  flowouts  (brushed  or  sprayed,  same  relative  position) 
Drier,  0.03%  cobalt,  air-dry 

Eye-Lamp  Rating  Glossmeter  Rating® 


Lead  alkoxyacetate**  Lead  alkoxyacetate  37 

Barium  alkoxyacetate  Barium  alkoxyacetate  37 

Nickel  alkoxyacetate  Zinc  naphthenate  18 

Zinc  naphthenate  Nickel  alkoxyacetate  11 

Zinc  resinate  Zinc  resinate  11 

Zinc  alkoxyacetate  Aluminum  alkoxyacetate  4 

Blank  (no  agent)  Zinc  alkoxyacetate  2 

Aluminum  alkoxyacetate  Blank  0 

°  Arbitrary  units,  on  a  preliminary  scale.  Approximately  1  unit  =  2.25°. 


b  Alkoxyacetate:  typified  by  “Oilsolate”  driers  of  Resinous  Products  & 
Chemical  Co. 

Table  II.  Glossmeter  Readings  vs.  Eye  Ratings,  Red 

Enamel 

Vehicle,  Amberlac  80-X,  43.5%  in  xylene  (viscosity,  E) 

Pigmentation,  15%  on  resin 

Agent,  0.1%  on  resin,  2.0%  on  pigment 

Panels,  flowouts,  baked  2  hours,  225°  F. 


Eye  Rating  Glossmeter  Rating0 


Zinc  resinate  'j 

Zinc  resinate 

17 

Nickel  alkoxyacetate  1 

Equal  by 

Nickel  alkoxyacetate 

17 

Zinc  naphthenate 

eye 

Zinc  naphthenate 

14 

Lead  alkoxyacetate  J 

Lead  alkoxyacetate 

12 

Barium  alkoxyacetate 

Zinc  alkoxyacetate 

6 

Zinc  alkoxyacetate 

Barium  alkoxyacetate 

3 

Blank 

Blank 

3 

°  Arbitrary  units,  on  a  preliminary  scale.  Approximately  1  unit  =  2.25° 


A  second  series  of  experiments,  using  a  toluidine  red  baking 
enamel,  showed  the  same  concordance  between  the  gloss¬ 
meter  ratings  and  the  ratings  by  eye  (Table  II). 

On  the  basis  of  these  results,  the  instrument  was  adjudged  a 
satisfactory  device  for  the  evaluation  of  distinctness-of-image 
gloss  as  usually  observed  by  the  paint  and  varnish  formulator. 
A  Hunter  glossmeter  of  the  type  proposed  in  1935  ( 1 )  was  not 
available  for  comparison  with  the  instrument  described  here. 
Comparisons  with  other  types  of  commercially  available  gloss- 
meters  were  not  made,  as  distinctness-of-image  gloss  is  in¬ 
cluded  with  other  types  of  gloss  in  results  obtained  with  such 
instruments,  or  the  results  are  not  expressible  in  numerical 
form. 

Applications 

The  instrument  was  used  to  study  the  effect  of  various 
metallic  soaps  on  the  gloss  of  architectural  whites.  Here  the 


Table  III.  Data  on  Curves  in  Figure  7 

(Duraplex  C-48  architectural  whites) 

Vehicle,  Duraplex  C-48,  42.9%  (Mineral  Thinner), 

viscosity,  E“(Gardner-Holt  Varnish  Scale)  Drier,  0.3%  cobalt 
Pigmentation,  1:1  on  resin,  Rayox  FF  75%, 

Timonox  15%,  zinc  oxide  10%  Panels,  flowouts,  air-dry 

Agent,  0.5%  metal  on  pigment 


No.  Agent 

1  None,  blank 

2  Zinc  alkoxyacetate 

3  None 

4  Tin  alkoxyacetate 

5  None 

6  None 


Other  Changes 


Low  acid  number  resin 


No  zinc  oxide 
No  zinc  oxide 


Remarks 


Fresh  paste 
Old  paste 


Table  IV.  Lead  vs.  Zinc  Soaps 

Type  of  enamel  Black  Architectural  white  Toluidine  red 

Pigmentation  See  Table  I  See  Table  II  See  Table  II 

Zinc  alkoxyacetate  2°  28  6 

Lead  alkoxyacetate  37  28  12 

Zinc  naphthenate  18  27.5  14 

°  Arbitrary  units  on  a  preliminary  scale.  Approximately  1  unit  =  2.25°. 


apparent  loss  of  gloss  with  age  could  be  readily  followed  and 
recorded  in  a  quantitative  manner  by  the  glossmeter.  Figure 
7  and  Table  III  illustrate  this  particular  application. 

Figure  7  indicates  that  the  relative  rates  of  loss  of  gloss 
could  be  readily  followed  in  a  numerical  manner  with  the  aid 
of  the  glossmeter.  The  loss  of  gloss  due  to  mixtures  of  zinc 
oxide  and  titanium  dioxide  (but  not  zinc  oxide  or  titanium 
dioxide  alone)  was  readily  measured. 

The  instrument  was  also  used  to  compare  the  effect  of  lead 
and  zinc  soaps  in  three  types  of  paint  vehicles.  The  gloss  of 
the  final  films  was  quantitatively  evaluated  by  means  of  the 
glossmeter.  The  results  are  listed  in  Table  IV. 

The  familiar  specificity  of  wetting  agents  is  again  en¬ 
countered,  as  the  data  indicate  that  lead  is  better  than  zinc 


Figure  7.  Loss  of  Gloss  of  Architectural  White 
Enamels,  as  Observed  with  Glossmeter 

1.  Blank 

2.  Zinc  alkoxyacetate 

3.  Low  acid  number  resin 

4.  Tin  alkoxyacetate 

5.  6.  No  zinc  oxide 
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Table  V.  Glossmeter  Ratings  of  Baked  Urea-Formalde¬ 
hyde  Finishes  in  Alkali  Test 


Vehicle  40%  urea  formaldehyde,  60%  Na0H 

alkyd  „  .  v , 

PSSSr^dSTb5%  TiO,  reS1"  S0;;'  Panels,  on  glass  3  X  5  inches 

Film,  0.003  inch  (Filmograph) ,  55%  solids 


Resin 

No. 

Gloss, 

1  Hour 

Gloss, 

2  Hours 

Gloss, 

4  Hours 

Gloss, 

5  Hours 

Gloss, 

6  Hours 

Baked  30  minutes  at  200°  F. 

1 

2 

3 

4 

5 

Over  90a 
Over  90 
Over  90 
Over  90 
Over  90 

Over  90 

80 

Over  90 

Over  90 

Over  90 

32.5 

30 

40 

60 

80 

15b 
•  25*> 

30 

40 

47.5 

30b 

32.5 

32.5 

Baked  45  minutes  at  200°  F. 

30 

30 

50 

77.5 

1 

2 

3 

4 

5 

Over  90 
Over  90 
Over  90 
Over  90 
Over  90 

Over  90 

65 

Over  90 

Over  90 

Over  90 

40 

35 

67.5 

67.5 

Over  90 

47.5 

b 

47.5 

72.5 

80 

Baked  90  minutes  at  200°  F. 

45 

55 

90 

1 

2 

3 

4 

5 

Over  90 
50 

Over  90 
Over  90 
Over  90 

Over  90 

30 

Over  90 

Over  90 

Over  90 

80 

15i> 

40 

72.5 

Over  90 

50 

b 

40 

72.5 

90 

a  over  90  indicates  specular  reflection  at  normal  incidence. 
6  Film  failure. 


with  carbon  black  as  pigment,  but  zinc  is  equally  effective  with 
titanium  dioxide.  Lead  and  zinc  are  about  equally  effective 

in  a  toluidine  red  baking  enamel.  . 

A  third  use  of  the  instrument  has  been  in  following  the  loss 
of  gloss  of  a  baked  urea-formaldehyde  finish  as  observed  dur¬ 
ing  the  alkali  test.  This  application  of  the  instrument  which 
approaches  most  closely  the  fundamental  theory  of  the  ob¬ 
servation  and  measurement,  was  developed  by  K.  E.  Martin 
and  W.  H.  Graeff  in  this  laboratory.  The  test  is  in  daily  use 


and  the  glossmeter  has  been  found  a  valuable  aid  in  the  study 
of  alkali-resistance  of  baked  urea-formaldehyde  finishes. 
Typical  data  are  listed  in  Table  V. 

As  Table  V  indicates,  the  glossmeter  recorded  in  numerical 
form  the  progressive  loss  of  gloss  produced  by  the  attack  of 
the  alkali.  Also,  the  improved  resistance  to  alkali  attack 
under  longer  baking  conditions  was  readily  measured.  Since 
the  alkali  test  undoubtedly  is  based  upon  the  loss  of  gloss  due 
to  pitting  of  the  surface,  this  instrument,  designed  to  measure 
surface  irregularities,  is  excellently  adapted  for  application 
in  such  a  test. 


Summary  * 

A  glossmeter  has  been  designed  and  constructed  to  measure 
the  distinctness-of-image  gloss  of  painted  surfaces.  While  the 
theory  of  the  instrument  is  based  upon  the  existence  of  minute 
irregularities  on,  in,  or  beneath  the  surface  of  the  paint  film, 
the  data  collected  thus  far  do  not  prove  that  distinctness-ol- 
image  gloss  is  solely  affected  by  the  presence  of  such  irregu¬ 
larities.  The  instrument  is  flexible  in  its  application  and  has 
been  found  valuable  in  various  problems  dealing  with  a  gloss 
denoted  as  distinctness-of-image  gloss.  Its  chief  points  of  ad¬ 
vantage  are:  simplicity  of  construction,  simplicity  of  opera¬ 
tion,  and  capability  of  yielding  a  reproducible  gloss  value  in 
numerical  form. 
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Precision  Feed  Device  for  Catalytic  Experiments 

ROBERT  L.  BURWELL,  JR.1,  Trinity  College,  Hartford,  Conn. 


WITH  increasing  frequency,  the  necessity  of  employing 
rare  or  expensive  chemicals  in  catalytic  experiments  is 
arising.  This  article  describes  an  apparatus  desiped  for 
the  precise  feed  of  liquids  on  a  semimicro  scale,  though  it 
may  find  application  for  ordinary  feed  rates  where  the  pre¬ 
cision  of  flow  achieved  would  warrant  the  increased  com¬ 
plication.  The  following  characteristics  were  required  tor 
the  author’s  purposes:  ready  setting  of  feed  rate  to  any  Pre¬ 
determined  value,  ready  change  of  this  rate,  ready  use  of  the 
apparatus  at  any  pressure  from  atmospheric  to  about  50 
mm.,  provision  for  evacuating  the  catalyst  under  high 
vacuum,  and  absence  of  stopcocks  in  the  feed  line. 

Devices  in  which  the  feed  liquid  is  displaced  by  mercury 
flowing  in  through  a  capillary  have  been  widely  used  m  ex¬ 
periments  with  ordinary  feed  rates.  These  may  be  modifie 
for  use  at  lower  rates,  as  has  been  done,  for  example,  by 

Goldwasser  and  Taylor  (I).  . 

Such  apparatus  fails  to  meet  all  the  above  requirements. 
Furthermore,  the  achievement  of  uniform  flow  of  mercury 
through  fine  capillaries  is  difficult  if  the  mercury  becomes  m 

the  slightest  fouled.  ,  ,,  .... 

The  device  described  in  this  article  satisfies  the  conditions 
named  above.  The  feed  is  positive  in  action  and  yields  very 

i  Present  address,  Northwestern  University  Evanston,  Ill. 


even  and  very  reproducible  results.  It  could  be  simplified 
for  purposes  in  which  all  the  itemized  characteristics  were 

not  required. 

Description  of  Apparatus 

The  apparatus  is  illustrated  herewith.  Mercury  is  dis¬ 
placed  by  the  gas  evolved  by  the  electrolysis  of  a  30  per  cent 
potassium  hydroxide  solution.  The  displaced  mercury  forces 
the  feed  liquid  into  the  preheater. 

An  electric  current  from  a  storage  cell  is  passed  through  a, 
4-decade  resistance  box,  Q,  and  through  the  cell,  K.  „ 

ThemelHs  provided^Rhtwo  nickel  electrodes  brazed  or  spot-welded 
tothe  tungsten  rods  sealed  into  the  apparatus.  It  would  prob¬ 
ably  be  satisfactory,  however,  to  replace  the  tungsten  seals  with 

leaThe^gS  evolved1  fn  K  is  fed rto^the>  container,  H.  Mercury  is 
forced  from  H  up  into  the  calibrated  10-cc.  buret,  F,  whichis 
surrounded  by  a  water  jacket,  E.  The  feed  liquid  passes  rate 
,  *11  n ru  C1  anrl  thence  through  the  finer  capillary,  B,  into 

feed  rates  and  upon  the  viscosity  of  the  feed  liquid. 
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diameter  of  about  0.2  mm.,  feed  velocities  of  0.12  to  4.2  cc.  per 
hour  were  obtained  using  sec-propyl  and  sec-butyl  alcohols. 

It  is,  of  course,  necessary  to  thermostat  vessels  H  and  K. 
This  may  be  done  by  immersing  them  in  Dewar  flasks  with  ice. 

The  buret,  F,  may  be  estimated  to  0.01  cc.  Since  the  coeffi¬ 
cient  of  cubic  expansion  of  most  organic  liquids  is  about  0.001, 
the  buret  temperature  must  be  maintained  to  within  0.1°  to 
allow  volumes  of  liquid  fed  into  the  preheater  to  be  known  to 
within  0.01  cc.  The  author  was  able  to  achieve  this  degree  of 
constancy  for  periods  of  an  hour  by  passing  a  steady  stream  of 
tap  water  through  the  buret  jacket. 

The  buret  is  filled  by  forcing  the  mercury  to  the  top  by  the 
application  of  compressed  air  through  the  connection  at  J.  The 
tip  of  D  is  broken  off  and  inserted  in  a  tube  containing  the  feed 
liquid.  Upon  releasing  the  compressed  air  the  mercury  sinks, 
at  a  rate  controllable  by  tap  G,  drawing  liquid  into  the  buret. 
The  liquid  in  the  filling  tube  may  be  kept  boding  during  this 
process  to  eliminate  dissolved  air.  This  is  necessary  if  the  feed 
is  to  be  used  at  reduced  pressures,  in  which  case  gas  bubbles 
would  be  evolved  in  the  liquid.  The  tip  at  D  is  then  resealed. 
The  small  quantity  of  gas  remaining  at  D  may  be  dissolved  in 
the  liquid  higher  in  the  tube  by  heating  with  a  small  flame  a 
little  above  D.  Small  bubbles  of  gas  will  disengage  and  will 
rise  and  dissolve. 

In  starting  a  run,  the  pressure  in  H  must  equal  the  pressure 
in  the  apparatus  plus  the  hydrostatic  pressure  of  the  mercury 
column.  This  may  be  adjusted  by  reference  to  a  manometer 
connected  through  J. 

The  catalyst  may  be  evacuated,  provided  the  buret  is  emptied 
through  D.  The  last  traces  of  liquid  may  be  removed  by  passing 
a  reverse  stream  of  a  gas  which  does  not  affect  the  catalyst  out 
through  D  with  the  mercury  almost  at  the  level  of  the  side  tube 
to  D.  Warming  this  section  of  the  tubing  hastens  this  process. 

The  constancy  of  the  feed  rate  is  good.  For  example,  de¬ 
livering  0.3  cc.  in  10  minutes,  successive  deliveries  in  each  period 
were  constant  to  ±0.01  cc.  until  a  total  of  2  cc.  had  been  de¬ 
livered.  However,  since  the  gas  volume  in  H  increases  as  mer¬ 
cury  is  driven  out,  the  rate  of  feed  for  a  given  current  through 
cell  K  decreases  with  the  height  of  mercury.  This  effect  is  the 
smaller,  the  larger  the  gas  volumes  in  H  and  K.  It  may  be 
compensated  by  an  occasional  decrease  in  the  resistance. 
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Aspirating  Unit  for  Collecting  Air  Samples 

LESLIE  SILVERMAN,  Harvard  School  of  Public  Health,  Boston,  Mass.,  AND  WESLEY  B.  WARDLOW,  Texas  State 

Health  Department,  Austin,  Texas 


INjMAKING  air  analyses  for  industrial  hygiene  and  other 
purposes,  there  is  frequent  need  for  a  portable  sampling 
unit  which  will  operate  without  an  external  power  source  or 
where  the  direct  use  of  electric  pumps  or  blowers  constitutes 
a  fire  or  explosive  hazard.  Zhitkova  ( 1 )  describes  such  a  unit, 
but  it  is  not  available  in  this  country  and  is  not  of  adequate 
capacity  for  sintered  absorbers.  The  unit  described  here  is 
easily  handled  and  can  be  used  for  laboratory,  field,  or  routine 
plant  determinations. 

Construction 

The  unit  is  shown  in  Figure  1.  It  consists  of  two  standard 
19-liter  (5-gallon)  gasoline  containers  connected  by  two  10-cm. 
(4-inch)  sections  of  0.625-cm.  (0.25-inch)  brass  pipe  and  bush¬ 
ings  and  a  0.625-cm.  (0.25-inch)  gate  valve.  The  bushings  are 
soldered  into  holes  drilled  into  the  filling  caps.  Two  3.75-cm. 
(1.5-inch)  sections  of  3.125-cm.  (1.25-inch)  thin-walled  brass  tub¬ 
ing  are  soldered  into  the  can  bottom  for  the  air  inlets  and  water- 
level  indicator.  Copper  tubing,  0.938-cm.  (0.375-inch),  with  brass 
draincocks  (automobile  crankcase  draincocks)  is  used  for  the  air 
inlet  and  water-level  indicator.  These  connections  are  placed  in 
No.  6  rubber  stoppers  which  are  easily  removed  for  filling.  Small 
draincocks  are  soldered  to  each  of  the  pouring  caps  for  air  re¬ 
moval. 


The  tanks  are  mounted  in  a  frame  constructed  of  two  75-cm. 
(3-foot)  pieces  of  1.9-cm.  (0.75-inch)  angle  iron  0.47  cm.  (0.1875- 
inch)  thick.  The  carrying  handle  lugs  are  bolted  to  the  angle  iron 
after  removing  the  handles.  A  light  metal  0.3  X  2.5  cm.  (0.125 
X  1  inch)  strap  is  fastened  around  each  container  and  a  10-cm. 
(4-inch)  wooden  baseboard  is  drilled  for  the  filling  caps.  These 
baseboards  are  connected  to  the  angle  irons  by  means  of  comer 
braces.  Thirty-centimeter  (12-inch)  lengths  of  angle  iron  are 
fastened  to  the  ends  of  the  angle  iron  to  act  as  a  base  when  the 
unit,  is  removed  from  the  wheeled  stand.  Thus,  the  unit  can  be 
used  with  or  without  this  mobile  section.  The  iron  pipes  are 
slotted,  as  indicated,  to  allow  ready  removal  of  the  aspiration 
unit,  The  turnover  catch  shown  is  made  from  0.3  X  1.25  cm. 
(0.125  X  0.5  inch)  steel  strap  bent  into  a  U-shape  and  pivoted, 
as  shown.  An  elastic  band  serves  as  a  spring  allowing  foot 
operation  for  turnover  releasing  and  catching. 

Operation 

The  rate  of  flow  varies  slightly  with  falling  head,  as  shown 
in  Figure  2.  These  curves  were  obtained  using  a  large  wet 
meter  of  very  low  resistance  to  air  flow  and  with  the  gate 
valve  completely  open.  The  rate  at  any  time  is  found  by 
dividing  ordinate  by  abscissa.  For  practical  purposes  when 
sampling  at  low  rates  (0.5  to  1  liter  per  minute),  it  may  be 


NOVEMBER  15,  1940 


ANALYTICAL  EDITION 


683 


Table  I.  Intervals  of  Time  for  Constant  Sampling  Rates 
with  Various  Absorbers 

Minutes  of  Sampling  Possible  at 
Various  Rates 

0.5  l./min.  1  l./min.  1.51./min. 


Absorber 


Sintered  glass 
(G-l  porosity 
20-mm.  disk) 
Petri  bottle 
(4-mm.  tube) 
Midget  impinger 
(1-rnm.  nozzle) 


Liquid 

Volume 

Cc. 

50 

50 

10 


30 

35 

35 


17.5 

17.5 


11.5 

10 


kept  constant  by  an  occasional  slight  opening  of  the  gate 
valve.  This  adjustment  of  flow  is  necessary  in  a  blower 
system,  because  of  resistance  and  voltage  changes  for 
example,  a  sampling  rate  of  0.5  liter  per  minute  with  a 


Figure  2.  Displacement-Time  Characteristics 
of  Unit 

Petri  bottle  was  filled  with  50  cc.  of  water  which  gave  a  liquid 
height  of  5  cm.  (2  inches).  The  sintered  unit,  a  G-l  porosity 
20-mm.  disk  type,  for  A  was  filled  with  50  cc.  and  the  liquid 
height  was  5.625  cm.  (2.25  inches),  and  B  contained  100  cc. 
at  11.25  cm.  (4.5  inches).  The  midget  impinger  had  10  cc. 
at  1.56  cm.  (0.625  inch). 


Figure  1.  Diagram  of 
Sampling  Unit 


sintered  absorber  (G-l  porosity  20-mm. 
disk)  requires  a  slight  opening  of  the  valve 
each  5  minutes  of  operation.  This  was  de¬ 
termined  by  using  a  vertical  capillary  flow¬ 
meter  with  10-cm.  (4-inch)  pressure  loss. 
Table  I  gives  the  maximum  sampling  period 
for  various  units  and  rates.  The  values 
listed  are  dependent  upon  the  pressure-loss 
characteristics  of  the  absorber. 

Reversal  of  the  tanks  with  necessary 
connections  requires  less  than  a  minute. 
For  complete  portability,  a  floor  flange  and 
a  length  of  pipe  may  be  fastened  to  the  base 
to  hold  the  absorber  and,  if  necessary,  a 
flowmeter.  This  allows  the  operator  to 
sample  anywhere  on  location  or  to  sample 
with  the  unit  in  motion.  For  convenience 
in  timing  samples,  a  small  egg  timer  (hour¬ 
glass  type)  may  be  mounted  on  the  pipe. 
This  timer  should  be  calibrated  with  a  stop¬ 
watch. 

Although  the  device  is  somewhat  large, 
it  can  be  readily  handled  by  a  single  person 
and  is  easily  transported  in  an  automobile. 

Literature  Cited 

(1)  Zhitkova,  A.  S.,  “Some  Methods  for  the  De¬ 
tection  and  Estimation  of  Poisonous  Gases 
and  Vapors  in  the  Air”,  Service  to  Industry, 
West  Hartford,  Conn.,  1936. 


Electrically  Heated  Rotary  Kiln 

E.  P.  BARRETT,  Metallurgical  Division,  U.  S.  Bureau  of  Mines,  Minneapolis,  Minn.,  W.  L.  BARRETT,  U.  S.  Bureau  of 
Mines,  Pittsburgh,  Penna.,  AND  P.  R.  PORATH,  U.  S.  Bureau  of  Mines,  Minneapolis,  Minn. 


AN  ELECTRICALLY  heated  rotary  kiln  was  constructed 
for  studying  the  relative  reducibility  characteristics  of 
small  amounts  of  various  iron  oxide  materials  at  tempera¬ 
tures  less  than  1000°  C.  The  use  of  such  a  large,  alloy-lined 
rotary  kiln  should  be  considered  where  cheap  power  is  avail¬ 
able. 

The  kiln  consists  of  a  steel  cylinder  fitted  with  tires  and  sup¬ 
ported  on  two  pairs  of  flanged  wheels.  Rotation  is  imparted  by 
one  pair  of  wheels  mounted  on  a  shaft  connected  to  a  speed- 
reducing  unit  driven  by  a  1/3-horsepower  motor. 

The  steel  shell  is  fined  with  2.5  inches  of  refractory  insulating 
brick  laid  in  a  slurry  of  RA-162  Alundum  cement  plus  10  per 
cent  of  sodium  silicate.  It  is  essential  that  this  fining  remain 
rigidly  in  place  in  the  kiln,  as  the  soft  insulating  brick  wear 
rapidly  when  free  to  move  as  the  kiln  is  rotated.  Four  metallic 
resistor  heating  elements  are  placed  within  the  refractory  insu¬ 
lating  fining  and  outside  of  an  Allegheny  55  alloy  retort.  Three 
0.25-inch  holes  are  drilled  through  the  shell  and  insulating  brick 
in  fine  with  the  contacting  edges  of  two  heating-element  refrac¬ 
tories. 

A  thermocouple  installed  through  the  hole  midway  between  the 
ends  of  the  kiln  touches  the  outer  surface  of  the  retort  and  is 
connected  to  brass  slip  rings  surrounding  the  central  portion  of 
the  kiln.  Carbon  brushes  touching  the  rings  are  connected  to  a 
recording  potentiometer.  The  temperature  indicated  on  the 
recorder  probably  is  slightly  higher  than  the  actual  temperature 
of  the  charge  within  the  retort;  however,  it  serves  as  a  control  of 
the  maximum  operating  temperature. 

The  holes  3  inches  on  each  side  of  the  thermocouple  hole  are 
tapped  for  0.3125-inch  standard  thread.  Cap  screws,  0.3125  X 
1  inch,  are  screwed  into  the  holes  from  the  outside  of  the  shell. 
Two  pieces  of  Allegheny  55  0.125-inch  pipe-size  tubing,  3.25 


inches  long,  are  tapped  for  0.3125-inch  standard  thread  and 
screwed  onto  the  cap  screws  projecting  through  the  shell. 
Grooves  are  cut  with  a  round  file  in  two  of  the  heating-element 
refractories  to  fit  around  the  Allegheny  tubes  and  the  thermo¬ 
couple  protection  tube.  The  spaces  between  the  heating- 
element  refractories  are  filled  with  Alundum  cement. 

The  dimensions  and  the  arrangement  of  the  parts  of  the 
kiln  can  be  seen  in  Figure  1.  An  end  view  of  the  kiln  is 
shown  in  Figure  2. 

Heating  Elements 

Each  heating  element  contains  42  feet  of  No.  16  B.  &  S.  gage 
Nichrome  V  wire  wound  on  a  0.25-inch  rod  and  pulled  to  65 
inches.  Each  helical  coil  is  threaded  into  six  parallel  holes  ap¬ 
proximately  0.5  inch  in  diameter  extending  lengthwise  through  a 
refractory  cast  on  the  form  shown  in  Figure  3. 

Semicylindrical  form  A,  5.75  inches  in  diameter  by  10.75 
inches  in  length,  is  made  by  nailing  thin  sheet  iron  to  three  semi¬ 
circular  pieces  of  1-inch  board  which  are  attached  afterward  to 
baseboard  D.  The  semicircular  pieces  of  20-gage  sheet  iron, 
B  and  C,  are  fastened  to  A  with  screws  and  are  7.75  inches  in 
diameter  with  a  slot  at  the  top  to  hold  a  power  hacksaw  blade  or 
other  piece  of  flat  iron  to  separate  the  quadrants.  On  each  side 
of  this  slot  are  six  holes  0.531  inch  in  diameter,  spaced  0.875 
inch  center  to  center  on  arcs  0.5  inch  from  the  outer  edges  of 
B  and  C. 

Form  A  is  covered  with  waxed  paper.  Each  of  the  cold-rolled 
iron  rods,  E,  0.5  inch  in  diameter  by  13  inches  in  length,  is  wrapped 
in  a  strip  of  waxed  paper  10.75  inches  long  by  3  inches  wide. 
The  overlapping  edge  is  fastened  with  rubber  cement.  A  mixture 
of  equal  parts  of  RA-162  Alundum  and  Thermofith  cements  plus 
10  per  cent  of  >  35-mesh  Carbofrax  cement  No.  3  is  plastered  on 
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Figure  2 


Table  I.  Effect  of  Varying  Power  Input  upon  Rate  of 

Heating 

Minutes  to  Heat  to  Temperature: 

^ _ _  o  a  nnn  O  r' 


Power 

500  0  C.  600  0  C. 

700  0  C.  800  0  C. 

900  0  C. 

950  °C 

Volts 

Amperes 

97 

110 

150 

210 

220-230 

220-230 

220-230 

220-230 

19.0 

18.5 

16.5 
15.0 

40  47 

42  52 

56  68 

65  81 

59  72 

63  75 

83  105 

102  132 

86 

98 

130 

175 

the  form.  The  refractory  is  air-dried  overnight.  Next,  rods 
are  pulled  from  the  refractory,  which  is  then  removed  from  the 
form  Refractory  F  in  Figure  3  shows  about  O.o  inch  of  material 
removed  from  between  two  pairs  of  holes  to  Prov^®  ckQra^® 
for  the  return  bends  in  the  helical  coil  of  resistance  wire.  On  the 
opposite  end  of  the  refractory  the  material  is  removed  from  be¬ 
tween  three  pairs  of  holes.  The  refractory  is  air-dried  for  several 
days,  fired  to  about  1200°  C.  in  about  1.5  hours,  and  cooled  in  the 

furnace. 

Rheostat 

A  variable  rheostat  having  about  10  ■ ^’resistance  is  con¬ 
structed  from  80  feet  of  Nichrome  ribbon  0.0313  inch  by  0.125 
inch  wide. 

Retort 

The  cvlinder  and  ends  are  formed  from  0.051-inch  Allegheny 
55  sheet'  and  welded  at  the  joints.  A  piece  of  3-inch  pipe-size 
Allegheny  55  tubing  3.5  inches  long  is  welded  to  one  end  of  the 
cvlinder  and  extends  0.75  inch  beyond  the  front  end  of  the  steel 
shell.  Four  rods,  3  inches  in  length  by  0.312o  inch  m  diameter, 
threaded  on  one  end,  are  welded  to  the  outside  of  the  3-mc 
tubing  so  that  the  threaded  ends  project  1.5  inches  beyond  the 
outer  end  of  the  tubing.  The  opening  into  the  retort  is  closed 
by  a  rectangular  piece  of  0.25-inch  Allegheny  plate  hdd  m  place 
by  means  of  the  four  studs.  A  piece  of  0  375-mch  pipe  size 
Allegheny  55  tubing,  6  inches  long  and  extending  3.5  inches 
through  the  center  of  the  rectangular  plate,  is  welded  to  it.  The 
inner  mid  of  this  tube  extends  0  25  inch  1*^*^*^ 
circular  plate,  2.875  inches  in  diameter  by  0.25  men  m  tmcK 
ness  to  S  it  is  also  welded.  The  outer  end  of  the  tube  is 
closed  with  a  0.375-inch  plug.  A  6-inch  piece  of  0.25-mch 
Allegheny  55  tubing,  welded  to  the  center  of  the  other  end 
Hie  retort,  provides  an  exit  for  gases  formed  within  or  passed 

thMa£riahieiseSoduced  into  and  removed  from  the  retort  by 
means  of  a  semicylindrical  sheet-iron  scoop,  2.5  inches  in  diameter 
bv  6  inches  length,  which  is  welded  along  one  side  to  a  piece 
of  0.125  X  0.75  inch  flat  iron  so  that  the  open  side  can  folio  \ 

the  direction  of  rots-tion  of  the  retort.  .  i  .•  -i 

To  eliminate  possible  electrical  shock  owmg  to  conductiwty 
of  the  refractories  at  elevated  temperatures,  the  retort  is  con 
nected  to  the  furnace  shell,  and  the  support  for  the  flanged  wheels 
is  connected  to  a  good  ground. 


Table  II.  Iron  Content  of  Ores  and  Sponge  Irons 


Test 

No.  Material 

1  Mill  scale 

2  Magnetite 

3  Limonite 

4  Hematite 

5  Hematite 

6  Hematite 

7  Hematite 


Size, 

Mesh 

>35 

>35 

>28 

>48 

>48 

>48 

>48 


Iron,  Per  Cent 


As 

charged 

Total 

-Sponge 

Metal 

Iron - - 

Metallized 

72.4 

97.0 

96.9 

99.9 

67.1 

95.1 

92.6 

97.4 

60.2 

91.4 

90.5 

99.0 

68.6 

96.5 

95.5 

98.7 

68.6 

95.2 

95.0 

99.8 

68.6 

94.1 

93.0 

98.8 

68.6 

94.6 

94.1 

99.4 

Tests  4  and  5  were  made  with  charges  of  1200  grams  of  ore  mixed  with 
700  erams  of  >£<2  “mesh  lignite  char.  Tests  6  and  7  were  made  with 
700  grams  ol  >4  s  ,  .  ,  500  ams  0f  >4-<  20-mesh  char- 


coal. 


Rates  of  Heating 

The  rates  of  heating  of  the  alloy  retort  with  varying  elec¬ 
trical  inputs  are  shown  in  Table  I. 

Uses 

This  kiln  has  been  used  during  the  past  two  years  for  pro¬ 
duction  of  sponge  iron,  preparation  of  lignite  char,  calcina¬ 
tion  of  manganosiderite  ores,  and  ignition  of  hydrated 
manganiferous  iron  ores. 

Production  of  Sponge  Iron.  Sponge  iron  was  prepared 
from  a  number  of  iron  oxide  materials  and  used  for  prelimi¬ 
nary  experiments  in  powder  metallurgy.  The  iron  values 
in  the  materials  and  in  the  sponge  irons  produced  from  them 
are  shown  in  Table  II. 


F  b 


E  d 


Figure  3 


The  retort  is  arranged  so  that  gas  containing  appreciable 
amounts  of  carbon  monoxide  or  hydrogen  or  both  may  be 
utilized  for  deoxidizing  iron  oxide  material  heated  m  the  re¬ 
tort. 


Elimination  of  Cohesion  of  P articles 

Many  finely  divided  high-purity  iron  oxide  materials,  when 
deoxidized  in  a  rotary  kiln,  form  cohesive  masses  and  adhere 
to  the  lining.  Adjustable  rabbles  were  installed  in  the  kiln 
so  that  they  stirred  the  charge  at  its  upper  contact  with  the 
lining.  Identical  charges  of  >  48-mesh  hematite  mixed  with 
>  4- <  20-mesh  lignite  char  were  heated  in  the  kiln  with  and 
without  the  rabbles.  When  the  rabbles  were  not  used  nearly 
all  the  deoxidized  material  adhered  to  the  lining.  V  hen  t  e 
rabbles  were  used  none  of  the  material  adhered  to  the  lining 
and  it  was  as  finely  divided  as  when  introduced  into  the  kiln 
The  rate  of  deoxidation  was  greatly  increased  when  the 

rabbles  were  used.  ,1, 

Two  similar  tests  were  made  on  identical  charges  oi  > 

<  48-mesh  manganiferous  iron  ore  mixed  with  >4  < 
lignite  char.  None  of  the  product  adhered  to  the  lining  whether 
rabbled  or  not.  The  rate  of  deoxidation  was  not  increased 
by  rabbling. 

Published  by  permission  of  the  Director,  Bureau  of  Mines,  United  States 
Department  of  the  Interior. 


Portable  Low-Pressure  Gas 
Tanks 

G.  ROSS  ROBERTSON 

University  of  California  at  Los  Angeles, 

Los  Angeles,  Calif. 

IN  LABORATORIES 
where  scattered 
workers  require  small 
supplies  (10  to  200  liters) 
of  common  compressed 
gases,  it  is  convenient 
and  economical  to  main¬ 
tain  a  central  supply 
service  from  commercial 
cylinders  and  to  fill  low- 
pressure  tanks  for  distri¬ 
bution.  Although  this 
plan  has  been  used  in  cer¬ 
tain  eastern  laboratories 
for  a  number  of  years,  the 
tanks  now  in  use  are  both 
expensive  and  inconven¬ 
ient  to  handle.  The  more 
convenient  truck  model 
shown  in  the  accompany¬ 
ing  illustration  is  made 
to  order  in  Los  Angeles 
at  lower  cost  by  manu¬ 
facturers  of  ordinary 
compressed-air  tanks,  for 
use  in  this  laboratory. 
Since  the  device  is  not  a 
ready-made  article  of 
commerce,  specifications 
are  given  below. 

Tank.  Tank  to  be  welded  from  standard  tank  sheet  iron  not 
thinner  than  10  gage.  Length  35  to  40  inches,  diameter  12  inches. 
Handle  made  of  0.625-inch  rod  or  tube  welded  at  each  end  to 
tank.  Two  solid  rubber  wheels,  with  steel  centers,  diameter  6 
inches,  thickness  about  2  inches,  are  supported  by  a  simple  steel 
axle  and  two  steel  plates  welded  to  tank.  When  tank  stands 
upright  on  the  floor  the  wheels  clear  the  floor  about  0.125  inch. 

The  tank  has  one  hole  in  the  top,  into  which  is  welded  a  stand¬ 
ard  0.25-inch  I.  P.  coupling;  no  other  holes  are  to  be  provided 
except  those  required  by  law.  If  such  holes  are  required,  the 
manufacturer  shall  provide  threaded  iron  plugs  to  fit.  Tank  is 
to  be  painted  or  lacquered  black,  shall  contain  no  oil  or  other 
combustible  matter,  and  shall  be  tested  to  200  pounds  pressure 
before  delivery  to  purchaser. 

Gage.  Standard  commercial  air-pressure  gage  having  brass 
case  with  glass-covered  dial  about  2.5  inches  in  diameter  and 
fitted  with  male-threaded  attachment  nipple,  0.25-inch  I.  P.  size. 
Dial  reading  0  to  100  pounds. 

Needle  Valve.  Hoke  V-point  needle  valve  No.  309,  brass 
with  Monel  needle,  0.25-inch  I.  P.  male  threads  both  ends. 

Hose  End.  Hoke  hose  end,  all-brass,  0.25-inch  I.  P.  thread,  to 
fit  above  needle  valve. 

Pipe  Fittings.  One  standard  pipe  nipple,  0.25-1.  P.  size, 
length  1  inch,  and  one  standard  0.25-inch  I.  P.  size  tee. 

Assembly.  The  threaded  fittings  are  treated  with  litharge- 
glycerol  paste,  which  gives  a  gas-tight  joint  and  is  favored  over 
grease  or  paint  from  the  safety  standpoint  where  oxygen  is  to  be 
stored. 

To  avoid  dangerous  errors,  bands  of  bright  color  should  be 
painted  around  tanks:  green  for  oxygen,  red  for  hydrogen,  yel¬ 
low  for  nitrogen. 

Tanks  as  described  have  proved  particularly  convenient 
for  organic  combustion  analysis  (oxygen),  and  for  numerous 


small-scale  experiments  in  which  a  reaction  mixture  must  be 
protected  by  an  inert  gas  (nitrogen).  Gaseous  mixtures,  such 
as  oxygen-nitrogen,  of  special  composition,  are  readily  pre¬ 
pared  with  the  aid  of  the  gage  figures.  Refilling  is  easily  ac¬ 
complished  with  the  aid  of  pressure  tubing,  but  should  be 
entrusted  only  to  thoroughly  responsible  persons. 


A  Capillary  Flowmeter 

HUBERT  N.  ALYEA 
Princeton  University,  Princeton,  N.  J. 

THE  instrument  in  the  figure  was  designed  for  catalytic 
work  in  measuring  the  rate  of  flow  of  a  liquid  immedi¬ 
ately  before  it  is  vaporized  in  the  catalyst  chamber.  It  regis¬ 
ters,  continuously,  the  flow  of  a  few  milliliters  per  hour. 

A  jacket  15  mm.  in  diameter  supports  a  capillary  tube  20  cm. 
long,  with  a  bore  of  0.1  mm.  at  the  lower  end  and  2  mm.  at  the 
upper  end.  The  float  in  the  inner  tube  is  tapered  slightly,  and  is 
of  colored  glass  to  facilitate  visibility.  The  flow  of  liquid  is  indi¬ 
cated  in  the  figure,  and  requires  a  constant-pressure  head  at  the 
inlet  and  a  restriction  at  the  outlet.  As  with  commercial  ro¬ 
tameters  (1),  in  which  this  same  principle  is  applied  for  large  rates 
of  flow,  the  height  of  the  plunger  indicates  the  rate  of  flow. 


The  accuracy  of  the  meter  may  be  judged  from  data  on 
the  rate  of  flow  of  methanol  through  a  particular  capillary 
used  by  the  author.  With  the  float  1  cm.  above  the  lower 
end  of  the  capillary,  flow  was  1.7  ml.  per  hour;  6  cm.  above 
the  lower  end,  4.8  ml.  per  hour.  Design  renders  the  meter 
insensitive  to  momentary  fluctuations  in  room  temperature. 
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Determination  of  Small  Amounts  of  Potassium 

Evaluation  of  Cobaltinitrite  Precipitate  Using  Ceric  Sulfate 
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THE  volumetric  determination  of  the  cobaltinitrite  com¬ 
plex  appears  to  have  been  neglected  as  a  rapid,  accurate, 
and  precise  method  for  the  estimation  of  small  amounts  of 
potassium.  The  best  known  is  that  of  Kramer  and  Tisdall 
(6)  who  precipitated  the  dipotassium  sodium  cobaltinitrite, 
decomposed  it  with  alkali,  oxidized  the  liberated  nitrite  with 
permanganate,  and  back-titrated  with  standard  sodium  oxa¬ 
late.  The  disadvantages  of  this  method  were  pointed  out  by 
Brown,  Robinson,  and  Browning  (0)  who  used  ceric  sulfate 
instead  of  permanganate. 

Recently,  Weichselbaum,  Somogyi,  and  Rusk  (5)  have 
given  the  experimental  conditions  for  the  preparation  of  the 
potassium  silver  cobaltinitrite  first  announced  by  Burgess  and 
Kfl.mm  (S).  Their  method  gave  a  precipitate  of  constant 
composition  between  certain  carefully  defined  limits.  Potas¬ 
sium  was  then  calculated  either  by  determining  the  nitrite 
content  gasometrically,  according  to  Kramer  and  Gittleman 
(5),  or  by  a  Yolhard  titration  of  the  silver  present. 

More  recently,  Kaye  (4)  presented  a  method  whereby  the 
nitrite  content  of  the  sodium  potassium  cobaltinitrite  is 
oxidized  with  excess  ceric  sulfate  and  back-titrated  iodo- 
metrically. 

The  method  presented  here  was  used  with  success  in  the 
mineral  analysis  of  bile  and  other  biological  materials,  the  re¬ 
sults  of  which  will  appear  elsewhere  shortly .  P otassium  silver 
cobaltinitrite,  KjAgCoCNOa^t  was  precipitated,  the  nitrite 
liberated  with  hot  alkali,  acidified,  and  immediately  titrated 
with  ceric  sulfate  directly,  using  ferroin. 

The  procedure  is  satisfactory  for  the  determination  of 
potassium  in  amounts  ranging  from  0.1  to  0.2  mg.  The  error 
does  not  exceed  2  per  cent.  This  method  lends  itself  espe¬ 
cially  to  the  rapid  analysis  of  biological  materials. 


Reagents 

Sodium  cobaltinitrite,  12.5  per  cent  solution  of  the  pure  dry 
salt,  freshly  prepared.  Mallinckrodt  analytical  reagent  was 
found  suitable. 

Silver  nitrate,  approximately  0.2  M. 

Ceric  sulfate,  0.01  N,  prepared  by  diluting  stock  0.1  JV,  stand¬ 
ardized  against  sodium  oxalate.  This  solution  is  remarkably 
stable,  changing  less  than  0.1  per  cent  per  month. 

Sodium  hydroxide,  approximately  1  N. 

Sulfuric  acid,  approximately  1  N.  . 

Ferroin,  o-phenanthroline  ferrous  complex,  solution  obtained 
from  the  G.  F.  Smith  Chemical  Co.,  Columbus,  Ohio. 


Procedure 

To  a  scrupulously  cleaned  15-ml.  Pyrex  centrifuge  tube,  an 
aliquot  containing  0.1  to  0.2  mg.  of  potassium,  is  added,  0.5  ml. 


of  o  2  M  silver  nitrate  is  added  dropwise  with  shaking;  and  0.5 
ml  of  sodium  cobaltinitrite  reagent  is  then  added  dropwise,  al¬ 
lowing  each  drop  to  be  thoroughly  mixed  before  adding  the  next. 

The  mixture  is  allowed  to  stand  at  room  temperature  for  10  to 
20  minutes  and  then  centrifuged  at  high  speed  for  15  minutes. 
The  supernatant  liquid  is  drawn  off  by  means  of  a  bent  capillary 
pipet,  permitting  about  0.3  ml.  to  remain.  The  precipitate  is 
washed  with  5.0  ml.  of  distilled  water  without  disturbing  the 
precipitate,  by  running  the  wash  liquid  down  the  sides  of  the  tube 
as  the  tube  is  slowly  rotated.  The  residual  liquid  and  wash  water 
are  mixed  by  swirling  and  the  tubes  are  centrifuged  for  5  minutes. 
The  supernatant  liquid  is  once  more  drawn  off  and  the  process  is 
repeated  until  the  supernatant  liquid  is  clear  and  colorless. 

Three  washings  are  usually  sufficient. 

The  packed  precipitate  is  decomposed  by  blowing  1.5  mi.  oi  1  iV 
sodium  hydroxide  onto  it  and  heating  in  a  boihng  water  bath  tor 
10  minutes  with  occasional  shaking.  The  suspension  is  cooled  in 
ice  water  and  2.5  ml.  of  1  N  sulfuric  acid  are  blown  in  to  dissolve 
the  precipitated  cobalt  and  silver  hydroxides.  A  small  drop  oi 
ferroin  is  added  and  the  solution  is  titrated  at  once  with  ceric 
sulfate.  The  end  point  is  a  blue  color  throughout  the  solution 
lasting  at  least  2  minutes.  The  end  point  is  sharp  and  easily  dis- 


Calculation 

Mg.  of  K  in  sample  =  ml.  of  ceric  sulfate  used  -  ml.  of  ceric 
sulfate  used  in  blank  X  normality  X  6.01 


Discussion 

The  precipitating  agent  used  is  that  recommended  by  Weich¬ 
selbaum,  Somogyi,  and  Rusk  (5),  who  by  this  means  have 
produced  a  precipitate  of  constant  composition  for  amounts 
of  potassium  between  0.07  and  0.25  mg.  Encouraging  results 
had  been  obtained  in  the  authors’  laboratory  with  a  buffered 
sodium  cobaltinitrite  reagent,  but  the  authors  have  changed  to 
the  use  of  the  silver  cobaltinitrite  reagent  because  of  greater  in¬ 
solubility,  constant  composition,  and  ease  of  manipulation  of 
the  potassium  silver  cobaltinitrite  precipitate.  The  precipita¬ 
tion  was  conducted  at  room  temperature  (20°  to  25°  C.)  with 
no  mechanical  loss  due  to  flotation.  Adherence  of  the  precipi¬ 
tate  to  the  sides  of  the  centrifuge  tube  occurred  in  only  a  few 
cases,  especially  in  larger  concentrations  of  potassium.  Larger 
amounts  of  potassium  gave  low  results,  due  no  doubt  to  in¬ 
completeness  of  decomposition  with  alkali  and  the  physical 
incapacity  of  handling  so  large  an  amount  in  a  15-ml.  centri¬ 
fuge  tube.  .  , 

Most  ordinarily  encountered  ions  do  not  interfere,  with  tne 
exception  of  chloride  and  phosphate  which  must  be  removed 
This  can  be  easily  accomplished  by  ashing  the  material  with 
nitric  and  sulfuric  acids  and  removing  phosphate  by  any  of 
the  standard  methods.  Ammonia,  of  course,  must  be  kept 
out  of  the  vicinity  of  the  workbench. 
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The  precision  of  the  method  was  at  first  astonishing,  in 
view  of  the  inability  of  Breh  and  Gaebler  (1)  to  titrate  a 
similar  precipitate  with  permanganate  because  of  the  silver 
present.  Runs  on  known  amounts  of  potassium  were  repro¬ 
duced  within  an  average  deviation  of  0.02  ml. 

Table  I.  Recovery  of  Potassium  from  Potassium  Sulfate 

Solutions 

(Standard  K2SO4  solutions:  Stock,  containing  1.0  mg.  K  per  ml.,  prepared 
by  dissolving  0.2227  gram  of  pure  dry  K2SO4  in  100  ml.  of  distilled  watei\ 
Working  (1)  containing  0.10  mg.  K  per  5.0  ml.,  (2)  containing  0.20  mg.  K 
per  5.0  ml.) 

Potassium 

Added0  Potassium  Recovered 


Mg. 

Mg. 

% 

0.10 

0.1001 

100 

0.10 

0.1001 

100 

0.20 

0.2030 

100.5 

0.20 

0.2040 

102 

0.10 

0.1001 

100 

0.10 

0.1001 

100 

0.10 

0.9900 

99 

0  Each  is  mean  of  at  least  four  determinations. 

While  the  gasometric  method  is  elegant  in  its  precision  and 
speed,  not  all  laboratories  are  equipped  with  a  manometric 
Van  Slyke-Neill  (7)  apparatus.  In  addition,  the  instability 
of  the  exceedingly  dilute  potassium  thiocyanate  used  in  the 
Volhard  titration,  as  well  as  the  difficult  end  point  at  that 
dilution,  leaves  much  to  be  desired  when  compared  to  the  ex¬ 
tremely  stable  ceric  sulfate  and  its  superior  end  point. 


The  authors’  procedure  has  the  theoretical  advantage  over 
the  method  of  Kaye  (4)  that  it  provides  a  direct  titration. 
Addition  of  excess  ceric  sulfate  with  back-titration  of  the  ex¬ 
cess  is  not  required. 

The  factor  used  in  the  calculation  is  6.01.  Although  1  ml. 
of  0.01  N  ceric  sulfate  is  equivalent  to  0.0652  mg.  of  potas¬ 
sium,  results  were  obtained  that  were  exactly  0.01  mg.  of 
potassium  high.  The  factor  was  then  recalculated : 

„  =  mg.  of  K  in  sample  „  m 

ml.  used  —  ml.  of  blank  X  N 

This  is  admittedly  empirical.  It  has  served  the  situation 
so  well  and  has  checked  so  closely  in  runs  on  known  amounts 
that  it  is  put  forth  with  no  hesitation.  It  is  nevertheless  sug¬ 
gested  that  each  analyst  determine  the  factor  by  running  a 
known  sample.  The  results  are  tabulated  in  Table  I. 
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Modifications  in  Combustion  Micromethod 
for  Carbon  and  Hydrogen 

G.  L.  ROYER,  A.  R.  NORTON,  AND  O.  E.  SUNDBERG 
Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


MICROMETHODS  have  been  adopted  by  many  indus¬ 
trial  laboratories,  not  because  of  the  small  size  of  the 
sample  but  to  decrease  the  time  of  analysis.  While  many 
microprocedures  cut  down  the  elapsed  time  for  a  single  analy¬ 
sis,  it  is  usually  necessary  for  the  analyst  to  give  his  entire 
attention  to  the  procedure.  Automatic  equipment  has  been 
of  value  in  reducing  the  analyst’s  attention  in  the  Pregl  com¬ 
bustion  methods  for  carbon,  hydrogen,  nitrogen,  sulfur,  halo¬ 
gens,  and  ash.  The  equipment  for  the  carbon-hydrogen  de¬ 
termination  as  described  here  is  similar  in  principle  to  that 
described  by  Hallett  (I),  but  the  design  of  the  apparatus  and 
its  operation  are  different.  These  changes  effect  a  saving  of 
time  and  are  more  practical  for  industrial  application. 

Combustion  Furnaces  and  Auxiliary  Equipment 

The  apparatus  was  constructed  so  that  all  the  equipment 
necessary  for  its  operation  was  assembled  in  a  portable  unit. 
Figure  1  shows  the  apparatus  ready  for  operation. 

The  base  of  the  apparatus  consists  of  a  box  in  which  are 
mounted  the  Varitrans  for  controlling  the  heat  in  the  furnaces, 
the  automatic  time  switch,  the  phonograph  motor  for  moving  the 
small  combustion  furnace,  the  calibrated  meter  for  indicating  the 
thermocouple  temperatures  of  each  furnace,  and  the  supports 
used  to  hold  the  automatic  combustion  equipment  and  the  elec¬ 
tric  furnaces. 

There  are  three  electric  furnaces,  two  of  them  mounted  on  sup¬ 
ports  which  are  fastened  to  the  bar  located  at  the  back  of  the 
setup.  The  other,  L ,  mounted  on  an  adjustable  base,  is  a  con¬ 
stant-temperature  heater  (purchased  from  the  Fisher  Scientific 


Company,  Pittsburgh,  Penna.)  used  to  maintain  that  portion  of 
the  combustion  tube  containing  the  lead  peroxide  at  a  constant 
temperature  (177°  ±1°  C.).  The  large  furnace,  K,  is  a  sta¬ 
tionary  one  and  is  18  cm.  (7  inches)  in  length. 

Figure  2  shows  a  sectional  drawing  of  this  furnace,  indicating 
its  internal  construction.  The  outer  tubing,  A,  is  a  standard 
size  12.5-cm.  (2.5-inch)  brass  tubing  and  the  other  internal  parts 
are  also  of  standard  manufacture.  The  four  0.3-cm.  (0.125- 
inch)  Thermal  Alumina  or  Alundum  tubes,  C,  in  Figure  2,  are 
wound  with  a  total  of  4.56  meters  (15  feet)  of  No.  26  platinum 
wire.  Around  these  coils  is  an  Alfrax  tube,  B,  which  acts  as  a 
reflector  to  keep  the  heat  concentrated  on  the  combustion  tube, 
D.  Space  E  is  filled  with  an  insulating  material  such  as  asbestos. 
The  end  plates  of  this  furnace  are  made  of  sheet  Alfrax  and 
turned  out  on  a  lathe  so  that  the  0.3-cm.  (0.125-inch)  tubes  and 
the  Alfrax  tube  are  held  in  position  in  these  plates  when  the  fur¬ 
nace  is  assembled. 

The  small  movable  furnace,  J,  is  7.6  cm.  (3  inches)  long.  Its 
internal  construction  is  similar  to  that  of  the  large  stationary 
furnace,  K,  except  for  its  length.  It  is  wound  with  2.74  meters 
(9  feet)  of  No.  30  platinum  wire.  The  power  for  the  movement 
of  this  small  furnace  is  obtained  from  a  phonograph  motor  located 
in  the  base  of  the  apparatus.  A  screw  runs  beneath  the  movable 
furnace  and  the  furnace  may  be  engaged  to  this  screw  at  any 
position  (Figure  3).  The  screw,  R,  and  gears,  S,  were  chosen  so 
that  the  furnace  would  move  at  the  rate  of  about  5  cm.  (2  inches) 
in  20  minutes.  Variation  in  this  speed  can  be  obtained  from  the 
governor  on  the  phonograph  motor  and  also  from  a  two-speed 
control  which  is  available  on  some  types  of  phonograph  motors. 
Only  one  speed  of  combustion  is  used,  this  speed  having  been 
found  satisfactory  for  the  average  type  of  compounds. 

Combustion  Train 

An  attempt  was  made  to  have  the  combustion  train  as  simple 
as  possible.  Only  oxygen  was  used  for  combustion  in  an  appara- 


NOVEMBER  15,  1940 


ANALYTICAL  EDITION 


689 


ft 

fo. 


Figure  1.  Apparatus  Ready  for  Operation 


A.  Pressure  regulator  containing 

50%  H2SO4 

B.  Bubble  counter  containing 

concentrated  H2SO4 

C.  U-tube  containing  Ascarite 

and  Drierite 

D.  Quartz  combustion  tube 

E.  Absorption  tube  filled  with 

Drierite,  10-  to  20-mesh 

F.  Absorption  tube  filled  with 

Ascarite,  8-  to  20-mesh 

G.  End  tube  filled  with  Ascarite 

H.  Mariotte  bottle 

I.  Cylinder  for  measuring  oxy¬ 

gen  passed  through  ap¬ 
paratus 

J.  Small  movable  furnace 

K.  Large  stationary  furnace 

L.  Constant-temperature  heater 

M.  Automatic  time  switch 

N .  Meter  calibrated  to  indicate 

temperatures  from  thermo¬ 
couples  in  furnaces 

O.  P.  Switches  to  control  each 

furnace  and  motor 
Q.  Varitran  voltage  controls  for 
furnaces 


tus  similar  in  design  to  the  modifications  described  by  Niederl 
and  Roth  (5).  A  preheater  was  found  unnecessary  and  so  was 
eliminated.  The  glass  combustion  train  parts  are  of  standard 
( 2 )  design  except  for  the  quartz  combustion  tube  and  ground- 
glass  connections  on  the  absorption  tubes.  Quartz  combustion 
tubes  are  more  satisfactory  than  glass  tubes  when  using  electrical 
heat  because  higher  temperatures  for  combustion  can  be  used. 
This  results  in  more  satisfactory  operation  with  many  com¬ 
pounds,  especially  sodium  salts  of  sulfonic  acids.  The  usual 
Pregl  combustion  tube  filling  is  used,  except  that  no  lead  chro¬ 
mate  is  added.  Niederl  and  Niederl  (4)  have  reported  on  the  use 
of  this  procedure  by  one  of  the  authors  of  this  article. 

The  standard  (2)  Pregl  type  of  carbon  and  hydrogen  absorp- 
tion  tubes  is  used.  Pregl  (6)  reported  unsatisfactory  results 
when  ground-glass  connections  were  used  but  stated  that  Muller 
and  Willenberg  (8)  had  used  them.  Unterzaucher  and  Burger 
(7)  reported  successful  results  in  using  ground-glass  connections 
in  the  determination  of  oxygen.  In  this  apparatus  standard 
ground-glass  joints  are  used  to  connect  the  tubes  (furnished  by 
the  Scientific  Glass  Apparatus  Company,  Bloomfield,  N.  J.). 
The  end  of  the  combustion  tube  is  fitted  with  a  standard  male 
5/10  joint.  The  water  and  carbon  dioxide  absorption  tubes  are 
also  equipped  with  standard  5/10  joints  and  are  assembled  as 

shown  in  Figure  4.  ,  .  ,  .  ,, 

These  are  connected  without  any  lubricant.  In  making  tne 
connections  the  joints  are  always  turned  clockwise;  in  separat¬ 
ing  the  tubes  they  are  turned  counterclockwise.  This  screwlike 
motion  ensures  a  tighter  fit  than  if  the  tubes  are  just  pushed  to¬ 
gether.  These  ground-glass  joints  have  given  satisfactory  serv¬ 
ice  for  over  a  year  and  are  much  easier  to  use  than  the  rubber 
connections,  about  which  there  has  been  so  much  discussion. 

Indicating  20-mesh  Drierite  is  used  in  the  water  absorption 
tube,  and  the  tube  for  absorbing  carbon  dioxide  contains  only  20- 
mesh  Ascarite.  Drierite  is  not  placed  in  the  end  of  the  carbon 
dioxide  tube  as  described  by  others  because  the  tube  is  refilled 
before  the  Ascarite  is  completely  exhausted,  and  the  unused  por¬ 
tion  of  Ascarite  serves  efficiently  as  an  absorbent  for  water. 
Pyrex  glass  wool  instead  of  cotton  is  used  at  both  ends  of  the  tube 
filling  to  hold  the  absorbents  in  place  and  prevent  their  getting 
into  the  capillaries. 

Procedure  for  Analysis 

The  switches  are  turned  on,  and  the  large  furnace,  A',  is  al¬ 
lowed  to  reach  a  temperature  of  approximately  600  C.  as  deter¬ 
mined  by  the  calibrated  thermocouple  meter.  The  absorption 
tubes  are  attached  to  the  combustion  train  as  described  above, 
the  flow  of  oxygen  is  regulated  to  5  cc.  per  minute,  and  the  gas  is 
allowed  to  flow  through  the  apparatus  while  a  sample  is. being 
weighed.  The  absorption  tubes  are  then  removed  and  weighed, 
the  balance  being  in  the  room  with  the  apparatus.  The  tubes 
are  weighed  filled  with  oxygen,  without  closing  off  the  small 
capillary  ends.  The  0.25  ±  0.05-mm.  capillaries  recommended 


for  the  standard  tubes  (2)  are  such  thatflittle  diffusion  takes  place 
during  the  weighing  and  handling  procedure  described  here. 
The  water  tube  is  weighed  at  the  end  of  5  minutes  and  the  car- 
bon  dioxide  tube  at  the  end  of  10  minutes.  The  tubes  are  wiped 
with  a  dry  chamois  to  remove  dust  before  the  first  analysis  and 
thereafter  are  handled  only  with  a  chamois  and  are  not  wiped 
before  the  weighing.  It  has  been  shown  that  this  procedure  for 
handling  and  weighing  absorption  tubes  gives  results  reprodu¬ 
cible  within  experimental  error. 


Figure  2.  Sectional  Drawing  of  Furnaces 


After  the  tubes  have  been  weighed,  they  are  again  attached  to 
the  combustion  train  and  a  boat  containing  the  sample  is  inserted 
into  the  combustion  tube  at  a  distance  of  25  cm.  (1  inch)  from 
the  stationary  furnace.  The  combustion  tube  is  then  closed  with 
the  stopper  and  the  stopcock  on  the  Mariotte  bottle  is  opened- 
The  movable  furnace  is  brought  to  within  7.6  cm.  (3  inches)  of 
the  stationary  furnace  and  the  automatic  tune  switch  is  set  to  3o 
minutes.  This  switch  starts  the  motor  driving  the  small  furnace 
and  also  turns  on  the  current  to  heat  the  small  furnace  to  the  re¬ 
quired  temperature.  The  temperature  for  combustion  can  be 
varied  for  diffefent  types  of  compounds,  but  an  average  of  about 
750°  C.  has  been  found  satisfactory.  After  30  minutes  the  mov¬ 
able  furnace  has  reached  the  stationary  furnace.  The  heating 
continues  for  5  minutes  longer  and  then  the  time  switch  auto¬ 
matically  turns  off  the  current.  The  oxygen  is  allowed  to  sweep 
through  the  apparatus  until  a  total  of  240  cc.  of  water  has  been 
collected,  after  which  the  stopcock  on  the  Mariotte  bottle  is 
The  tubes  are  removed  and  weighed  as  belore. 


The  over-all  time  for  an  analysis  is  about  1  hour,  no  attempt 
being  made  to  speed  up  the  analysis  to  the  extent  suggested 
by  Hallett  (1).  However,  the  present  procedure  makes  it 
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Figure  3.  Part  of  Apparatus,  Showing  Movable  Furnaces 


Figure  4.  Water  and  Carbon  Dioxide  Absorption  Tube  Assembly 


Table  I.  Determination  of  Carbon  and  Hydrogen 

Differ- 

Found  Theory  ence 


% 

% 

% 

Aminoazobenzene 

c 

73 

.08 

73 

.10 

-0 

.02 

H 

5. 

50 

5, 

.60 

-0 

.10 

2-Amino-l-naphthalenesulfonic  acid 

C 

53 

.61 

53 

.81 

—  0 

.20 

(Tobias  acid) 

H 

4. 

.16 

4. 

.04 

+  0 

.12 

Naphthalene  thiogly colic  acid 

C 

66 

.13 

66 

.06 

+0 

.07 

H 

4. 

75 

4. 

.60 

+  0 

.15 

Aminoazobenzene 

C 

73. 

.00 

73 

.10 

-0 

.10 

H 

5. 

56 

5. 

60 

-0 

.04 

Anthraquinone 

C 

80. 

80 

80. 

.75 

+0 

.05 

H 

4. 

06 

3. 

87 

+  0. 

.19 

3-Nitro-6-chlorobenzenesulfonic  acid .  2H2O 

C 

26. 

.39 

26 

.31 

+0 

.08 

H 

3. 

13 

2. 

92 

+  0 

.21 

possible  for  the  operator  to  do  other  work  while  the  appara¬ 
tus  is  automatically  carrying  out  the  analysis. 

Experimental  Data 

To  show  the  results  obtained  with  this  apparatus  the  data 
in  Table  I  are  given.  They  represent  the  first  analyses  made 
with  a  new  tube  filling  on  a  series  of  purified  samples  used  as 
standards  for  some  time  in  this  laboratory.  The  combustion 
tube  was  filled  the  night  before,  and  the  furnaces  were  run 
overnight.  The  next  day  one  unweighed  sample  was  run  by 
the  procedure  described  above  with  the  absorption  tubes  in 
place.  Then  the  six  analyses  given  in  Table  I  were  made. 
While  the  hydrogen  values  are  in  general  a  little  high,  this 
might  be  expected  from  a  new  tube  filling. 


Summary 

It  is  believed  that  this  apparatus  and  procedure  for  the  de¬ 
termination  of  carbon  and  hydrogen  are  simpler  than  any 
previously  described.  The  use  of  one-rate  automatic  com¬ 
bustion,  ground-glass  joints  for  connecting  the  absorption 
tubes,  weighing  of  oxygen-filled  absorption  tubes,  simplifica¬ 
tion  of  the  combustion  tube  filling,  elimination  of  the  pre¬ 
heater,  elimination  of  the  wiping  of  the  absorption  tubes,  and 
shorter  intervals  for  the  weighing  of  the  absorption  tubes 
have  made  this  procedure  applicable  to  routine  industrial 
work. 
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IT  HAS  been  found  possible  to  shorten  and  simplify  the 
colorimetric  determination  of  arsenic  on  biological  ma¬ 
terial  by  the  use  of  a  new  distillation  procedure.  An  im¬ 
portant  feature  of  this  procedure  is  a  constant-volume  distil¬ 
lation  by  means  of  a  recently  developed  still  (2) .  The  arsenic 
is  distilled  as  arsenic  trichloride  after  acid  digestion  of  the 
original  sample. 

The  preliminary  digestion  of  the  material  and  the  nnai 
colorimetric  determination  are  similar  to  the  procedure  de¬ 
scribed  by  Morris  and  Calvery  (7),  Maechling  and  Flinn  (<?), 
and  others  ( 1 ,  8,  4,  8,  8,  9). 

The  following  modifications  are  introduced  mto  the  inter¬ 
mediate  isolation  of  arsenic: 


The  distillate  is  used  directly  for  color  development  without 

evaporation  with  nitric  acid,  or  other  treatment. 

The  special  still  makes  possible  a  5-minute  distillation  and  a 
minimum  volume  of  distillate. 

The  hydrochloric  acid  accompanying  the  arsenic  trichloride  is 
used  to  control  the  acidity  in  the  color  determination. 

Arsenic  is  oxidized  to  the  pentavalent  state  m  the  distillate 
by  the  use  of  a  small  known  excess  of  potassium  iodate. 


The  use  of  this  procedure  has  necessitated  some  changes  in 
the  reagents  during  digestion  and  color  development  as  well. 

The  colorimetric  determination  of  arsenic  has  obvious 
advantages  of  accuracy  and  convenience  over  the  Gutzeit 
and  similar  procedures.  In  addition,  the  contamination  of 
laboratory  apparatus  by  heavy  metals  such  as  lead  and  mer¬ 
cury  is  avoided.  The  method  is  most  useful  in  the  range  of  1 
to  100  micrograms  of  arsenic. 


Reagents 

Concentrated  sulfuric  acid,  arsenic-free,  reagent  grade.  Con¬ 
centrated  nitric  acid,  arsenic-free  reagent  grade.  Perchloric  acid, 
60  per  cent,  reagent  grade.  ... 

Reducing  reagent:  5.0  grams  of  hydrazine  sulfate,  17.0  grams 
of  potassium  chloride,  and  4.0  grams  of  potassium  bromide  per 
100  cc.  of  solution. 

Potassium  iodate,  0.3  per  cent.  .  . 

Ammonium  molybdate,  0.5  per  cent  (should  not  be  kept  over  1 
week).  If  necessary,  ammonium  molybdate  may  be  recrj  stallized 
from  hot  water  to  reduce  phosphate  content. 

Hydrazine  sulfate,  0.15  per  cent. 

Standard  arsenic  solutions.  Dissolve  1.319  grams  of  reagent 
grade  arsenic  trioxide  in  15  cc.  of  1  A  sodium  hydroxide.  Dilute, 
add  15  cc.  of  1  A  hydrochloric  acid,  and  make  up  to  1  liter,  this 
contains  1  mg.  of  arsenic  per  cc.  Dilute  standards  of  O.Oo  ana 
0.01  mg.  per  cc.  are  prepared  from  this  stock  solution. 


Apparatus 

Distilling  flasks,  two  necks,  round  bottom,  250-ml.  capacity 
with  standard  taper  joints  (24/40  center  neck,  19/38  side  neck). 

Dropping  funnel  with  19/38  standard  taper  joint  to  fit  2o0-ml. 
fl/tslc. 

Reflux  condenser,  Graham,  coil  type,  200  mm.  in  length  with  a 
24/40  standard  taper  joint  at  top  and  bottom.  , 

Special  still  shown  in  Figure  1.  Somewhat  similar  to  a  boxhlet 
extractor  in  appearance,  the  stillhead,  a,  is  fitted  with  standard 
taper  joints  (24/40)  at  each  end  for  connection  with  the  two¬ 
necked  distilling  flask  and  reflux  condenser.  A  small  lip  is  sealed 
in  below  the  end  of  the  drip  tip  of  the  condenser  to  direct  the  re¬ 
flux  down  the  capillary  tube,  which  should  be  about  1  mm.  in 
diameter  and  approximately  10  cm.  in  length.  Just  below  this  is 
a  baffle  plate,  b,  to  prevent  splashing  into  the  capillary  return. 
A  second  baffle  plate,  b',  is  used  just  above  the  flask  to  prevent 
mechanical  entrainment  of  spray  from  the  distilling  flask.  Ine 
trap,  t,  has  a  series  of  indentations  to  provide  more  effective  wash¬ 
ing  of  steam  and  absorption  of  arsenic.  (The  special  distilling 


i  Present  address,  Los  Angeles  County  General  Hospital,  Los  Angeles,  Calif. 


head  is  available  from  K.  D.  Johnson,  1115  Arroyo  Verde,  South 

Pasadena,  Calif.)  .  ,  ,  ,  . 

Heater  350  watts  (Cenco  “hot  cone”),  variable  transformer 
(General  Radio  Variac  orequivalent),  photoelectric  colorimeter, 
and  tubes  graduated  at  25  cc. 

Procedure 

Digestion.  From  5  to  20  grams  of  tissue  or  5  to  100  cc  of 
urine  are  placed  in  the  digestion  flask.  To  the  sample  are  added 
10  cc.  of  concentrated  nitric  acid,  5  cc.  of  concentrated  sulfuric 
acid  and  small  pieces  of  alundum  as  boiling  stones.  Ihe  flask 
is  connected  by  means  of  a  U-tube  to  the  condenser,  as  shown  in 
Figure  2  and  a  second  flask  with  attached  soda-lime  tube  is  con- 
nected  to  the  bottom  of  the  condenser.  With  this  arrangement 
digestion  may  be  carried  on  in  the  laboratory  without  the  pres¬ 
ence  of  objectionable  fumes  and  no  hood  is  required.  The  flask 
is  heated  on  the  electric  heater  with  reduced  voltage  (about  60 
volts)  while  the  digestion  is  proceeding.  The  variable  transformer 
provides  a  convenient  method  of  heat  control.  Nitric  acid  is 
added  through  the  dropping  funnel  from  time  to  time  to  prevent 

C^Wfien  the  digestion  is  nearly  complete,  as  shown  by  the  slightly 
yellow  color  of  the  solution,  0.5  cc.  of  60  per  cent  perchloric  acid 
is  added  to  clear  the  solution  and  complete  the  digestion.  After 
cooling  sufficiently,  the  contents  of  the  digestion  flask  are  diluted 
with  10  to  15  cc.  of  water,  added  through  the  dropping  funnel. 
The  diluted  digest  is  boiled  vigorously,  using  full  voltage  on  the 
electric  heater,  until  all  the  perchloric  acid  is  driven  off  and  strong 
fumes  of  sulfuric  acid  are  evolved.  After  cooling,  the  speci¬ 
men  is  ready  for  distillation. 
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Distillation.  Five  cubic  centimeters  of  water  are  added  to 
the  sulfuric  acid  digest  in  the  flask.  The  dropping  funnel,  /, 
containing  2.0  cc.  of  the  hydrazine  sulfate,  potassium  chloride, 
and  potassium  bromide  solution  is  connected  to  the  side  neck  of 
the  flask,  as  shown  in  Figure  1.  The  flask  is  connected  to  the  still 
by  the  center  neck  and  then  placed  on  the  hot  350-watt  heater. 
After  boiling  has  started  and  steam  has  started  to  condense  in 
the  trap,  3  cc.  of  0.3  per  cent  potassium  iodate  solution  are  added 
through  the  top  of  the  still  into  the  trap.  The  reflux  condenser 
is  put  in  place  at  the  top  of  the  still,  so  that  the  reflux  will  drip 
down  the  capillary  tube.  The  contents  of  the  dropping  funnel  are 
blown  into  the  flask  and  washed  down  with  2.0  cc.  of  water. 

Distillation  is  continued  about  4  to  6  minutes,  until  iodine 
vapors  condense  into  crystals  in  the  reflux  condenser.  The  flask 
and  the  still  are  disconnected  and  the  contents  of  the  trap  are 
poured  through  the  top  into  the  25-cc.  graduated  tube.  The  trap 
is  rinsed  out  two  or  three  times  with  3  cc.  of  water,  so  that  the 
final  volume  in  the  tubes  is  from  15  to  17  cc.  The  distillate  should 
be  faintly  yellow,  owing  to  presence  of  free  halogen.  The  arsenic 
in  the  distillate  will  have  been  oxidized  by  the  potassium  iodate 
to  the  pentavalent  state. 

As  an  alternative  distillation  procedure,  distilled  water  may  be 
added  to  the  trap  in  place  of  the  potassium  iodate  solution,  and 
the  distillation  carried  out  for  4  to  5  minutes  after  the  addition 
of  the  reducing  mixture.  In  this  case  oxidation  of  the  arsenic 
is  carried  out  by  adding  0.2  cc.  of  the  potassium  iodate  to  the 
distillate  in  the  25-cc.  graduated  tube.  This  procedure  should  be 
used  only  when  any  losses  of  sulfuric  acid  during  digestion  are 
made  up,  so  that  fully  5  cc.  of  sulfuric  acid  are  present  in  the 
distilling  flask. 

Color  Development.  The  graduated  tube  is  placed  in  a 
boiling  water  bath  and  2  cc.  of  0.5  per  cent  ammonium  molyb¬ 
date  are  added,  followed  by  2  cc.  of  0.15  per  cent  hydrazine  sul¬ 
fate.  The  heating  is  then  continued  for  10  minutes.  After  cooling 
and  dilution  to  25  cc.,  the  color  is  read  in  a  photoelectric  color¬ 
imeter  using  a  725  filter  and  either  a  1-  or  2-cm.  cell,  depending  on 


the  intensity  of  the  color.  Standards  containing  0.01  or  0.05 
mg.  of  arsenic  are  prepared  in  the  same  manner.  To  each 
standard  are  added  5  cc.  of  1  N  hydrochloric  acid  and  0.3  cc.  of 
potassium  iodate. 

Experimental  Data 

Table  I  shows  the  recovery  of  arsenic  by  distillation  from 
reagents  only.  Six  determinations  were  made  at  each  level. 
The  mean  of  these  determinations  is  shown,  together  with  the 
average  deviation  from  the  mean.  The  arsenic  was  added  in 
pentavalent  form  to  the  reagents  and  the  color  comparison 
was  made  with  similar  quantities  of  arsenic  added  to  5  cc.  of 
1  N  hydrochloric  acid  and  the  color  reagents  added  directly. 

Table  II  shows  recovery  of  arsenic  in  various  forms  added 
to  tissues  before  digestion. 

Discussion 

Digestion.  During  digestion  care  should  be  taken  that 
charring  does  not  occur,  in  order  to  avoid  loss  of  arsenic. 
Since  nitrate  causes  fading  of  the  final  color,  and  perchloric 
acid  interferes  with  its  development,  it  is  necessary  to  remove 
these  interfering  substances  completely  before  distillation. 
This  is  best  done  by  adding  water  and  boiling  to  strong  fumes 
of  sulfuric  acid. 

Distillation.  The  special  distillation  apparatus  functions 
in  the  following  manner: 

The  steam  evolved  from  the  still  bubbles  through  trap  t 
(Figure  1),  which  contains  water.  The  hydrochloric  acid  and 
arsenic  trichloride  accompanying  the  steam  are  thereby  retained 
in  the  trap.  Significant  losses  do  not  occur,  since  the  solution  is 
not  only  dilute  but  lower  in  temperature  than  the  contents  of  the 
distilling  flask.  When  potassium  iodate  is  present  the  arsenic  is 
oxidized  almost  immediately  to  the  pentavalent  state  and  thereby 
rendered  nonvolatile.  The  steam,  after  being  washed  by  the 
contents  of  the  trap,  is  condensed  and  returned  to  the  still  by 
the  lip  and  capillary  return.  In  this  way  the  volume  of  distillate 
remains  very  small  and  the  change  in  concentration  of  the  con¬ 
tents  of  the  distilling  flask  is  minimized.  The  volume  of  distillate 
in  the  trap  is  increased  somewhat  by  heat  losses  and  resultant 
condensation  of  steam,  but  this  amounts  to  only  5  cc.  in  a  10- 
minute  period. 

The  function  of  the  lower  baffle  plate,  b',  is  to  prevent  mechani¬ 
cal  carry-over  of  appreciable  quantities  of  phosphate.  When 
materials  which  are  very  high  in  phosphate,  such  as  bone,  are 
digested,  a  considerable  blank  due  to  phosphate  will  be  present 
even  when  using  b'.  In  such  cases  the  interference  of  phosphate 
may  be  practically  eliminated  by  a  double  distillation — i.  e.,  the 
distillate  after  oxidation  with  iodate  is  evaporated  with  5  cc. 
of  concentrated  sulfuric  acid,  and  then  redistilled. 


Table  I. 

Recovery  of  Arsenic  from  Reagents 

Arsenic  Added 

Arsenic  Recovered 

Recovery 

Micrograms 

Micrograms 

% 

None 

0.1 

1 

1.15 

±  0.06 

115 

2 

2.1 

±0.12 

105 

4 

4.2 

±  0.07 

104 

6 

5.7 

±0.22 

95 

8 

7.9 

±0.24 

99 

10 

10.2 

=*=0.6 

102 

30 

28.9 

±  0.7 

96 

50 

49.4 

±  0.9 

99 

100 

104.0 

±  2.8 

104 

Table  II. 

Recovery  of  Arsenic  from  Tissues 

Arsenic  Added 

Form 

Arsenic  Recovered 

Recovery 

Micrograms 

Micrograms 

% 

None 

0-0.8 

10 

AS2O5 

11.2 

lii 

50 

AS2O6 

45.8 

92 

100 

AS2O6 

101.5 

101  5 

10 

Mapharsen 

8.7 

87 

30 

Mapharsen 

24.8 

83 

50 

Mapharsen 

45.0 

90 

100 

Mapharsen 

102.6 

102.6 

8.3 

N  eoarsphenamine 

7.2 

93 

42.3 

Neoarsphenamine 

46 

109 

96.0 

Neoarsphenamine 

90.6 

94 
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Color  Development.  The  relative  quantities  of  molyb¬ 
date  and  acid  present  must  be  maintained  within  close  limits 
(5,  6,  8,  9).  At  low  acidities,  color  develops  in  the  blanks, 
largely  owing  to  silica.  Too  great  acidity  markedly  decreases 
the  intensity  of  the  color.  The  optimum  ratio  is  about  5.0  cc. 
of  1  A  hydrochloric  acid  to  2.0  cc.  of  0.5  per  cent  ammonium 
molybdate  at  a  volume  of  20  cc.  Ammonium  molybdate  was 
found  definitely  superior  to  the  sodium  molybdate,  since  the 
former  allowed  a  somewhat  wider  range  of  acidities  without 
change  of  color  intensities.  It  is  also  important  to  develop  the 
color  at  the  correct  volume  in  order  to  maintain  the  acidity  in 
the  proper  range. 

In  harmony  with  other  investigators,  the  authors  feel  that 
hydrazine  sulfate  is  the  most  suitable  reducing  agent  for  de¬ 
veloping  the  color  (6,  7).  More  hydrazine  sulfate  than  that 
previously  recommended  is  used  in  order  to  reduce  the  excess 
potassium  iodate  used  in  oxidation  of  the  arsenic.  Ten 
minutes’  heating  in  a  boiling  water  bath  is  sufficient  to  develop 
the  color,  which  is  then  stable  for  several  hours.  A  blank 
should  be  run  on  distillate  from  sulfuric  acid  alone,  and  should 
correspond  to  less  than  0.5  microgram  of  arsenic. 

Either  a  660-millimicron  or  725-millimicron  filter  may  be 
used  for  reading  the  color,  though  the  latter  is  preferable. 
The  very  slight  yellow  color  due  to  excess  hydrazine  sulfate 
does  not  interfere  at  these  wave  lengths. 

Between  1  and  100  micrograms  the  color  intensity  follows 


Beer’s  law  within  2  per  cent.  A  2-cm.  cell  is  used  up  to  50 
micrograms  and  the  1-cm.  cell  for  quantities  of  50  to  100 
micrograms. 

Interfering  Substances.  Antimony,  germanium,  and 
selenium  may  accompany  arsenic  when  distilled  with  hydro¬ 
chloric  acid,  but  do  not  give  color  with  molybdenum  reagents 
under  the  conditions  described. 

Phosphate,  which  reacts  like  arsenate  with  the  molybdenum 
reagent,  is  nonvolatile  and  is  thus  prevented  from  interfering. 

Nitrate  and  perchlorate  interfere  with  color  development 
and  should  be  removed  prior  to  distillation. 
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Removal  of  Static  Charges  from  Glassware 
by  Ultraviolet  Light 

CLEMENT  J.  RODDEN,  National  Bureau  of  Standards,  Washington,  D.  C. 


THE  static  charge  acquired  by  glassware  when  wiped 
may  cause  a  serious  error  in  weighing  the  vessel.  In 
the  winter  months,  when  the  moisture  content  in  the  atmos¬ 
phere  is  low,  this  difficulty  is  more  apt  to  be  encountered. 

In  the  Pregl  (I)  method  for  the  microchemical  determina¬ 
tion  of  carbon  and  hydrogen  the  absorption  tubes  are  wiped 
with  a  chamois.  This  causes  a  static  charge  which  does  not 
leak  off  soon  enough,  when  the  humidity  is  low,  to  maintain 
the  time  schedule  (usually  10  to  15  minutes)  between  com¬ 
pleting  a  combustion  and  weighing  the  absorption  tubes. 

Van  Straten  and  Ehret  (2)  state  that  the  charge  can  be 
removed  by  the  high-frequency  discharge  from  a  device 
commonly  used  to  detect  pinholes  in  evacuated  apparatus. 
The  author  has  found  that  if  ultraviolet  light  is  used  to 
ionize  the  air  surrounding  a  glass  vessel,  the  charge  can 
readily  be  dissipated.  Data  on  the  effect  of  time  of  exposure 


and  distance  of  the  ultraviolet  light  source  are  given  in 
Table  I.  The  vessel  was  wiped  with  a  dry  chamois  and  was 
considered  to  have  reached  constant  weight  when  the  varia¬ 
tion  was  less  than  0.05  mg.  using  a  macrobalance.  W  eighings 
were  made  usually  after  exposure  to  the  light  at  5-mmute 
intervals.  In  some  instances  this  was  reduced  to  2-minute 
intervals.  For  general  practice  it  is  recommended  that  the 
wiped  article  be  placed  about  60  cm.  (2  feet)  from  either  a 
Hanovia  Alpine  sun  lamp  or  General  Electric  Lab-Arc,  for 
10  minutes. 


(1) 

(2) 
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Table  I.  Effect  of  Time  of  Exposure  and  Distance  of  Ultraviolet  Light  Source 


Relative 

Vessel 

Humidity 

% 

Pyrex  tube,  10  mm.  X 

40 

11  cm. 

150-ml.  Erlenmeyer 

29 

flask  (Pyrex) 

29 

38 

28 

28 

34 

23 

23 

Tempera¬ 

ture 

°  C. 

75 

70 

70 

76 

73 

73 

76 

80 

80 


Increase  in 
Weight 
Caused  by 
Wiping 
Mg. 

10 

15 
20 


20 

8 

10 

10 

10 


Source  of  Distance 

Ultravioiet  from 

Light  Source 

Feet 

2 

Hanovia  Alpine  sun 

lamp,  110  volts,  1 

alternating  current  3 

General  Electric  2 

Lab- Arc,  110  volts,  2 

direct  current  3 

G-5  in  special  enve-  1 

lope,  General  Elec¬ 
tric 


Time 
Required 
for  Discharge 
Min. 

10 

5 

10 

10 

8 

10 

10 

10 

Still  changing  in 
weight  after  20 
min. 


Generator  for  Production  of  Pure 

Carbon  Dioxide 

W.  H.  RAUSCHER,  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y. 


A  NUMBER  of  years  ago  Poth  (2)  described  an  excellent 
all-glass  generator  for  the  production  of  very  pure  carbon 
dioxide  for  use  in  the  Dumas  method  for  determining  nitrogen. 
Several  suggestions  for  improvement  and  simplification  of  the 
original  design  have  been  made  by  him  and  by  others  ( 1 ,8,4)- 
A  generator  based  essentially  on  Poth’s  design  was  con¬ 
structed  by  the  author  several  years  ago,  and  the  design  has 
been  gradually  improved  to  the  present  form,  which  has 
given  very  good  service  in  this  laboratory.  The  construction 
of  the  apparatus  is  shown  in  Figure  1.  The  generator  makes 
use  of  two  ground-glass  connections,  which  greatly  simplify 
the  construction  and  the  charging  operation. 

A  is  a  2-  or  3-liter  round-bottomed  flask  with  a  short  neck  and 
a  24/40  f  joint.  Chamber  B  is  constructed  from  a  1-liter  round- 
bottomed  flask.  It  bears  a  24/40  f  joint  to  fit  the  joint  of 
flask  A,  and  a  14/35  T  joint  for  the  attachment  of  the  mercury 
seal,  D.  The  acid  delivery  tube  is  2  mm.  in  inside  diameter, 
and  the  tip,  C,  is  drawn  down  as  shown,  to  be  about  1  mm.  in 
outside  diameter  and  0.5  mm.  in  inside  diameter.  The  gas 
outlet  tube,  F,  which  is  8  mm.  in  outside  diameter,  is  made  as 
shown  to  give  it  considerable  flexibility,  so  that  there  will  be 
little  danger  of  snapping  it  off  through  careless  handling  while 
attaching  it  to  the  combustion  tube.  The  bubble  counter  of  the 
Poth  designs  has  been  omitted,  but  may  be  used  if  desired. 

The  design  of  the  mercury  seal  is  indicated 
by  the  sketch.  The  bulbs  of  the  seal  are  ap¬ 
proximately  32  mm.  in  diameter,  and  the  outer¬ 
most  tube  is  25  mm.  in  outside  diameter.  The 
sleeve  tube  is  18  mm.  in  outside  diameter,  and 
the  inner  tube,  which  opens  into  chamber  B 
through  the  14/35  f  joint,  is  8  mm.  in  outside 
diameter.  The  distance  between  the  upper 
and  lower  bulb  centers  is  approximately  160 
mm. 

The  charging  and  starting  of  the  generator 
are  carried  out  as  follows,  starting  with  the 
generator  completely  empty:  Into  A  is  run  a 
solution  of  500  grams  of  potassium  acid  car¬ 
bonate  in  1200  ml.  of  water  (assuming  A  is  a 
2-liter  flask).  The  female  joint  of  A  and  the 
male  joint  of  B  are  carefully  warmed  with  a 
flame  and  a  small  amount  of  low-melting 
Kronig’s  glass  cement  is  applied  to  the  male 
joint,  which  should  be  warm  enough  to  melt 
it.  The  two  joints  are  placed  together  and 
rotated  to  spread  the  cement  evenly  over  the 
glass  surfaces.  When  the  cement  is  cooled,  A 
and  B  are  held  together  so  firmly  that  no 
pressure  the  generator  can  develop  will  loosen 
the  joint.  Into  B  are  run  about  350  ml.  of  50 
per  cent  sulfuric  acid.  The  mercury  seal,  D, 
is  then  attached  to  B  exactly  as  B  was  attached 
to  A.  A  mercury  leveling  bottle  is  attached  to 
stopcock  E  by  means  of  a  long  piece  of  rubber 
tubing  and  mercury  is  run  into  the  seal  to  a  point 
well  below  the  inner  tube  of  the  seal.  E  is  then 
closed,  leaving  the  rubber  tube  leading  to  the 
leveling  bulb  full  of  mercury. 

A  very  convenient  and  satisfactory  arrange¬ 
ment  for  evacuating  the  generator  consists  of 
pressure  tubing,  a  T-shaped  and  a  Y-sbaped 
glass  connector,  a  stopcock,  H,  a  pressure- 
indicating  tube,  I,  and  mercury  seal,  J.  A  and 
B  are  simultaneously  evacuated  by  an  oil  pump. 

Since  stopcock  G  has  a  capillary  tip,  stopcock 
H  may  be  only  partly  opened  during  the  first 
part  of  the  exhaustion,  so  that  air  is  not  drawn 
from  A  up  into  B  too  rapidly  because  of  the 
more  rapid  evacuation  of  B.  The  system  should 
be  evacuated  for  about  20  minutes,  during  which 
time  considerable  carbon  dioxide  will  be  evolved 


from  the  bicarbonate  solution.  The  pressure  under  which  the 
system  is  at  all  times  is  shown  by  the  height  of  the  mercury  in  I. 
At  the  end  of  the  evacuation  period  stopcocks  G  and  H  are  closed 
and  the  generator  is  allowed  to  stand  for  some  time.  The  carbon 
dioxide  evolved  by  the  bicarbonate  solution  soon  begins  to  blow 
back  through  the  acid  inlet  tube  into  B  and  the  mercury  level  in 
I  falls.  When  the  mercury  level  has  dropped  20  to  25  mm.  the 
generator  is  tilted  at  a  considerable  angle  to  the  right  or  left, 
and  on  cautiously  opening  G,  A  is  evacuated  by  the  oil  pump  to 
a  pressure  lower  than  that  in  B. 

Several  drops  of  acid  are  drawn  from  the  tip,  so  as  to  fall  on 
the  side  wall  of  the  joint,  G  is  closed,  and  the  generator  is  righted. 
When  the  drops  of  acid  drain  down  to  the  bicarbonate  solution, 
enough  gas  is  generated  to  blow  back  into  B  and  cause  a  con¬ 
siderable  fall  of  the  mercury  level  in  I.  This  procedure  is  re¬ 
peated  until  the  seal  at  J  is  finally  broken.  Stopcock  E  is  opened, 
mercury  is  run  into  the  seal  to  a  height  of  about  35  mm.,  and  E 
is  closed.  Enough  acid  is  drawn  down  as  before  to  break  the 
seal  in  D.  The  evacuating  arrangement  is  now  disconnected 
and  the  generator  put  into  service.  If  the  microbubbles  are  not 
immediately  satisfactory,  the  evacuation  may  be  rapidly  re¬ 
peated,  since  the  mercury  can  be  withdrawn  from  the  seal  into 
the  leveling  bottle,  which  is  reattached  to  E,  immediately  before  the 
evacuation  is  started,  so  that  air  has  no  chance  to  diffuse  into  B. 

When  the  generator  charge  is  exhausted,  the  mercury  is  re¬ 
moved  from  seal  D  through  E,  and  the  upper  joint  is  carefully 
warmed  to  soften  the  glass  cement  so  that  seal  D  may  be  removed. 
B  is  then  separated  from  A  by  warming  the  joint.  It  is  un- 
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necessary  to  remove  any  acid  which  remains  in  B  The  con¬ 
tents  of  A  are  removed  and  the  bicarbonate  solution  is  re¬ 
plenished.  The  generator  is  then  ready  for  reassembling  and 
restarting. 

The  generator  possesses  the  advantages  of  the  Poth  genera¬ 
tor,  and  in  addition  may  be  charged  very  quickly  and 
easily.  No  hazard  exists  from  a  possible  failure  of  a  ring  seal 
which  in  other  designs  would  permit  the  acid  to  pour  into  the 
bicarbonate  solution  with  the  probable  explosion  of  the 
generator.  One  part  of  the  generator  is  a  standard  flask, 
so  that  only  parts  B  and  D  need  to  be  specially  constructed. 
The  generator  has  proved  very  sturdy,  and  may  be  shaken 
vigorously  to  prevent  stratification  in  the  bicarbonate  solu¬ 
tion.  Generators  of  this  type  have  been  used  by  under¬ 
graduates  in  this  laboratory  without  mishap  of  any  kind. 

The  chief  difficulty  in  constructing  the  generator  is  to  make 
the  tip  of  the  acid  delivery  tube  so  small  that  too  much  carbon 
dioxide  is  not  generated  by  the  acid  drops,  blown  back  through 
the  seal,  and  wasted.  Carbon  dioxide  must  blow  back 
occasionally  to  maintain  the  automatic  operation  of  the 


generator;  therefore  the  tip  must  not  be  made  too  small. 
In  such  a  case  the  generator  may  be  easily  brought  to  full 
operating  pressure  before  being  connected  to  the  combustion 
tube  by  tilting  the  generator  and  cautiously  opening  stopcock 
G  so  that  several  drops  of  acid  fall  on  the  side  wall  of  tube  C. 
After  G  is  closed  and  the  generator  righted,  the  acid  drains 
down  to  the  bicarbonate  and  evolves  enough  gas  to  unseat 
the  seal  in  D.  Such  a  generator  is  very  economical  of  re¬ 
agents.  Obviously,  it  is  possible  to  use  a  Poth  tip  if  desired. 

Generators  of  this  design  have  been  made  by  Ace  Glass, 
Incorporated,  Vineland,  N.  J.  The  total  cost  of  the  complete 
generator  has  been  less  than  half  of  quoted  prices  for  the  Poth 
generator  of  most  recent  design. 
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Determination  of  Copper  in  Mineral  Oils 

Titrimetric  Extraction,  Using  Dithizone 

A.  G.  ASSAF  and  W.  C.  HOLLIBAUGH 
Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THE  work  on  oxidation  of  mineral  oils  in  the  presence  of 
copper  catalyst  which  is  being  carried  on  in  these  labora¬ 
tories  has  necessitated  a  test  for  the  measurement  of  traces  of 
copper  in  oxidized  oils.  The  procedure  developed  is  one  which 
employs  dithizone  (diphenylthiocarbazone)  for  titrimetric 
extraction  of  the  copper. 

The  various  complex  organic  substances  and  methods  for 
analysis  for  copper  (and  other  metals)  have  been  discussed 
by  Conn,  Johnson,  Trebler,  and  Karpenko  (2),  Fischer  (4), 
Wichmann  (S),  etc.  Many  procedures  for  the  analysis  of 
copper  have  been  described.  The  spectrophotometric  method 
of  Liebhafsky  and  Winslow  (7)  was  tried  but  discarded  be¬ 
cause  of  the  extreme  precautions  involved.  Fischer’s  titri¬ 
metric  “two-color”  method  employing  excess  dithizone  was 
also  tried;  however,  inconsistent  results  were  obtained  be¬ 
cause  of  the  difficulty  of  matching  the  various  shades  of  purple 
obtained  at  the  end  point. 

The  procedure  described  herein  is  one  of  extractive  titra¬ 
tion  which  is  somewhat  similar  to  that  employed  by  Wilkins, 
Willoughby,  Kraemer,  and  Smith  ( 9 )  in  the  determination  of 
traces  of  lead  in  biological  materials.  The  method  consists  of 
oxidizing  a  sample  of  the  deteriorated  oil  with  a  mixture  of 
nitric,  sulfuric,  and  perchloric  acids,  and  evaporating  the 
colorless  solution  almost  to  dryness.  The  residue  is  dissolved 
in  redistilled  water,  the  pH  adjusted,  and  the  solution  finally 
titrated  with  a  standardized  solution  of  dithizone  in  carbon 
tetrachloride. 

Preparation  of  Reagents 

Concentrated  sulfuric  acid,  concentrated  nitric  acid,  and 
distilled  water  are  all  distilled  from  Pyrex  glassware  Baker  s 
72  per  cent  redistilled  perchloric  acid  need  not  be  distilled  again, 
but  is  transferred  to  a  Pyrex  bottle.  The  dithizone  reagent  is 
prepared  (7)  by  shaking  Q.l  gram  of  Eastman  dithizone  with 
about  25  ml.  of  c.  p.  carbon  tetrachloride;  the  solution  is  filtered, 


transferred  to  a  separatory  funnel,  and  shaken  with  an  equal 
volume  of  0.2  N  ammonium  hydroxide,  the  resulting  brownish- 
yellow  carbon  tetrachloride  layer  being  discarded.  Four  ad¬ 
ditional  extracts  of  the  aqueous  layer  are  made,  10  ml.  of  carbon 
tetrachloride  being  used  each  time  and  then  discarded;  the  last 
portion  of  carbon  tetrachloride  should  show  a  greenish  tint. 
A  25-ml.  portion  of  carbon  tetrachloride  is  then  added,  and  the 
aqueous  layer  is  acidified  with  3  N  perchloric  acid  added  drop- 

W1  After  the  funnel  has  been  shaken  to  transfer  the  dithizone  to 
the  carbon  tetrachloride  layer,  the  aqueous  layer  is  discarded 
and  the  dithizone  solution  washed  twice  with  redistilled  water. 
The  solution  is  filtered  into  a  glass-stoppered  Pyrex  glass  bottle 
by  means  of  a  filter  paper  moistened  with  carbon  tetrachloride 
to  remove  the  water.  The  filtered  dithizone  solution  is  finally 
diluted  to  400  ml.  with  c.  p.  carbon  tetrachloride,  and  should  be 

stored  in  the  dark.  .  ... 

The  standard  copper  solution  is  made  by  dissolving  Mamnc- 
krodt’s  c.  p.  copper  in  nitric  acid  and  evaporating  to  dryness. 
The  final  residue  is  treated  with  2  to  3  drops  of  glacial  acetic 
acid  to  make  it  more  soluble,  and  is  then  transferred  quantita¬ 
tively  with  redistilled  water  to  a  volumetric  flask.  The  final 
concentration  should  be  about  2  micrograms  (2  X  10  6  gram)  of 
copper  per  milliliter  of  solution.  The  pH  of  the  copper  solution 
is  adjusted  to  3.5  by  adding  a  few  drops  of  0.04  per  cent  bromo- 
cresol  green  and  the  proper  amount  of  dilute  ammonium  hy¬ 
droxide.  All  equipment  is  of  Pyrex  glass  and  must  be  washed 
with  dithizone  and  flushed  with  c.  P.  carbon  tetrachloride  before 
use. 

Standardization 

The  apparatus  used  for  the  titrimetric  extraction  consists 
of  a  Pyrex  buret  graduated  in  0.05  ml.  and  a  Pyrex  separatory 
funnel  made  with  about  20  cm.  of  25-mm.  tubing,  a  pair  of  No. 
11  glass  joints  (the  male  being  sealed  at  both  ends,  acting  as  a 
stopper),  and  a  stopcock  of  2-mm.  bore.  . 

The  walls  of  the  funnel  are  indented  by  heating  the  glass  in 
spots  and  pushing  inward  with  a  blunt-pointed  rod.  Between  the 
25-mm.  tubing  and  the  stopcock  is  about  a  1.25-cm.  (0.5-mch) 
length  of  7-mm.  tubing  wherein  the  carbon  tetrachloride  layer 
settles  after  separation.  The  stopcock  is  lubricated  with  grease 
at  the  ends  and  ethylene  glycol  in  the  center.  After  lubrication. 
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Table  I.  Determination  of  Copper  in  Mineral  Oils 


Oil 

Copper  Added 

Copper  Found 

Error 

Grams 

Micrograms 

Micrograms 

% 

0.2 

2.0 

2.2 

+  10 

0.2 

2.0 

2.2 

+  10 

0.2 

6.0 

6.3 

+  5 

0.2 

6.0 

6.3 

+  5 

0.2 

10.0 

9.9 

-  1 

0.2 

10.0 

10.1 

+  1 

0.4 

2.0 

2.2 

+  10 

0.4 

2.0 

2.2 

+  10 

0.4 

6.0 

6.1 

+  2 

0.4 

6.0 

6.3 

+  5 

0.4 

10.0 

10.0 

0 

0.4 

10.0 

10.0 

0 

0.6 

2.0 

2.0 

0 

0.6 

2.0 

2.0 

0 

0.6 

6.0 

6.0 

0 

0.6 

6.0 

6.2 

+  3 

0.6 

10.0 

10.3 

+  3 

0.6 

10.0 

10.5 

+  5 

the  funnel  is  flushed  with  dithizone  solution  to  get  rid  of  any 
grease  contamination. 

One  milliliter  of  the  standard  solution  containing  2  micro¬ 
grams  of  copper  per  ml.  is  transferred  with  a  1-ml.  pipet  into  the 
shaking  funnel.  The  solution  is  then  diluted  to  20  ml.  with 
redistifled  water  and  shaken,  after  which  0.4  ml.  of  dithizone 
solution  is  added  and  the  flask  is  shaken  for  1  to  2  minutes. 
The  carbon  tetrachloride  layer  settles  out  at  the  bottom 
of  the  funnel  in  the  narrow  tube  just  above  the 
stopcock.  Some  of  the  dithizone  may  cling  as 
droplets  along  the  walls,  but  can  be  brought  down 
by  a  swirling  motion  of  the  funnel.  The  red- 
colored  copper  dithizonate  is  allowed  to  run  out 
through  the  stopcock,  care  being  taken  to  avoid 
any  loss  of  the  aqueous  layer.  Then  0.4  ml.  more  of 
dithizone  is  added,  the  contents  are  shaken  again, 
and  the  carbon  tetrachloride  layer  is  drained  out. 

The  titration  is  continued  until  the  end  point 
is  reached — i.  e.,  the  green  carbon  tetrachloride 
layer  does  not  change  color.  The  change  from 
red  to  green  is  through  a  transition  of  red-purple- 
green.  At  the  first  sign  of  a  purple  color,  the  di¬ 
thizone  is  added  in  0.1-ml.  portions  because  the 
change  from  purple  to  green  is  effected  within  0.2 
ml  of  dithizone.  At  this  stage  the  shaking  funnel 
is  shaken  for  3  to  5  minutes.  The  volume  of  di¬ 
thizone  equivalent  to  2  micrograms  of  copper  is 
then  read  off  the  buret.  The  funnel  is  drained  of 
its  entire  contents  and  flushed  with  redistilled  water 
preparatory  to  a  second  determination.  Equiva¬ 
lent  milliliters  of  dithizone  are  determined  for  2,  4, 

6,  and  8  micrograms  of  copper  by  diluting  1,  2, 

3,  and  4  ml.  of  standard  copper  solution  to  20  ml. 
and  subsequently  titrating  with  dithizone  solu¬ 
tion.  At  the  end  point,  a  mechanical  shaker  is  preferable.  Be¬ 
fore  plotting  the  results  for  a  calibration  curve,  a  blank  deter¬ 
mination  is  made  on  20  ml.  of  the  distilled  water.  After  allowing 
for  this  blank,  the  standardization  curve  should  be  a  straight  line 
through  the  zero  point  on  the  chart. 

Preparation  of  Sample 

The  oil  (0.1  to  0.6  gram)  is  weighed  into  a  50-ml.  beaker  which 
has  been  flushed  with  dithizone  and  carbon  tetrachloride,  and 
0.5  ml.  of  concentrated  sulfuric  acid,  4  ml.  of  72  per  cent  per¬ 
chloric  acid,  and  10  ml.  of  concentrated  nitric  acid  are  added. 
Duplicate  samples  are  weighed  out,  in  addition  to  blanks  con¬ 
sisting  of  the  acids  alone.  The  beakers  are  covered  by  watch 
glasses  (concave  down)  resting  on  triangular-shaped  glass  sup¬ 
ports,  and  set  on  a  hot  plate  (under  a  hood)  whose  top  is  covered 
with  asbestos. 

The  temperature  of  the  digesting  medium  is  raised  to  about 
125°  C.  A  steady  evolution  of  brown  fumes  occurs  for  about  an 
hour,  after  which  the  temperature  is  raised  to  about  175°  C. 
The  digesting  medium  evaporates  smoothly  down  to  3  to  4  ml., 
whereupon  it  becomes  colorless.  The  solution  is  then  allowed  to 
evaporate  almost  to  dryness  at  220°  C.  The  beakers  are  al¬ 
lowed  to  cool,  the  contents  of  each  beaker  are  quantitatively 
transferred  to  a  shaking  funnel  with  redistilled  water,  and  the 
volume  is  made  up  to  20  ml.  One  drop  of  a  0.04  per  cent  bromo- 
cresol  green  solution  is  added,  and  the  pH  is  adjusted  to  approxi¬ 
mately  3.5  with  ammonium  hydroxide.  The  sample  is  now 
ready  for  titration,  the  equivalent  milliliters  of  dithizone  being 
determined  in  precisely  the  same  manner  as  that  employed  in 
the  titration  of  the  standard  copper  solution. 


Discussion 

Cleanliness  of  apparatus  and  purity  of  reagents  are  ex¬ 
tremely  essential  for  high  accuracy  with  the  dithizone  re¬ 
agent.  All  reagents  must  be  distilled,  and  all  the  apparatus 
must  have  been  flushed  with  dithizone  followed  by  c.  p. 
carbon  tetrachloride.  When  all  the  reagents  (including 
water)  have  been  freshly  distilled,  the  reagent  blank  is  equiva¬ 
lent  to  0.8  to  1.2  micrograms  of  copper.  However,  after 
about  a  week  the  reagents  (principally  nitric  acid)  apparently 
begin  to  react  with  the  bottles,  and  increase  the  blank  value 
to  2  to  3  micrograms  of  copper.  Although  the  dithizone  re¬ 
mains  standard  for  a  period  of  weeks,  it  is  preferable  to  collect 
the  samples  together  and  analyze  them  with  freshly  prepared 
dithizone. 

Originally  the  oils  were  oxidized  with  10  ml.  of  nitric  acid 
plus  4  ml.  of  72  per  cent  perchloric  acid.  However,  this 
method  of  digestion  invariably  gave  peroxides  which,  upon 
titration  of  the  solution,  oxidized  the  dithizone  to  form  a  yel¬ 
low-colored  product.  By  adding  0.5  ml.  of  concentrated 
sulfuric  acid  to  the  acid  mixture,  this  difficulty  was  over¬ 
come.  The  addition  of  the  sulfuric  acid  also  reduced  the 
possibility  of  spontaneous  ignition  of  the  sample  which  some¬ 
times  occurred  during  the  first  stages  of  the  oxidation. 


Transmission  Measurements  with  Hardy  Spectrophotometer 


A  pH  of  3.5  for  the  titration  of  the  copper  solution  was 
selected  after  some  experimentation.  According  to  Wich- 
mann  (<§),  the  optimum  pH  for  copper  extraction  with  di¬ 
thizone  in  carbon  tetrachloride  is  4.  However,  since  this 
extraction  curve  was  not  obtained  by  actual  experiment,  it 
became  desirable  to  check  the  optimum  pH  values  given  for 
copper.  In  an  earlier  article,  Clifford  and  Wichmann  (1) 
determined  the  dissociation  of  the  lead  dithizonate  complex 
at  various  pH’s.  They  found  that  the  complex  dissociated 
to  varying  degrees,  depending  on  the  pH  value.  The  reaction 
is  a  reversible  one  and  the  equilibrium  can  be  shifted  by 
adding  either  of  the  reactants  in  excess.  In  this  case,  the 
copper  is  in  excess  at  the  beginning  of  the  titration,  and  the 
resulting  color  in  the  carbon  tetrachloride  layer  is  red.  How¬ 
ever,  the  mass  action  effect  of  the  copper  is  removed  as  it  is 
progressively  extracted  from  the  aqueous  layer,  and  at  the 
end  point,  if  the  pH  is  not  the  proper  one — i.  e.,  that  at  which 
there  is  slight  dissociation  of  the  copper  dithizonate  complex, 
a  wide  range  of  colors  from  red  to  purple  to  green  is  obtained. 
In  order  to  check  the  sharpness  of  the  end  point,  solutions  of 
copper  containing  4  and  8  micrograms  of  copper,  respectively, 
were  made  up  with  pH  ranging  from  0.8  to  6  and  titrated 
with  dithizone.  The  sharpest  end  points  (within  0.1  to  0.2 
ml.  of  dithizone)  were  obtained  at  pH  between  3  and  4,  while 
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Table  II.  Standardization  of  Dithizone 


Copper 

Micrograms 

0 

0 

2 

2 

2 

6 

6 

6 

10 

10 

10 


Preparation  I 

Preparation  II 

Preparation  III 

Cc. 

Cc. 

Cc. 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

1 . 1 

1.2 

1.0 

1.1 

1.1 

1  .0 

1.1 

1.1 

2.9 

3.1 

2.8 

2.9 

2.9 

2.8 

2.8 

4 "  5 

4.5 

4.6 

4.5 

4.4 

4 . 6 

4.4 

lower  or  higher  pH  gave  a  broader  end  point  (0.4  to  0.5  ml.). 
Although  this  investigation  of  optimum  pH  is  not  so  extensive 
as  one  might  desire,  it  is  reasonable  to  assume  that  about  3.5 
is  the  proper  pH  to  carry  out  a  titrimetric  extraction  of  copper 
with  a  carbon  tetrachloride  solution  of  dithizone.  In  the 
first  determination  of  an  unknown  solution  of  copper,  one 
may  go  over  the  end  point,  but  only  to  the  extent  of  0.1  to 
0.3  ml.  of  dithizone.  On  titrating  the  check  runs,  this  error 

can  be  corrected.  , 

In  experiments  to  test  the  accuracy  of  the  copper  determina¬ 
tions,  0.2-  to  0.6-gram  samples  of  oil  were  weighed  into 
several  beakers  and  2,  6,  and  10  micrograms  of  copper  were 
added.  The  digesting  acids  were  then  added  to  each  beaker. 
Blank  determinations  were  made  on  acid  and  oil.  The  samples 
and  blanks  were  subjected  to  the  same  treatment  as  that  de¬ 
scribed  above.  Upon  titration  with  dithizone,  the  results 
shown  in  Table  I  were  obtained. 

From  these  data  it  becomes  apparent  that  if  much  copper 
is  present— e.  g.,  20  to  30  micrograms  of  copper  per  gram— 
the  sample  of  oil  need  be  only  about  0.2  gram,  while  if  little 
copper  is  present — e.  g.,  below  10  micrograms  of  copper  per 
gram— 0.4  to  0.6  gram  of  oil  should  be  taken  for  analysis. 

The  degree  of  reproducibility  of  volumetric  measurements 
made  on  aqueous  solutions  is  shown  in  Table  II. 

The  completeness  of  this  titrimetric  extraction  of  copper 
was  further  checked  by  spectrophotometric  measurements. 
Figure  1  shows  transmission  measurements  made  with  the 
Hardy  spectrophotometer  (6). 


Curve  1  represents  the  transmission  of  1  ml.  of  dithizone 
diluted  to  10  ml.  with  c.  p.  carbon  tetrachloride.  An  aqueous 
solution  containing  4  micrograms  of  copper  was  extracted  by  the 
procedure  described  above.  The  solution  was  then  shaken  with 
1  ml.  of  dithizone  to  determine  whether  or  not  the  copper  extrac¬ 
tion  had  been  complete.  The  dithizone  was  separated  a,nd 
diluted  to  10  ml.  with  c.  p.  carbon  tetrachloride,  its  transmission 
being  represented  by  curve  2.  Another  sample  was  extracted 
until  the  dithizone  fraction  after  shaking  assumed  a  Purple 
color.  This  aqueous  sample  was  then  shaken  with  1  ml.  oi dithi¬ 
zone,  the  dithizone  separated  and  diluted  to  10  ml.,  and  its 
transmission  measured  (curve  3).  In  order  to  evaluate  these 
transmission  changes,  1  ml.  of  dithizone  was  shaken  with  an 
aqueous  solution  containing  1  microgram  of  copper,  separated 
and  diluted  to  10  ml.  with  c.  p  carbon  tetrachloride  Curve  4 
represents  the  transmission  characteristics  of  this  dithizone 
sample.  These  experiments  were  checked  and  found  to  give 
identical  results. 


In  their  procedure  for  the  spectrophotometric  analysis  of 
copper  with  dithizone,  Liebhafsky  and  Winslow  (7)  considered 
the  absorption  at  510  mg.  From  a  study  (Figure  1)  of  the 
absorption  at  510  him,  it  is  observed  that  the  titrimetric 
extraction  leaves  no  copper  in  the  aqueous  solution,  and  even 
at  the  purple  stage  the  residual  copper  is  within  the  experi¬ 
mental  error  of  0.1  microgram  of  copper.  Although  it  ap¬ 
pears  from  Figure  1  that  the  purple  stage  might  be  taken  as 
the  end  point,  the  green  stage  was  selected  because  the  wide 


range  of  purple  shades  made  it  difficult  to  establish  a  standard 
end  point  in  the  purple. 

This  titrimetric  extraction  procedure  has  been  used  suc¬ 
cessfully  in  the  authors’  laboratory  as  a  routine  measurement 
of  the  copper  content  of  oxidized  mineral  insulating  oils. 
Evans  and  Davenport  (S)  describe  a  procedure  for  extracting 
copper  and  lead  from  mineral  insulating  oils  and  their  sub¬ 
sequent  determination  by  the  method  of  Fischer  and  Leopoldi 
(5).  However,  the  amount  of  oil  used  for  each  determination 
and  the  time  involved  made  it  inapplicable  to  the  work  being 
carried  on  in  this  laboratory.  In  this  work  the  oils  were 
oxidized  in  the  presence  of  copper  as  the  only  metal,  thereby 
eliminating  the  possible  interference  df  other  metals  such  as 
tin,  bismuth,  or  zinc.  Whether  this  method  is  applicable 
whenever  these  metals  are  present  is  not  known,  although 
the  curves  reported  by  Wichmann  indicate  that  interfeiing 
metals  may  be  eliminated  by  controlling  the  pH  of  the  aqueous 
solutions.  As  far  as  small  amounts  of  lead  are  concerned,  a 
procedure  for  the  separation  of  copper  and  lead  such  as  that 
employed  in  the  method  of  Fischer  and  Leopoldi  might  be 

Whatman  No.  41-H  filter  paper  which  had  been  in  contact 
with  the  copper  and  oil  during  oxidation  was  analyzed  for 
copper  by  the  above  procedure,  and  gave  results  comparable 
to  those  obtained  from  the  oils.  The  paper  was  weighed  and 
treated  in  the  same  manner  as  the  oil. 

The  time  and  apparatus  involved  in  making  a  copper  de¬ 
termination  are  comparatively  small.  A  single  determination 
(in  triplicate)  can  be  made  in  about  8  hours,  4  to  5  of  which 
are  consumed  by  the  digestion  of  the  sample  (which  does  not 
need  watching),  and  3  in  the  weighing,  cleaning,  and  titra¬ 
tion  procedures.  By  continuous  digestion  of  a  number  o 
samples,  two  to  three  determinations  per  day  (in  triplicate 
and  with  blanks  on  the  acids)  can  be  made  by  one  worker. 
The  apparatus  can  be  found  or  made  in  any  chemical  labora¬ 
tory. 
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Localization  of  Certain  Chemical  Constituents  in 

Plant  and  Animal  Tissues 

An  Electrographic  Method 

HERMAN  YAGODA,  540  West  123rd  St.,  New  York,  N.  Y. 


THE  electrographic  methods  for  the  analysis  of  polished 
surfaces  of  minerals  and  alloys  described  by  Jirkovsky 
( 3 )  and  Glazunov  and  Kfivohlavy  (£)  suggest  an  important 
application  in  the  study  of  the  distribution  of  the  inorganic 
constituents  within  a  section  of  tissue.  In  early  experiments 
conducted  by  the  writer,  thin  sections  of  tissue  were  inciner¬ 
ated  on  glass  shdes  plated  with  a  film  of  platinum  and  the  elec¬ 
trically  contacted  ash  was  connected  in  circuit  opposite  a 
sheet  of  platinum,  the  two  electrodes  being  separated  by  a  re¬ 
agent  paper  moistened  with  an  electrolyte.  Crude  patterns 
were  thereby  obtained  that  revealed  the  presence  of  iron  and 
copper  in  the  ash  of  liver  tissue. 

While  this  laborious  ashing  and  mounting  technique  pro¬ 
vides  a  specimen  simulating  a  pohshed  mineral  surface,  its 
electrical  conductivity  is  poor  and  the  ash  skeleton  is  fre¬ 
quently  distorted  by  contact  with  the  moist  reagent  paper. 
It  occurred  to  the  writer  that  the  electrographic  technique 
might  be  applied  more  successfully  by  electrolyzing  a  thick 
cut  of  the  original  tissue.  This  limits  the  method  to  constitu¬ 
ents  that  are  present  in  an  ionic  condition,  and  to  specimens  of 
fair  rigidity.  Electrographs  of  freshly  cut  vegetable  sections 
on  sensitized  adsorbent  papers  showed  that  the  method  could 
be  used  for  rendering  macrographic  patterns  revealing  the 
presence  of  the  chloride,  sodium,  and  potassium  ions. 

In  order  to  make  the  technique  serviceable  in  the  study  of 
fine  detail,  a  structureless  matrix  for  the  reagent  was  neces¬ 
sary,  as  the  fibrous  composition  of  absorbent  papers  inter¬ 
fered  with  the  microscopic  examination  of  the  electrographic 
print.  After  considerable  experimentation  thin  plane  cast¬ 
ings  of  plaster  of  Paris  were  substituted  for  the  filter  papers 
commonly  employed  in  the  technique.  It  was  also  found 
possible  to  obtain  electrographs  of  high  clarity  through  the 
use  of  suitably  sensitized  gelatin-coated  papers.  The  plaster 
sheets  are  prepared  by  pouring  a  thin  slurry  consisting  of 
three  parts  of  plaster  and  two  parts  of  air-free  water  into  a 
suitable  mold  and  allowing  the  sheet  to  set.  The  casting  is 
also  sensitized  during  its  preparation  by  incorporating  into 
the  mix  water  insoluble  reagents  such  as  zinc  sulfide,  barium 
carbonate,  etc.  More  detailed  procedures  for  the  preparation 
of  thin  plaster  sheets  will  be  published  in  a  separate  article  de¬ 
scribing  their  application  in  capillary  and  chromatographic 
analysis.  The  present  article  is  limited  to  a  detailed  descrip¬ 
tion  of  the  method  employed  by  the  writer  for  the  execution  of 
chloride  patterns  exhibiting  the  cellular  detail  of  vegetable 
tissues  through  the  use  of  paper  coated  with  a  gelatin  emul¬ 
sion  of  silver  chromate.  The  use  of  the  sparingly  soluble 
silver  chromate  as  a  fixed  source  of  silver  ion  in  the  gelatin  pro¬ 
vides  a  highly  sensitive  emulsion  that  is  specific  for  the  halo¬ 
gen  ions,  and  in  view  of  the  minor  occurrence  of  bromides  and 
iodides  in  normal  tissue  the  ultimate  pattern  obtained  after 
the  emulsion  has  been  properly  processed  may  justifiably  be 
termed  a  chloride  pattern. 

Sensitization  of  Gelatin  Papers  with  Silver 
Chromate 

A  uniform  emulsion  of  silver  chromate  is  obtained  by  mois¬ 
tening  the  gelatin  film  of  a  gelatin-coated  paper  (imbibition 


paper,  single  weight,  Eastman  Kodak  Company,  Rochester, 
N.  Y.)  with  a  solution  of  potassium  chromate,  blotting  off  ex¬ 
cess  fluid,  and  immersing  the  paper  rapidly  in  a  bath  of  silver 
nitrate.  The  quahty  of  the  sensitized  emulsion  varies  with 
the  concentrations  and  temperatures  of  the  chromate  and  sil¬ 
ver-ion  solutions,  the  order  of  their  application  to  the  gelatin, 
and  the  time  the  sheet  is  kept  in  the  baths.  After  consider¬ 
able  trial  the  following  procedure  was  finally  adopted: 

The  imbibition  paper  is  cut  into  sections  to  fit  the  upper  elec¬ 
trode  of  the  electrographic  apparatus  and  each  piece  is  immersed 
individually  in  a  2  per  cent  solution  of  potassium  chromate  for 
exactly  2  minutes.  The  paper  is  drained,  and  blotted  between 
sheets  of  lintless  absorbent  paper  similar  to  C.  S.  &  S.  No.  211 
until  the  gelatin  is  completely  freed  from  superficial  chromate 
solution.  The  sheet  is  placed  for  10  seconds  in  a  1  per  cent 
solution  of  silver  nitrate  contained  in  a  vessel  of  sufficient  capacity 
to  permit  the  complete  immersion  of  the  paper  in  a  vertical  posi¬ 
tion.  The  paper  is  then  blotted  and  washed  free  from  silver  ni¬ 
trate  by  passing  it  through  a  series  of  three  trays  containing  dis¬ 
tilled  water,  blotting  the  surface  at  each  change  of  bath.  Emul¬ 
sions  of  almost  identical  silver  chromate  content  result  if  the 
temperature  of  the  reacting  solutions  is  kept  at  approximately 
25°  C.  If  the  sensitized  papers  are  to  be  used  the  same  day,  the 
wet  paper  is  placed  in  a  saturated  solution  of  calcium  sulfate. 
Otherwise,  the  papers  are  dried  at  room  temperature  and  kept 
in  an  air-tight  container.  The  dried  papers  must  be  soaked  for  at 
least  30  minutes  in  a  saturated  solution  of  calcium  sulfate  in  or¬ 
der  to  render  the  dense  backing  electrically  conducting. 


Figure  1.  Electrographic  Apparatus 

a.  Removable  crossbar 

b.  Setscrew 

c.  Steel  pins 

d.  Aluminum  electrodes 

e.  Absorbent  mats  about  1  mm.  thick  (C.  S.  &  S.  No.  470) 
/.  Sheet  of  sensitized  emulsion  or  plaster 

g.  Sponge  rubber  support  about  15  mm.  thick 

h.  Hardwood  base 

i.  Bakelite  angles  supporting  mat  e  and  emulsion  / 
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The  freshly  prepared  silver  chromate  emulsion  has  a  bright 
red  color  which  darkens  on  exposure  to  direct  sunlight.  The 
photosensitivity  of  the  emulsion  is  of  no  moment,  as  excess  re¬ 
agent  is  removed  during  the  processing  of  the  electrographic 
print.  The  sensitivity  of  the  emulsion  to  halogen  ions  neces¬ 
sitates  great  care  in  the  handling  of  the  paper.  The  moisture 
film  carried  by  the  skin  contains  sufficient  sodium  chloride  to 
leave  finger  prints  on  the  processed  sheet. 

The  emulsion  prepared  according  to  this  procedure  con¬ 
tains  approximately  120  micrograms  of  silver  chromate  per 
sq.  cm.,  a  quantity  equivalent  stoichiometrically  to  about  25 
micrograms  of  chloride  ion.  The  sensitivity  of  the  gelatin 
test  paper  was  determined  by  evaporating  to  dryness  0.008-cc. 
droplets  containing  known  quantities  of  sodium  chloride  and 
reducing  the  resultant  spots  of  silver  chloride  to  black  me¬ 
tallic  silver,  following  the  identical  procedure  utilized  in  the 
development  of  the  chloride  pattern.  This  showed  that 
0  0008  microgram  of  chloride  ion  at  a  concentration  limit  of 
1  to  10,000,000  could  be  readily  differentiated  from  a  similar 
spot  (area  10  sq.  mm.)  produced  by  a  droplet  of  distilled 
water.  The  white  stain  of  silver  chloride  on  the  red  back¬ 
ground  of  the  emulsion  can  be  observed  only  at  chloride-ion 
concentrations  exceeding  1  to  20,000.  This  concentration 
limit  is  of  the  same  magnitude  as  the  one  reported  by  Clarke 
and  Hermance  (1),  using  absorbent  papers  impregnated  with 
the  same  reagent.  As  an  excellent  print  is  obtained  at  con¬ 
centrations  of  1  to  500,000  after  reduction  of  the  silver  chlo¬ 
ride,  the  electrically  exposed  emulsion  should  always  be 
developed  even  when  a  white  image  is  not  apparent  on  the 
surface. 


upper  electrode  is  then  fitted  with  a  moist  mat  and  a  sheet  of  the 
silver  chromate  paper  that  has  been  thoroughly  wetted  with  the 
electrolyte.  Excess  liquid  should  be  removed  from  the  emulsion 
by  brushing  the  surface  with  a  lintless  absorbent  paper  before  it  is 

finally  clamped  in  position.  .  ,  ,  .  .  c 

The  two  electrodes  are  connected  to  appropriate  poles  of  a  45- 
volt  battery  in  series  with  a  500-ohm  variable  resistance  and  a  me- 
ter  having  a  range  of  about  100  milliamperes.  The  emulsion  lb 
brought  in  contact  with  the  section,  and  the  potential  is  applied 
and  maintained  until  about  0.2  coulomb  of  electric  charge  per 
fin.  cm.  has  passed  through  the  surface  of  the  tissue. 


Figure  2.  Enlargement  Print  of  Chloride 
Pattern  of  Celery  Specimen  II,  X  20 


Preparation  of  the  Specimen 

To  secure  uniform  electrical  contact  with  the  emulsion,  the 
specimen  must  be  provided  with  two  plane  and  parallel  surfaces. 
Plants  whose  cross-sectional  area  does  not  exceed  about  4  sq.  cm. 
are  easily  faced  with  the  aid  of  a  guillotine  assembled  from  two 
razor  blades  that  are  free  from  bodily  cutouts  (Schick  Magazine 
Razor  Company,  New  York)  mounted  in  a  U-shaped  frame,  sepa¬ 
rated  from  each  other  by  a  distance  equal  to  the  desired  thick¬ 
ness  of  the  section.  The  thickness  of  the  siiee  can  he  varied 
from  a  minimum  of  about  1  mm.  in  accordance  with  the  internal 
resistance  and  the  rigidity  of  individual  specimens  An  average 
thickness  of  about  3  mm.  was  found  suitable  for  the  majority  of 
the  household  fruit  and  vegetables  studied  by  the  writer  Com¬ 
plete  sections  of  larger  specimens  can  be  cut  by  means  of  a  long 
knife  guided  by  properly  spaced  slots  m  a  miter  box.  Nonrigi 
animal  tissue,  in  the  absence  of  a  freezing  microtome,  is  best  cut 

is  placed  la  contact  with  a 
lintless  absorbent  paper,  shifting  the  specimen  until  the  face  is 
freed  from  exuding  fluids.  Fish  and  animal  tissue  tends  to  ad¬ 
here  to  paper  and  the  surfaces  of  such  specimens  are  best  drained 
by  means  of  plane  porous  castings  of  plaster  of  Paris.  These  are 
prepared  by  mixing  35  grams  of  plaster  with  an  equal  volume  of 
water  and  pouring  the  thin  slurry  into  a  square  brass  frame  of 
10-cm.  edge  and  3  mm.  deep  supported  on  a  glass  plate. 


Electrographic  Procedure 

The  apparatus  illustrated  in  Figure  1  has  been  designed 
with  the  object  of  reducing  to  a  minimum  the  period  of  me¬ 
chanical  contact  of  the  specimen  with  the  emulsion. 


The  unit  consists  essentially  of  two  aluminum  electrodes.  The 
lower  one  is  supported  on  a  layer  of  sponge  rubber.  I  he  upper 
one,  carrying  the  emulsion,  slides  freely  in  a  removable  crossbar. 
Thick  absorbent  papers  moistened  with  a  saturated  solution  of 
calcium  sulfate  are  placed  on  the  metal  electrodes  to  facihtate 

uniform  electrical  contact  with  the  specimen.  ,  Q- 

The  section  is  placed  on  the  lower  electrode  with  the  drained 
surface  uppermost.  Some  specimens,  particularly  of  fish  and 
animal  tissue,  tend  to  cling  to  the  emifision  at  the  completion  of 
the  electrolysis;  this  can  be  avoided  by  providing  the  edges  of 
the  electrode  with  thin  strips  of  perforated  Bakehte,  passing  two 
lacquered  steel  pins  through  the  perforations  penetrating  into 
opposite  sides  of  the  specimen  for  a  distance  of  1  to  2  mm.  i  ne 


The  electrical  exposure  for  prints  of  optimum  detail  is 
governed  by  the  quantity  of  ionic  chloride,  and  may  vary  with 
different  specimens  from  a  few  seconds  to  about  2  minutes. 
It  is  not  possible  to  formulate  proper  periods  of  exposure, 
owing  to  the  variation  in  the  chloride  content  of  different 
specimens  from  the  same  species.  The  data  presented  in 
Table  I  are  indicative  of  the  range  of  exposures  that  resulted 
in  prints  of  sufficient  clarity  for  microscopic  study. 


The  electrically  exposed  emulsion  is  treated  with  5  per  cent 
itric  acid  at  approximately  25°  for  about  1  minute,  causing  the 
omplete  decomposition  of  the  red  silver  chromate.  The  pn  t 
3  washed  in  distilled  water  for  at  least  15  minutes  until  it  is  freed 
rom  acid  and  silver  nitrate.  The  paper  is  then  placed  in  a  bath 
»f  Eastman  print  developer,  formula  D-72,  diluted  with  two 
volumes  of  water  until  the  silver  chloride  is  reduced  to  metallic 
lilver  The  exact  developing  time  is  best  gaged  from  the  ap¬ 
pearance  of  the  print.  It  is  convenient  to  identify  different 
prints  by  writing  on  the  edges  of  the  moist  silver  chromate  emul¬ 
sion  with  a  sharp-pointed  fragment  of  fused  potassium  chloride, 
[n  the  developing  bath  the  silver  chloride  inscriptions  are  the 
arst  markings  that  become  visible,  and  the  paper  is  rotatedinthe 
bath  until  the  notations  acquire  a  jet-black  color.  At  this  point 
the  electrographic  image  is  usually  at  its  greatest  clanty  and  fur 
ther  developing  action  is  terminated  by  immersing  the  print  in 
1  per  cent  aceti c  acid  for  a  few  seconds.  The  paper  is  finally 

washed  in  running  tap  water  for  about  30  minutes. 

The  dry  prints  are  mounted  on  rigid  cardboards  with  the  aid  of 
rubber  cement.  The  chloride  pattern  is  best  examined  for  fine 
detail  with  a  metallographic  microscope  or  similar  instrument 
with  a  vertical  illuminator. 


Sufficient  time  has  not  elapsed  to  enable  the  writer  to  make 
definite  statements  concerning  the  stability  of  the  pattern  on 
aging  but  it  would  appear  that  properly  washed  prints  should 
approximate  the  stability  of  pictures  on  photographic  paper. 
It  is  good  practice  to  make  a  photographic  copy  of  the  pat¬ 
tern  as  enlargement  prints  made  from  the  negative  facihtate 
the  study  of  macro  segregation.  Typical  enlargement  prints 
of  the  chloride  patterns  of  sections  of  celery  and  carrot  are 
reproduced  in  Figures  2  and  3. 
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Discussion  of  Results 

In  the  absence  of  ionic  bromides  and  iodides  the  resulting 
black  markings  on  the  processed  print  can  be  interpreted  as 
mirror  images  of  the  location  of  ionic  chloride  in  the  tissue. 


Metallic  sulfides  produce  black  images  of  silver  sulfide  when 
mineral  specimens  containing  galena  or  pyrites  are  electro- 
graphed  on  silver  chromate  emulsions.  These  markings  do 
not  dissolve  completely  in  cold  5  per  cent  nitric  acid.  The 
presence  of  sulfide  ion  in  normal  tissue  is  highly  improbable, 

and  if  found  would  reveal  itself  by 
black  markings  on  the  unprocessed 
print. 

That  the  image  is  formed  by 
chloride  ions  migrating  from  points 
within  the  tissue  to  the  anode  and 
is  not  merely  a  contact  print  of 
the  film  of  dissolved  salts  residing 
on  the  drained  surface  of  the  speci¬ 
men  is  demonstrated  by  the  series 
of  prints  in  Table  I  of  celery  speci¬ 
men  I.  In  this  reproduction  (en¬ 
larged  threefold)  a  and  b  are  two 
successive  contacts  of  the  speci¬ 
men  with  the  sensitized  emulsion 
and  c  and  d  are  electrographic 
prints  produced  by  the  passage  of 
0.1  and  0.05  coulomb  electric 
charge,  respectively.  It  is  evident 
that  electrograph  c  is  of  greater 
intensity  and  clarity  than  the 
initial  contact  prints.  Careful  in¬ 
spection  of  the  four  images  also 
shows  the  presence  of  specific 
markings  in  the  electrographs 
which  are  entirely  lacking  in  the 
contact  prints,  particularly  the 
pronounced  circular  fibers  on  the 
outer  periphery  of  the  section. 

In  view  of  the  difficulty  of 
securing  perfect  electrical  contact 
with  the  tissue,  white  regions 
within  the  chloride  print  of  a 
homogeneous  specimen  do  not 
prove  the  absence  of  this  element, 
as  an  external  resistance  may 
have  been  superimposed  as  a  re¬ 
sult  of  the  localized  inclusion  of 
air  between  the  tissue  and  the 
emulsion.  Such  voids  in  the 
pattern  can  be  distinguished  from 
true  segregations  in  that  they  are 
not  reproducible  in  successive 
prints.  The  number  of  exposures 
that  can  be  made  from  a  given 
sample  depends  principally  on  the 
abundance  of  the  chloride  ion.  In 
the  study  of  one  potato  section,  six 
successive  prints  were  made  using 
a  current  density  of  3  milliamperes 
per  sq.  cm.  and  an  exposure  period 
of  1  minute.  All  six  patterns  were 
identical,  the  last  print  being  of 
about  the  same  intensity  as  the 
initial  electrograph.  In  some 
carrot  specimens,  however,  the 
chloride  ion  appears  to  be  com¬ 
pletely  depleted  after  the  third  ex¬ 
posure. 

The  question  also  arises  whether 
the  reproducible  segregations  are  a 
measure  of  the  abundance  of  the 
chloride  ion,  or  merely  represent 
differences  in  the  electrical  conduc- 


Table  I.  Chloride  Patterns  of  Vegetable  Tissue 


Specimen 

I.  Celery 

(near  root) 
a 
b 


Area  Current  Time 
Sq.  Cm.  Milliamp.  Sec. 


0.6 


0  30 

0  30 

3.5  30 

3.5  15 


II.  Celery 

(middle  region)  1.5 


6.0  30 


III.  Potato 

(full  section)  14.5  18  60 


IV.  Potato 

(partial  section)  5.7  22  30 


V.  Cauliflower 
(green  stalk) 


1.4 


10 


30 


VI'  Carrot 


7.1  26 


60 
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Figure  3.  Enlargement  Print  of  Chloride  Pat¬ 
tern  of  Carrot  Specimen  VI,  X  10 


Figure  4.  Photomicrographic  Detail  from  Chlo¬ 
ride  Pattern  of  Potato,  X  100 


tivity  of  the  respective  regions.  A  general  solution  to  this 
problem  is  a  matter  of  considerable  difficulty ,  as  the  conduc¬ 
tivity  of  the  tissue  is  itself  proportionate  to  the  concentration 
and  character  of  the  ions  present  in  the  cellular  fluids,  and  a 
simple  measurement  of  the  resistivity  of  various  points  of  the 
tissue  would  not  suffice  even  if  experimentally  feasible.  In  the 
case  of  macro  segregations  occurring  over  areas  sufficiently 
large  to  provide  ample  samples  for  microchemical  analysis,  the 
validity  of  the  electrographic  pattern  can  be  tested  by  measur¬ 
ing  the  chloride  content  of  the  aqueous  extracts  from  the  areas 


in  question.  Such  analyses  were  made  on  the  carrot  section 
shown  in  Figure  3,  removing  annular  layers  about  1  mm. 
thick  over  a  length  of  3  cm.  from  the  inner  core  and  the  sur¬ 
rounding  wall  as  indicated  by  arrows  a  and  b,  respectively. 
Analysis  of  the  aqueous  extracts  from  these  samples  revealed 
a  chloride  content  of  0.13  and  0.08  per  cent,  which  agrees  in 
magnitude  with  the  relative  intensities  of  the  two  areas  on  the 

print.  . 

The  interpretation  of  the  chloride  pattern  is  further  com¬ 
plicated  by  the  intensification  of  the  print  along  the  outer 
borders  of  the  section.  Thus,  it  would  appear  from  inspec¬ 
tion  of  the  complete  section  of  the  potato  (Table  I,  specimen 
III)  that  a  considerable  segregation  of  chloride  occurred  in 
the  skin.  However,  the  electrograph  of  a  partial  section 
(Table  I,  specimen  IV)  shows  an  intensification  along  the  three 
cut  edges  similar  to  that  of  the  skin  itself.  This  edge  effect 
is  probably  caused  by  the  more  intimate  electrical  contact 
between  specimen  and  the  emulsion  along  the  interface. 
An  analogous  condition  may  exist  on  an  ultramicro  scale 
along  the  wall  of  individual  cells  of  the  potato,  as  indicated 
by  the  microphotograph  of  its  chloride  pattern  in  Figure  4. 

With  the  present  rudimentary  development  of  the  electro¬ 
graphic  technique  the  chloride  pattern  can  be  interpreted  only 
as  a  qualitative  pictorial  rendition  of  the  surface  of  a  section 
proving  the  presence,  but  not  necessarily  the  absence,  of  the 
chloride  ion  in  different  parts  of  the  tissue.  The  clarity  of  the 
chloride  pattern  is  dependent  on  the  plane  character  of  the  cut 
surface,  its  rigidity,  and  the  absence  of  liquid  seepage  from 
the  specimen  while  it  is  being  electrographed.  Compact 
vegetable  tissues  yield  electrographs  of  sufficient  clarity  to  per- 
mit  microscopic  resolution  of  cellular  detail.  Typical  struc- 
tures  are  exhibited,  under  varying  degrees  of  magnification, 
in  Figures  4,  5,  and  6.  These  figures  are  presented  only  as 
examples  of  the  definition  obtainable  by  the  technique  de¬ 
scribed.  They  should  not  be  interpreted  as  definitive  of  the 
chloride  disposition  within  the  respective  species.  Fresh 
garden  specimens  were  not  available  for  study  and  the  elec¬ 
trographs  undoubtedly  contain  abnormal  features  owing  to 
the  state  of  decay  of  the  samples  and  to  the  injury  of  certain 
cells  during  the  sectioning. 

The  extraordinary  definition  and  delicacy  of  the  method 
are  characterized  by  the  photomicrograph  (Figure  5)  of  a 


Figure  5.  Photomicrographic  Detail  from  Chloride 
Pattern  of  Cauliflower,  X  500 
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Figure  6.  Photomicrographic  Detail  from  Chloride  Pattern  of  Carrot,  X  50 


detail  from  the  chloride  pattern  of  the  cauliflower  specimen 
V  shown  in  Table  I.  The  capillary  unit  indicated  by  the 
arrow  on  Figure  5  corresponds  to  an  area  of  1.2  X  10-5  sq. 
cm.  on  the  original  chloride  pattern.  By  comparing  the  in¬ 
tensity  of  the  region  with  spots  produced  by  droplets  of 
known  chloride  content  it  is  estimated  that  about  2  X  10-12 
gram  of  chloride  ion  reacted  with  the  emulsion  in  the  forma¬ 
tion  of  the  image  of  this  capillary.  The  photomicrographs 
also  suggest  that  the  electrographic  process  can  be  employed 
in  the  estimation  of  cell  dimensions. 

Chloride  patterns  of  animal  tissue  are  not  of  comparable 
clarity  with  those  obtained  from  plant  sections,  owing  to  the 
mechanical  difficulties  of  securing  a  properly  faced  section. 
After  electrographic  contact  with  animal  tissue,  gelatinous 
matter  usually  adheres  to  the  emulsion.  This  can  be  re¬ 
moved  while  the  sheet  is  in  the  nitric  acid  bath  by  brushing 
the  surface  with  a  soft  brush.  Since  the  electrographic 
•method  requires  the  use  of  freshly  sectioned  tissue,  the  writer 
has  not  been  able  to  make  detailed  application  of  the  tech¬ 
nique  on  animal  tissue.  In  one  experiment,  made  possible 
through  the  kind  collaboration  of  W.  H.  Summerson,  ap¬ 
proximately  plane  sections  cut  from  the  liver,  heart,  and  brain 
of  a  large  white  rat  immediately  after  the  death  of  the  animal 
were  electrographed  on  a  silver  chromate  emulsion.  Micro¬ 
scopic  examination  of  the  resultant  chloride  patterns  revealed 
typical  structures  characteristic  of  the  respective  organs.  A 
detail  from  the  brain,  showing  the  skin  layers,  is  reproduced  in 
Figure  7. 

Electrographic  Patterns  of  Alkali  Metals 

Among  the  other  ionic  constituents  present  in  normal  tissue 
of  which  electrographs  can  be  made  are  sodium  and  potas¬ 
sium.  Unfortunately,  distinctive  color  reactions  are  not 
available  for  either  of  these  elements  that  are  comparable  in 
sensitivity  with  the  silver  chromate  emulsion  employed  in  the 
formation  of  the  chloride  pattern.  Electrographs  of  fairly 
sharp  definition  revealing  the  presence  of  the  common  alkalies 
in  sections  of  potato,  celery,  radish,  and  carrot  have  been  ob¬ 
tained,  using  as  the  recording  medium  sheets  of  plaster  of 
Paris  1  mm.  thick  moistened  with  appropriate  reagent  solu¬ 
tions.  The  tentative  procedure  for  the  formation  of  sodium 
and  potassium  patterns  is  as  follows: 

Zinc  uranyl  acetate  solution  serves  as  the  reagent  in  the  elec¬ 
trographic  detection  of  sodium,  a  deposit  of  the  sparingly  soluble 
sodium  zinc  uranyl  acetate  forming  on  the  plaster  as  the  sodium 
ion  migrates  to  the  cathode.  The  pattern  is  rendered  visible  by 
examining  the  sensitized  casting  under  ultraviolet  light,  which 
causes  the  sodium  compound  to  fluoresce  a  bright  green.  It  is  not 
necessary  to  remove  excess  reagent,  as  the  solids  deposited  on  the 
plaster  by  the  evaporation  of  the  reagent  solution  are  not  fluores¬ 
cent. 


Potassium  patterns  can  likewise  be  obtained  by  moistening  the 
plaster  sheet  with  a  freshly  prepared  20  per  cent  solution  of  so¬ 
dium  cobaltinitrite.  After  electrographic  exposure  the  sheet  is 
permitted  to  dry  and  excess  reagent  is  removed  by  repeated  ex¬ 
tractions  with  1  per  cent  acetic  acid.  The  yellow  outlines  of  po¬ 
tassium  cobaltinitrite  residing  on  the  plaster  can  be  rendered 
more  suitable  for  microscopic  examination  by  exposing  the  sur¬ 
face  to  hydrogen  sulfide  vapors,  which  produce  a  superficial  film 
of  black  cobalt  sulfide  on  the  yellow  pattern.  In  the  case  of  the 
potato,  the  ash  of  which  is  very  rich  in  potassium,  an  exposure 
of  15  seconds  at  a  current  density  of  about  15  milliamperes  per 
sq.  cm.  suffices  for  the  rendition  of  a  potassium  pattern  which 
approximates  the  corresponding  chloride  pattern  in  its  exhibition 
of  macro  detail. 


Figure  7.  Detail  from  Chloride 
Pattern  of  Section  of  Rat  Brain, 
X  12.5 


In  general,  when  working  with  tissues  of  low  alkali  content 
it  is  necessary  to  prolong  the  exposure  for  about  2  minutes  in 
order  to  electrolyze  a  sufficient  quantity  of  the  ion  being 
studied  out  of  the  section  for  the  formation  of  a  distinct 
image  of  the  plaster  medium.  This  results  in  a  loss  of  defini¬ 
tion  owing  to  the  diffusion  of  the  water-soluble  reagents  and 
the  sparingly  soluble  precipitates.  The  analytical  value  of 
these  patterns  would  be  greatly  enhanced  by  the  discovery  of 
fixed  reagents  for  sodium  and  potassium  following  the  prin¬ 
ciples  formulated  by  Clarke  and  Hermance  ( 1 )  for  the  use  of 
such  reagents  in  spot  test  analysis. 

Summary 

A  simple  electrographic  method  for  the  analysis  of  certain 
ionic  constituents  of  plant  and  animal  tissue  is  described, 
capable  of  rendering  sharply  defined  patterns  in  terms  of 
specific  ions.  The  general  technique  has  been  improved 
through  the  use  of  sparingly  soluble  reagents  distributed  in 
structureless  media  such  as  gelatin  and  thin  castings  of  plaster 
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of  Paris.  The  improvements  in  the  technique  permit  the  ob¬ 
servation  of  cellular  detail  in  the  electrographic  pattern  pro¬ 
duced  by  the  chloride  ion  on  a  silver  chromate  gelatin  emul¬ 
sion. 
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A  Pyrex  All-Glass  Microelectrophoresis  Cell 

DAVID  R.  BRIGGS 

Division  of  Agricultural  Biochemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  all-glass  modification  of  the  Northrup-Kunitz 
microelectrophoresis  cell  (7)  as  described  by  Abramson 
(S)  has  proved  very  satisfactory  in  the  measurement  of  mi¬ 
gration  velocities  of  particles  suspended  in  aqueous  media. 
It  is  not  easy  to  construct,  however,  and  its  general  use  has 
been  seriously  curtailed  on  this  account.  In  certain  cases,  too, 
the  danger  of  contaminating  the  liquid  in  the  flat  part  of  the 
cell  by  stopcock  lubricant  or  electrode  liquor  may  be  of  im¬ 
portance.  A  cell  designed  by  Buzach  and  described  by  Bull 
(4)  eliminates  this  latter  difficulty  but  introduces  others  due 
to  the  fact  that  this  cell  is  constructed  by  cementing  the  parts 
together.  A  recent  discussion  of  the  various  modifications 
of  microelectrophoresis  cells  can  be  found  in  a  review  article 

by  Abramson  (I).  . 

The  microelectrophoresis  cell  and  accompanying  electrical 
hookup  described  here  were  primarily  designed  for  use  in 
measuring  the  migration  velocities  of  particles  suspended  m 
organic  liquids.  The  entire  assembly  may  be  used  as  well  with 
aqueous  systems.  The  simplicity  of  design  and  use  a,nd  the 
relative  ease  of  construction  of  the  cell,  together  with  the 
novel  arrangement  employed  for  determining  the  field 
strength  during  the  measurement,  seem  to  warrant  publica¬ 
tion  of  a  description  of  this  apparatus. 

Design  of  Cell 

Figure  1  is  a  line  drawing  of  the  cell.  The  flat  part.  A,  of  rec¬ 
tangular  cross  section,  is  constructed  from  polished  Pyrex  glass 
slides,  25  X  75  X  1  mm.  (1  X  3  inches  X .  1  mm.),  obtained 
from  the  Coming  Glass  Company.  Two  such  shdes  are  ground 


at  the  ends  to  the  shape  shown  in  A '  and  are  arranged  in  a  parallel 
position  with  a  spacer  sheet  of  thickness  equal  to  the  depth  de¬ 
sired  in  the  finished  cell  (0.8  to  1.0  mm.)  employed  to  hold  the 
shdes  apart.  (Sheet  aluminum  has  been  found  usable  for  this 
purpose,  but  a  slide  of  Pyrex  glass  similar  to  that  used  in  forming 
the  top  and  bottom  of  the  cell  is  much  better.  A  sheet  of  mica 
of  the  proper  thickness  should  serve  the  purpose  very  well,  smce 
it  would  be  resistant  to  heat  and  would  not  conduct  heat  away  so 
rapidly  as  to  cause  strains  to  appear  in  the  Pyrex  shdes.) 

The  assembly  may  be  supported  in  a  vise  with  one  long  edge 
horizontal  and  extending  well  above  the  point  of  support.  Care¬ 
ful  adjustment  of  the  distance  between  the  shdes  (using  a  microm¬ 
eter)  at  this  point  in  the  preparation  will  assure  a  minimum  of 
deviation  from  parallelism  of  the  top  and  bottom  surfaces  in  the 
finished  cell.  The  spacer  sheet  should  extend  about  a  third  of  the 
distance  to  the  top  edge  of  the  assembly  A  rod  of  Pyrexglass 
approximately  2  mm.  in  diameter,  is  laid  along  the  top  edge  of 
the  assembly  and  melted  on  to  the  edge  of  the  slides  with  an  oxy¬ 
gen-gas  flame  (using  a  hand  torch).  The  seal  is  extended  along 
the  ground  ends  of  the  shdes.  When  the  spacer  sheet  is  removed 
the  sealed  edge  supports  the  shdes  parallel  to  each  other.  By 
reversing  the  position  of  the  shdes  in  the  support,  the  other  edge 
can  be  sealed  in  like  manner.  To  the  holes  left  at  either  end  of 
the  flat  ceh  is  sealed  a  Pyrex  tube  of  8-mm.  diameter  The  shde 
which  is  to  be  the  top  of  the  flat  ceh  is  heated  at  the  pomts  of 
seal  and  blown  to  smooth  connections  with  the  tubes.  The  flat 
ceh  with  its  connecting  tubes  should  be  annealed  carefully  (by 
bringing  it  slowly  to  an  incipient  red  heat  m  a  muffle  furnace 

and  allowing  it  to  cool  slowly).  ,  ,  , 

The  end  parts  of  the  complete  cell,  which  should  be  prepared 
seDaratelv  and  then  sealed  to  the  connecting  tubes  of  the  flat 
cell  consist  of  the  electrodes,  B  and  B',  the  stopcocks,  C,  and, 
on  one  side,  the  funnel,  D,  through  which  the  liquid  will  be  intro¬ 
duced  into  the  completed  cell.  , 

Pyrex  standard  taper  (No.  1)  stopcocks,  C,  with  1-nmi.  bore, 
nresent  ample  contact  area  to  prevent  leakage  past  these  points 
^  when  used  either  with  or  without  lubricant. 

Each  electrode  is  constructed  from  a  Pyrex 
standard  taper  (12/30)  ground-glass  joint. 
The  outer  part,  B,  is  sealed  in,  as  illustrated, 
to  form  an  integral  part  of  one  of  the  end 
parts  of  the  cell.  The  inner  part,  B  ,  may  be 
sealed  off  at  a  point  several  millimeters  below 
the  joint  and  blown  into  the  shape  shown.  The 
large  ground  contact  area  of  the  joint  will  pre- 
vent  leakage  at  this  point  whether  lubricant  is 
used  or  not,  and  when  the  two  parts  of  the 
joint  are  forced  firmly  together  no  other  pre- 
caution  need  be  taken  to  prevent  the  inner  part 
from  dropping  out. 


In  order  to  use  the  cell  with  organic  liquids 
it  is  necessary  to  be  able  to  remove  the  work¬ 
ing  electrodes  and  change  their  contents  easily , 
and  to  get  the  liquid  into  the  flat  part  of  the 
cell  without  danger  of  contamination  from 
the  electrodes  or  from  stopcock  lubricant. 
These  requirements  are  met  completely  in 
the  design  as  shown  without  introducing  any 
trouble  from  leakage. 
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A  platinum  wire  can  be  sealed  through  the 
bottom  of  the  bulb  on  fi'  to  make  contact  with 
a  few  drops  of  mercury  placed  therein.  A  solu¬ 
tion  of  mercuric  nitrate  in  the  lower  bulb  of 
the  electrode  makes  this  a  good  reversible  elec¬ 
trode  to  use  with  aqueous  systems. 

A  glass  bead,  E,  dropped  into  the  electrode 
chamber,  makes  it  possible  to  pipet  out  the 
contents  of  the  upper  chamber  and  change 
them  when  desired  without  disturbing  the  con¬ 
tents  of  the  lower  bulb.  In  aqueous  systems 
a  half-saturated  solution  of  potassium  nitrate 
is  used  to  fill  the  upper  chamber  of  B'  before 
putting  the  inner  part  of  the  ground-glass  joint 
in  place.  In  any  case  the  solutions  used  in 
the  electrode  chamber  must  have  a  density 
greater  than  that  of  the  liquid  to  be  used  in 
the  cell.  The  design  of  B'  and  the  electrode 
materials  used  may  be  appropriately  varied  to 
obtain  reversible  electrodes  for  liquids  other 
than  water.  No  other  modifications  need  be 
made  in  the  construction  of  the  cell  in  order  to 
use  it  with  any  such  systems. 


The  suspension  to  be  studied  is  intro¬ 
duced  at  D  and  allowed  to  flow  in  both 
directions  over  the  electrode  contacts  and 
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Figure  2.  Wiring  Diagram  of  Setup  for  Measuring  Electrophoretic 

Velocity 

Vacuum  tube  voltmeter  used  to  estimate  field  strength  within  microelectrophoresis  cell. 


out  through  the  stopcocks.  If  desired,  lubricant  may  be 
used  on  the  stopcocks  and  on  the  ground-glass  joints  of  the 
electrodes,  since  there  exists  no  possibility  of  thereby  con¬ 
taminating  the  liquid  in  the  flat  part  of  the  cell.  Fresh  liquid 
can  be  introduced  and  passed  into  the  cell  at  any  time  with¬ 
out  danger  of  contamination.  A  hollow  glass  stopper  with 
pinhole  opening  at  side  may  be  used  on  D  to  prevent  evapo¬ 
ration  at  this  point. 

The  complete  cell  must  be  mounted  rigidly  in  a  support 
which  can  be  set  on  the  microscope  stage  in  the  proper  position 
for  observations. 

While  the  thickness  of  the  glass  slides  (1.0  mm.)  makes  for 
greater  ruggedness  of  the  completed  cell,  it  also  requires  that 
the  objective  used  on  the  microscope  assembly  be  of  long 
working  distance,  since  it  is  necessary  to  be  able  to  focus  at  all 
depths  of  the  cell,  when  it  is  filled  with  the  suspension  upon 
which  migration  velocity  measurements  are  to  be  made. 
As  Moyer  ( 6 )  has  emphasized,  it  is  desirable  to  obtain  as 
high  a  degree  of  magnification  as  possible,  since  this  narrows 
the  depth  in  the  cell  in  which  particles  will  be  in  focus  and 
thereby  increases  the  accuracy  with  which  their  motion,  at 
any  given  depth,  can  be  determined.  If  the  volume  depth 
of  the  liquid  in  the  cell  is  approximately  1  mm.  it  is  possible 
to  use  a  X21  objective  with  a  working  distance  of  1.6  mm. 
(in  air).  If,  however,  it  is  desired  to  use  the  X40  water-im¬ 
mersion  objective  of  working  distance  1.9  mm.  recommended 
by  Moyer,  the  cell  should  be  constructed  with  a  depth  of  about 
0.8  mm.  This  depth  is,  of  course,  determined  by  the  thick¬ 
ness  of  the  spacer  sheet  clamped  between  the  slides  during 
the  construction  process.  In  either  case,  only  a  small  excess 
in  working  distance  is  left  when  the  microscope  is  focused  on 
the  bottom  of  the  cell  when  it  is  filled  with  the  liquid,  and 
in  order  to  measure  the  actual  depth  of  the  cell,  when  it  is 
empty,  another  objective  of  longer  working  distance  must  be 
used. 

For  a  cell  having  a  depth  of  1  mm.,  the  ratio  of  width  to 
depth  is  about  25;  for  one  having  a  depth  of  0.8  mm.  this 
ratio  would  be  over  30.  At  such  values,  the  velocity  of  the 
particles  measured  at  the  0.21  or  0.79  levels  should,  according 
to  the  theories  of  Smoluchowski  ( 8 )  and  Komagata  (5),  be 
the  true  migration  velocities  of  the  particles.  Measurements 
were  made  at  these  levels  in  a  cell  1.05  mm.  in  total  depth, 
using  human  erythrocytes  in  0.67  M  phosphate  buffer  of  pH 
7.35  as  standard  particles.  A  mobility  of  1.33m  per  second 
per  volt  per  cm.  (at  25°  C.)  was  observed,  which  agrees 
well  with  values  given  by  Abramson  (2). 


Electrical  Setup 

Figure  2  shows  the  electrical  setup  required  when  organic 
liquids  of  low  specific  conductivity  are  used  in  the  cell.  When 
aqueous  solutions  are  used,  the  ammeter  method  of  measur¬ 
ing  the  current  passing  through  the  cell  can  be  employed  as 
the  basis  for  calculating  the  field  strength  within  the  cell. 
The  principle  of  the  setup  shown  in  Figure  2  is  similar  to  one 
using  an  ammeter,  except  that  an  electron  tube  voltmeter  is 
employed  to  adjust  to  a  definite  value  the  voltage  drop  across 
a  known  resistance,  r,  which  lies  in  series  with  the  electro¬ 
phoresis  cell  in  the  working  circuit.  The  working  current  in 
the  circuit  containing  the  cell  can  then  be  calculated  by 
Ohm’s  law.  This  arrangement  has  the  advantage  that  only  a 
change  in  r  will  be  required  to  make  possible  its  use  with 
liquids  of  any  conductivity  value. 

The  electron  tube  voltmeter  shown  is  the  simplest  possible 
type  and  costs  very  little  to  construct.  The  manner  of  use  is 
as  follows : 

With  a  battery  of  known  voltage,  S,  in  the  grid  circuit  of  the 
tube,  the  current  in  the  plate  circuit,  measured  by  the  10-15 
miUiammeter,  D,  is  adjusted  to  some  convenient  scale  reading 
by  the  two  10  M  potentiometers,  x  +  y.  Using  a  double-pole 
double-throw  switch,  A,  a  part,  r,  of  the  resistance  in  the  working 
circuit  containing  the  electrophoresis  cell,  T,  is  substituted  for 
S.  By  adjusting  the  potentiometer,  C,  which  lies  across  the  direct 
current  voltage  supply,  the  reading  on  D  is  brought  to  the  same 
value  as  when  S  is  present  in  the  grid  circuit.  The  potential  drop 
across  r  then  is  equal  to  the  standard  voltage,  S. 

The  voltage  drop  per  centimeter  in  the  electrophoresis  cell  is 
calculated  from  the  equation 


where  E  =  potential  drop  in  the  electrophoresis  cell  (volts  per 
cm.) 

S  =  voltage  of  the  standard  cell  (volts) 

A  =  area  of  cross  section  of  electrophoresis  cell  (sq.  cm.) 

X  =  specific  conductivity  of  liquid  in  electrophoresis 
cell  (ohms-1) 

and  r  =  the  known  resistance  in  working  circuit  across 
which  the  standard  voltage  drop  is  obtained 
(ohms) 

By  varying  r,  any  desired  value  for  E  can  be  obtained.  In 
practice,  it  is  simpler  to  substitute  a  succession  of  known  resist¬ 
ances  in  the  circuit  at  r  until  a  convenient  rate  of  migration  of  the 
particles  is  observed  in  the  cell  and  then  to  calculate  the  value 
of  E  by  the  above  equation.  (With  each  change  in  r  the  position 
of  C  must  be  changed  to  bring  reading  at  D  back  to  that  given 
when  S  is  substituted  for  r.) 

The  degree  of  accuracy  for  this  method  of  measuring  E, 
using  the  parts  as  shown  in  Figure  2,  is  of  the  order  of  1  to 
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2  per  cent.  Further  refinements  leading  to  a  greater  sensi¬ 
tivity  of  the  voltmeter  could  increase  to  almost  any  desired 
value  the  accuracy  with  which  the  field  strength  could  be 
estimated. 

Switch  B  is  used  to  reverse  the  polarity  of  the  electrodes 
in  the  electrophoresis  cell  without  affecting  any  other  part  of 
the  circuit.  By  occasionally  comparing  the  reading  at  D  when 
first  S  then  r  is  connected  into  the  grid  circuit,  variations  in 
the  applied  voltage  at  C  can  be  made  to  maintain  constant  the 
value  of  E  during  the  course  of  the  measurement  of  migra¬ 
tion  velocity. 

The  electrophoretic  properties  of  particles  suspended 
in  alcohols  of  specific  conductivity  approximating  10  “8  mho, 
and  of  particles  suspended  in  aqueous  solutions  of  specific 
conductivity  of  the  order  of  10 ~3  mho,  have  been  measured 
with  equal  facility  with  this  apparatus. 
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Microhydrogenation  Apparatus 

ARTHUR  N.  PRATER  and  A.  J.  HAAGEN-SMIT 
California  Institute  of  Technology,  Pasadena,  Calif. 


4  LONG  with  the  development  of  general  microanalytical 
procedures  for  organic  compounds,  it  has  been  necessary 
to  produce  more  specialized  methods.  One  such  method  that 
has  assumed  great  importance  in  structure  determination  is 
the  quantitative  measurement  of  the  amount  of  hydrogen 
consumed  in  a  microhydrogenation.  For  investigations  on 
plant  hormones  and  other  physiologically  active  substances 
in  the  authors’  laboratories  it  became  necessary  to  construct 
an  apparatus  for  microhydrogenation.  There  have  been 
several  devices  of  this  type  described  by  various  investigators 
(2-6,  8,  9)  which  have  one  or  more  of  the  following  objec¬ 
tionable  features:  The  apparatus  must  be  operated  in  a 


sensitive  thermostat,  incomplete  temperature  compensation 
is  provided,  and  a  large,  fragile,  glass  coil  or  a  lubricated 
ground  joint  is  used  to  connect  the  reaction  and  measuring 

systems.  .  , 

The  apparatus  described  here  is  in  part  a  combination  ol 

the  desirable  features  of  the  earlier  designs  referred  to  above, 
and  is  so  constructed  that  the  entire  reaction  and  measuring 
system  is  shaken  as  a  unit,  eliminating  the  necessity  of  having 
ground  joints  which  must  be  able  to  rotate  freely  and  yet  be 
absolutely  gas-tight.  The  apparatus  has  been  in  use  for  t  e 
past  year,  and  has  given  satisfactory  results  on  a  number  ot 
compounds.  Complete  temperature  compensation  is  pro- 


Figtjre  1.  Top  View  of  Apparatus 
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Figure  2.  Scale 
Drawing  of  Reac¬ 
tion  and  Hydrogen- 
Purifying  Systems 


vided  by  having  two  completely  symmetrical  systems  con¬ 
nected  so  that  one  serves  as  the  reaction  system  and  the  other 
as  the  compensator.  Both  systems  carry  a  4-ml.  and  a  50-ml. 
buret,  extending  the  usefulness  of  the  apparatus  to  small-scale 
preparative  work  on  a  quantitative  basis.  In  cases  where' the 
temperature  compensation  is  not  necessary,  two  determina¬ 
tions  can  be  run  simultaneously,  effecting  a  considerable  sav¬ 
ing  of  time. 

Description  of  Apparatus 

The  apparatus  consists  of  three  main  units:  the  hydrogen- 
purifying  system,  the  reaction  and  measuring  system,  and  the 
vacuum  system.  Figure  1  gives  a  top  view  showing  the  relative 
positions  of  the  three  units.  A  scale  drawing  of  the  reaction  and 
hydrogen-purifying  systems  is  shown  in  Figure  2.  The  rigid 
framework  consists  of  2.5-cm.  (1-inch),  seven-ply  wood  bolted 
together  with  right-angle  strap  iron. 

The  reaction  and  measuring  system  is  carried  on  a  panel  of 
1.25-cm.  (0.5-inch)  ply  wood,  and  is  pivoted  on  an  axis  centered 
along  3 A  and  3B.  The  center  portion  of  the  panel  is  cut  away  to 
allow  room  for  the  flasks,  heater,  etc.  The  axle  is  a  1.25-cm. 
(0.5-inch)  steel  rod  held  to  the  rigid  framework  by  two  bronze- 
bushed  adjustable  shaft  hangers  and  to  the  swinging  panel  by 
bronze  bushings.  This  entire  unit  is  rocked  by  an  eccentric 
driven  by  a  sewing  machine  motor.  A  speed  of  75  to  150  strokes 
per  minute  through  a  15°  arc  provides  thorough  mixing  in  the  re¬ 
action  flasks. 

Connections  to  the  hydrogen-purifying  system  and  the  vacuum 
system  are  made  through  ground  joints  3 A  and  SB,  respectively. 
For  convenience  in  quickly  connecting  the  apparatus  and  to  re¬ 
duce  breakage,  these  joints  are  located  in  the  axis  of  rotation. 
When  the  system  has  been  filled  with  hydrogen,  however,  the 
connecting  pieces,  2A  and  2 B,  are  removed,  since  they  are  no 
longer  needed.  The  reaction  and  measuring  system  is  sym¬ 
metrical  along  the  line  connecting  stopcocks  6  and  8.  Each  half 
of  this  symmetrical  unit  has  a  50-ml.  and  a  4-ml.  (0.01-ml.  di¬ 
visions)  buret,  a  reaction  flask  with  a  24/40  ground  joint  con¬ 
necting  to  the  apparatus,  and  a  side  stopper  for  introducing  the 


sample  (5).  The  two  symmetrical  halves  are  connected  by  the 
two  three-way  stopcocks,  6  and  8.  Two  ground  joints,  5A  and 
5 B,  are  necessary  for  flexibility  in  assembling  and  cleaning. 

Except  for  the  burets,  stopcocks  9A  and  9. B,  and  the  reaction 
flasks,  the  entire  reaction  and  measuring  system  is  constructed  out 
of  1-mm.  capillary  tubing  and  1-mm.  capillary  stopcocks.  Joints 
5A  and  5 B  are  so  constructed  from  capillary  tubing  that  no  large 
pocket  is  formed  within  the  gas  space.  The  mercury  leveling 
bulbs  are  adjustable  along  steel  rods  affixed  to  the  stationary 
framework. 

The  hydrogen  purifying  system  is  similar  to  that  previously 
described  ( 6 ).  It  consists  of  a  heated  tube  of  platinized  asbes¬ 
tos,  two  bubbler  tubes  of  sodium  plumbite  solution,  and  two 
drying  tubes  filled  with  anhydrous  magnesium  perchlorate.  The 
stopcock,  1,  isolates  the  purifying  system  when  not  in  use.  The 
hydrogen  is  taken  from  a  cylinder  through  a  reducing  valve  set 
at  5-  to  10-cm.  of  mercury  (1  or  2  pounds’)  pressure. 

The  vacuum  system  may  consist  simply  of  an  aspirator  or, 
more  elaborately,  of  a  high- vacuum  pump,  cooled  traps,  and  a 
McLeod  gage.  The  latter  is  useful  in  detecting  leaks  in  the  ap¬ 
paratus,  although  the  former  simpler  arrangement  is  satisfactory. 
In  these  laboratories  a  portable  vacuum  unit  is  used  which  can 
be  connected  to  the  system  by  the  ground  joint  when  an  analysis 
is  to  be  run. 

Reagents 

Any  of  the  highly  purified  solvents  customarily  used  in 
hydrogenations  may  be  employed.  Platinic  oxide  ( 1 )  and 
platinum  black  have  been  used  as  catalysts. 

Cleaning  and  Assembling  Apparatus 

The  entire  apparatus  is  cleaned  thoroughly  and  dried.  The 
ground  joints  and  all  the  stopcocks  except  No.  8  are  greased  with 
a  good  quality  degassed  stopcock  grease.  The  glassware  is  as¬ 
sembled  and  clamped  on  the  shaking  board.  The  flasks  are  at¬ 
tached  by  wing-nut  screw  clamps.  It  is  important  that  the  clamps 
be  carefully  padded  with  felt  to  prevent  breakage.  Joints  5A 
and  5 B  are  held  together  by  springs  or  strong  rubber  bands. 
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The  burets  are  filled  with  purified,  redistilled  mercury.  Stopcock 
8  is  lubricated  with  an  oil-insoluble  glycerol-manmtol-dextnn 
mixture  (7).  The  manometer  is  filled  by  sucking  butyl  phtha  ate 
through  stopcock  8.  For  ease  in  reading,  the  butyl  phthalate 
may  be  colored  with  Sudan  red. 


Testing  the  Apparatus 

For  convenience  and  clarity  in  presenting  the  details  of 
the  manipulation  of  the  apparatus,  the  positions  of  the  stop¬ 
cocks  are  illustrated  in  Figure  3  and  are  designated  by  Roman 
numerals. 


I  i  1  E  I  I  I 


Figure  3.  Positions  of  Stopcocks 


The  efficiency  of  the  temperature  compensation  can  best  be 
/checked  by  bringing  the  system  to  equilibrium  at  room  tem¬ 
perature,  and  then  with  stopcock  6  in  position  VII,  transfer¬ 
ring  the  whole  apparatus  to  a  cold  room  near  0°  C.  Any 
differences  in  volume  in  the  two  sides  will  be  shown  by  the 
butyl  phthalate  manometer.  These  initial  differences  can  be 
eliminated  by  softening  one  of  the  reaction  flasks  in  the  flame 
.and  altering  its  volume  slightly.  Since  these  volume  differ¬ 
ences  are  small,  it  is  also  possible  to  correct  foi  them  by  de¬ 
termining  the  volume  correction  factor  and  compensating 
for  this  with  the  burets  in  the  compensation  system.  Before 
each  determination,  especially  if  the  apparatus  has  been  out 
of  service  for  some  time,  it  is  advisable  to  test  for  leaks  by 
taking  a  volume  reading  and  then  allowing  the  apparatus  to 
stand  for  awhile  with  the  leveling  bulbs  either  raised  or  low¬ 
ered  to  provide  pressure  or  suction.  No  difficulty  has  been 
experienced  with  leaks  when  the  joints  and  stopcocks  are  well 
/lubricated. 


been  reduced  the  mercury  level  is  again  adjusted  with  stopcock 
8  in  position  III,  so  that  the  butyl  phthalate  manometer  shows 

no  pressure  difference.  ,. 

If  a  large  amount  of  catalyst  is  being  used  m  the  hydrogenation 
it  is  advisable  first  to  reduce  it  with  the  50-ml.  buret  connected 
and  finish  the  reduction  with  the  microburet,  since  the  micro- 
buret  gives  a  more  accurate  reading  with  small  volume  differences. 

If  necessary  the  microburet  can  be  refilled  from  either  of  the  50-ml. 
burets  at  this  stage.  However,  if  stopcock  6  is  turned  to  position 
V  it  is  again  necessary  to  adjust  the  left  mercury  leveling  bulb  to 
atmospheric  pressure  and  record  the  temperature  and  barometric 
pressure.  After  the  buret  reading  has  been  taken,  with  stopcock 
6  in  position  VII  and  8  in  position  I,  the  sample  is  introduced  by 
turning  the  ground  plug,  and  the  shaking  mechanism  is  started. 

The  course  of  the  hydrogenation  can  be  readily  followed 
by  momentarily  stopping  the  apparatus  and  taking  a  quick 
volume  reading.  The  reaction  time  varies  considerably  with 
the  type  of  compound  and  the  amount  and  activity  of  the 
catalyst  used.  The  reaction  is  considered  complete  when 
separate  buret  readings  agree  before  and  after  a  30-minute 
shaking  period.  For  the  final  reading  the  apparatus  is  al¬ 
lowed  to  stand  for  an  hour  untouched.  During  the  manipula¬ 
tions,  it  is  advisable  to  avoid  touching  the  burets  or  the  re¬ 
action  flasks. 

Substances  which  require  an  elevated  temperature  for  hy¬ 
drogenation  may  be  accommodated  by  clamping  a  small 
electric  heater  under  the  reaction  flask.  This  is  accomplished 
simply  with  the  aid  of  an  angle-iron  clamp  attached  to  the 
back  side  of  the  shaking  board.  As  this  is  only  infrequently 
used,  it  is  generally  removed  to  lower  the  inertia  of  the 
mechanism.  When  an  elevated  temperature  is  used  in  the 
reaction  it  is  necessary  to  allow  a  longer  time  for  tempera¬ 
ture  equalization  before  taking  the  final  reading. 

The  apparatus  may  be  purchased  from  the  National 
Technical  Laboratories,  820  Mission  St.,  South  Pasadena, 
Calif. 

Table  I  contains  data  on  substances  used  as  standards. 
Platinic  oxide  was  used  as  the  catalyst  and  purified  glacial 
acetic  acid  as  the  solvent. 


Operating  the  Apparatus 

The  flasks  are  carefully  cleaned  and  dried.  Both  flasks  are 
charged  with  catalyst  and  solvent,  and  the  platinum  sample  tube 
containing  the  weighed  substance  is  carefully  hung  on  the  hook 
The  flasks  are  clamped  in  place,  strong  rubber  bands  being  used 
to  hold  the  joints  tight. 

With  stopcock  8  at  I  and  6  at  III  (open  to  the  air)  the  mercury 
in  the  burets  is  run  up  to  7A  and  IB.  Care  must  be  exercised  to 
prevent  the  mercury  from  running  over  into  the  reaction  flasks 
.Stopcocks  7 A  and  IB  are  turned  through  45°  to  positions  I  and 
II,  respectively,  shutting  off  the  burets;  stopcock  6  is  turned  to 
position  V;  stopcocks  4 A  and  4 B  are  turned  to  IV  and  VI,  re¬ 
spectively;  and  the  system  is  evacuated.  The  vacuum  is  inter- 
rupted  by  turning  4JB  to  V,  purified  hydrogen  is  admitted  through 
1  and  the  mercury  is  lowered  in  the  burets,  filling  them  with 
hydrogen.  The  hydrogen  supply  is  then  shut  off  at  1,  the  system 
is  evacuated  by  turning  stopcock  4 B  to  VI,  and  the  mercury  is 
again  run  up  to  stopcocks  7 A  and  IB.  The  entire  evacuating 
and  flushing  procedure  is  repeated  four  times  to  remove  all  the 
air  and  fill  the  entire  system  with  pure  hydrogen.  The  connect¬ 
ing  links  2  A  and  2 B  are  then  removed.  While  the  apparatus  will 
function  with  them  in  place,  their  removal  obviates  the  danger 
•of  breakage  during  the  prolonged  shaking  to  follow. 

Stopcock  9 B  is  then  turned  to  II,  so  as  to  shut  off  the  right- 
hand  mercury  leveling  bulb,  and  the  left  mercury  leveling  bulb  is 
adjusted  so  that  the  gas  in  the  apparatus  is  at  atmospheric  pres¬ 
sure.  The  temperature  is  read  on  a  thermometer  hung  close  to 
the  apparatus,  and  the  barometric  pressure  is  noted.  Stopcock 
6  is  then  turned  to  VII,  8  is  turned  to  III  so  as  to  actuate  the 
manometer,  and  7  A  and  9A  are  turned  to  IV  to  connect  only  the 
microburet.  Similarly  7 B  is  turned  to  position  VI.  the  micro- 
■buret  is  read  and  shaking  started.  For  safety,  the  left  leveling 
bulb  is  kept  at  just  about  the  same  height  as  the  mercury  m  the 
buret,  and  manometer  stopcock  8  is  kept  closed  (position  1)  ex¬ 
cept  during  the  aetual  volume  reading.  It  is  important  that  no 
.air  be  admitted  to  the  system  through  stopcocks  4A,  4JS,  or  b, 
■while  a  determination  is  in  progress.  After  the  catalyst  has 


Table  I. 

Standards 

Hydro- 

Baro- 

Tem¬ 

pera- 

gen 

Ab- 

metric 

Pres- 

Double  Bonds 

Substance 

Sample 

lyst- 

sorbed 

sure 

ture 

Found  Theory 

Mm. 

Mg. 

Mg. 

Cc. 

Hg 

0  c. 

Maleic  acid 
Maleic  acid 
Maleic  acid 
Cinnamic  acid 

9.700 

12.538 

7.341 

11.737 

20 

12.9 

7.7 

12.3 

2.04 

2.67 

1.56 

7.87 

742 

745 

742 

742 

24 

22.5 

24 

22 

0.98  1.00 
1.00  1.00 
0.99  1.00 
4.00  4.00 

On  analysis  of  a  fully  saturated  compound,  shaking  at 
room  temperature  followed  by  prolonged  shaking  at  90  C. 
yielded  a  final  volume  reading  agreeing  within  0.01  ml.  with 
the  original  value,  establishing  the  reliability  of  the  apparatus 
when  used  at  higher  temperatures. 
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Bureau  of  Mines  Metallurgical  Laboratories 

R.  S.  DEAN,  U.  S.  Bureau  of  Mines,  Salt  Lake  City,  Utah 


THE  Bureau  of  Mines  new  Experiment  Station  building 
at  Salt  Lake  City,  Utah,  has  been  constructed  to  furnish 
adequate  office  space  for  the  administrative  work  of  the 
Metallurgical  Division  and  for  the  resident  groups  of  the 
Safety  and  Mining  Divisions;  small  laboratories  for  chemical, 
physical,  and  microscopic  experiments;  and  large  laboratories 
for  metallurigical  and  ore-dressing  experiments. 

It  was  not  possible  to  provide  all  this  in  a  single  building 
of  uniform  construction  throughout.  Accordingly,  the  build¬ 
ing  was  designed  in  two  units — a  three-story  unit  for  offices 
and  small  laboratories  and  a  single-story,  monitor-roof, 
shop-type  unit  for  the  large  laboratories. 

The  buildings  are  situated  near  the  center  of  a  4-acre  tract 
of  land  deeded  to  the  United  States  Government  by  the  Uni¬ 
versity  of  Utah,  extending  directly  east  of  the  university 
campus  and  adjacent  to  the  grounds  of  Fort  Douglas. 

Both  buildings  are  of  virtually  fireproof  construction,  the 
materials  used  being  steel,  concrete,  and  brick.  The  design 
is  as  simple  as  possible,  to  give  the  highest  degree  of  flexibility. 
All  pipe  lines  and  electrical  conduits  are  in  tunnels  and  shafts 
beneath  the  buildings,  where  they  are  readily  and  easily 
accessible  for  changes  and  additions.  There  are  both  under¬ 
ground  and  surface  connecting  passageways  between  the 
building  units.  In  the  underground  passageways  are  the 
steam,  water,  gas,  and  electrical  conduits.  Within  the  concrete 
floors  of  all  laboratories  is  a  2.5-inch  conduit  with  outlets  on 
30-inch  centers  for  electrical  service,  both  alternating  and 
direct  current.  There  is,  however,  a  15-foot  difference  in 
elevation  between  the  rear  of  the  one-story  laboratory  unit 
and  the  ground  floor  of  the  three-story  unit,  which  places 
the  front  of  the  single-story  unit  on  approximately  the 
second-floor  level  of  the  three-story  unit. 

Chemical  and  Assay  Laboratories.  There  are  three 


chemical  laboratories — a  control  laboratory  for  the  ore-dress¬ 
ing  work  adjacent  to  the  ore-dressing  laboratory  in  the  single¬ 
story  unit,  a  laboratory  for  more  precise  analytical  work,  and 
a  chemical  research  laboratory  in  the  three-story  unit.  The 
equipment  in  all  three  laboratories  is  of  similar  construction. 
Laboratory  furniture  is  steel  with  ball-bearing  drawers  in  the 
benches.  The  bench  tops  are  1.25-inch  Transite;  sinks  are 
Carsite.  Hoods  are  of  the  open-face  type  with  adjustable 
aprons  in  the  rear  to  determine  the  location  of  the  draft. 
Services  are  provided  on  all  benches  for  gas,  compressed  air, 
steam,  hot  and  cold  water,  110-  and  220-volt  alternating  and 
125-volt  direct  current.  The  water  and  air  lines  are  copper 
tubing,  gas  and  steam  lines  are  wrought  iron,  and  the  drains 
are  of  high-silicon  acid-resisting  iron.  The  services  are  car¬ 
ried  on  racks  mounted  on  the  wall  to  the  rear  of  the  benches, 
the  outlets  being  on  a  shelf  flush  with  the  bench  top.  The 
benches  may  therefore  be  rearranged  in  units  without  dis¬ 
turbing  the  services. 

The  fire-assay  laboratory  is  in  the  single-story  unit  and  is 
equipped  with  two  gas-fired  assay  furnaces  with  a  capacity 
of  20  crucibles  each.  Benches  are  provided  with  all  services 
for  parting,  bins  for  fluxes,  cupel  molds,  and  other  auxiliary 
equipment.  The  assay  balances  are  in  a  separate  room  and 
are  mounted  on  1-inch  lead  slabs  over  1-inch  sponge  rubber. 

Microscopic  and  X-Ray  Laboratories.  Microscopic 
laboratories  at  the  station  are  unusually  complete  and  include 
a  metallographic  laboratory  for  the  examination  of  the  struc¬ 
ture  of  metals  and  alloys.  This  laboratory  is  equipped  with 
the  latest-model  metallographic  microscope. 

A  separate  laboratory  is  devoted  to  the  microscopic  ex¬ 
amination  of  ores  and  minerals.  This  laboratory  has  several 
types  of  microscopes,  but  for  photographic  purposes  the  Leitz 
Panphot  is  used. 


Side  View  of  Laboratory  Building,  Showing  Two  Units 
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Upper.  Apparatus  for  Measuring  Vibration- 
Damping  Capacity.  Center.  Metallographic 
Microscope.  Lower.  High-Frequency  Induction 
Furnace  Installation 
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Arrangement  of  Services  and  Benches  in  Chemical  Research  Laboratory 


General  View  of  Chemical  Research  Laboratory 


The  x-ray  laboratory  has  the  usual  diffraction  apparatus 
with  metal  x-ray  tubes.  All  these  laboratories  have  their 
individual  darkrooms  for  the  development  of  films.  An 
additional  darkroom  takes  care  of  general  photographic 
work  and  the  reproduction  of  prints  for  the  illustration  of 
articles. 

Physical  Laboratory.  The  physical  laboratories  are 
equipped  to  measure  all  the  usual  physical  characteristics, 
such  as  electrical  conductivity,  coefficient  of  expansion,  and 
magnetic  properties. 

Special  attention,  however,  has  been  given  to  the  deter¬ 
mination  of  vibration-damping  capacity,  which  has  been 
found  particularly  interesting,  not  only  on  account  of  its 
many  engineering  applications  but  as  a  useful  property  in 
determining  structural  changes  in  alloys.  The  physical 
laboratory  also  has  much  equipment  for  the  generation  of 
high-frequency  sound,  since  it  has  been  found  possible  to 


bring  about  the  coagulation  of  smoke  and  fume  by  the  ap¬ 
plication  of  sound  waves  of  suitable  frequency. 

Single-Story  Unit.  Most  of  the  space  in  the  large  single¬ 
story  laboratory  is  devoted  to  machine-shop,  ore-dressing,  and 
pyrometallurgical  laboratory  work.  The  unusually  complete 
installation  of  high-frequency  induction  furnaces  may  be  of 
interest  to  chemists.  Three  separate  generating  units  for 
such  furnaces  are  available — a  small  3-kilovolt-ampere,  spark 
gap-type  unit,  which  is  used  for  small  melts  in  the  preliminary 
study  of  alloys;  a  35-kilovolt-ampere  unit,  also  of  the  spark 
gap-type,  which  is  capable  of  melting  charges  of  metal  up  to 
15  or  20  pounds;  and,  finally,  a  60-kilovolt-ampere,  2000- 
cycle,  motor  generator-driven  unit.  Furnaces  of  several 
sizes  ranging  from  30  to  150  pounds  in  capacity  may  be 
heated  by  this  motor  generator-driven  unit. 

Published  by  permission  of  the  Director  of  the  Bureau  of  Mines,  United 
States  Department  of  the  Interior. 
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Determination  of  Biochemical  Oxygen  Demand 
and  Dissolved  Oxygen  of  River  Mud 

Suspensions 

C.  C.  RUCHHOFT  and  W.  ALLAN  MOORE 
U.  S.  Public  Health  Service,  Stream  Pollution  Investigations  Station,  Cincinnati,  Ohio 


IN  STUDYING  pollution  contributed  by  organic  matter 
deposited  on  the  bottoms  of  flowing  streams,  it  is  fre¬ 
quently  necessary  to  determine  dissolved  oxygen  in  suspen¬ 
sions  of  river  muds.  Dissolved  oxygen  in  such  suspensions 
has  been  determined  in  the  past  by  either  the  short  or  Rideal- 
Stewart  modifications  of  the  Winkler  method.  Stephenson 
( 2 )  has  reported  recently  that  the  test  for  dissolved  oxygen 
absorbed  (B.  0.  D.  test)  is  unreliable  when  applied  to  turbid 
unfiltered  waters.  When  the  initial  dissolved  oxygen  content 
of  a  mud  suspension  is  calculated  from  the  dissolved  oxygen 
of  the  dilution  water  (the  mud  being  septic)  it  has  frequently 
been  observed  that  this  calculated  initial  value  is  higher  than 
that  found  by  these  analytical  procedures.  The  above  ap¬ 
parent  oxygen  loss  is  similar  to  the  immediate  loss  of  oxygen 
that  is  observed  when  septic  sewage,  effluent,  or  stream  water 
is  diluted  with  water  of  a  known  dissolved  oxygen  content. 
These  immediate  oxygen  losses  have  been  referred  to  as  the 
immediate  or  chemical  oxygen  demand  of  the  material  under 
observation. 

The  present  study  of  mud  suspensions  has  shown  that  this 
so-called  immediate  oxygen  demand  is  not  a  true  measure 
of  the  chemical  demand  but  is  largely  an  apparent  oxygen 
loss  due  to  the  failure  of  the  analytical  methods  employed. 
Improved  analytical  procedures  are  proposed  which  give  a 
better  approximation  of  the  true  dissolved  oxygen  content 
under  the  adverse  conditions  met  in  the  examination  of  mud 
suspensions.  The  time  required  under  aerobic  conditions  to 
eliminate  the  interfering  substances  has  been  investigated, 
the  effect  on  the  biochemical  oxygen  demand  of  keeping  the 
solids  in  suspension  throughout  the  incubation  period  has 
been  studied,  and  a  procedure  for  determining  the  true  bio¬ 
chemical  oxygen  demand  of  these  muds  is  outlined. 


Method  of  Study 

The  mud  samples  used  in  this  study,  which  were  septic  and 
viscous,  containing  from  38  to  68  per  cent  solids,  of  which  6.07 
to  10.1  per  cent  were  volatile  matter,  were  obtained  from  various 
points  on  the  Scioto  and  Ohio  Rivers.  One-quarter  strength 
Formula  C  (5)  dilution  water  previously  stored  for  5  days  at 
20°  C.  was  used  in  making  all  dilutions.  The  various  dilutions 
were  made  by  introducing  the  appropriate  amount  of  the  sample 
under  the  surface  of  the  dilution  water,  mixing  with  as  little 
agitation  as  possible,  and  siphoning  (with  continued  stirring) 
into  the  appropriate  bottles.  All  dissolved  oxygen  determina¬ 
tions  were  made  in  triplicate.  The  pH  determinations  were 


made  electrometricallv  employing  the  glass  electrode,  and  stand¬ 
ard  methods  (1)  were  'followed  in  all  other  determinations. 


Analytical  Data 

The  dissolved  oxygen  content  found  by  the  Rideal-Stewart 
modification  of  the  Winkler  method  in  a  series  of  suspensions 
of  one  sample  of  Scioto  River  mud  indicated  a  so-called  im¬ 
mediate  chemical  demand  of  about  1000  p.  p.  m.  This 
value  is  typical  of  mud  samples  from  this  portion  of  the  river. 

In  another  experiment  the  mud  was  suspended  in  dilution 
water  as  described  and  the  dissolved  oxygen  was  determined 
immediately  afterward  by  four  different  procedures.  The 
short  Winkler  and  alkaline  hypochlorite  methods  were  applied 
to  the  untreated  suspension  and  the  short  Winkler  method  was 
also  applied  to  centrifuged  and  flocculated  portions  of  the 
sample.  The  two  latter  modifications  were  carried  out  as 
follows: 

Four  centrifuge  bottles  were  completely  filled  with  suspensions, 
stoppered,  and  centrifuged  at  about  2000  r.  p.  m.  for  5  minutes, 
after  which  the  supernatant  was  siphoned  into  three  300-ml. 
dissolved  oxygen  bottles  and  the  short  Winkler  procedure  ap¬ 
plied  To  the  suspension  filling  a  1-liter  bottle  (capacity  of 
about  1150  ml.)  10  ml.  of  a  10  per  cent  alum  solution  were  added, 
followed  by  1  to  2  ml.  of  concentrated  ammonium  hydroxide, 
the  stopper  was  inserted,  and  the  contents  were  mixed  by  twirling 
for  about  a  minute.  After  allowing  the  “alum  floe  to  settle  for 
10  minutes,  the  clear  supernatant  was  siphoned  into  three  dis¬ 
solved  oxygen  bottles  and  the  short  Winkler  procedure  applied. 
In  removing  the  suspended  solids  by  either  centrifuging  or  by 
flocculation,  it  had  been  found  that  there  was  no  atmospheric 
oxygen  pickup  during  these  manipulations  even  at  oxygen  con¬ 
centrations  as  low  as  1.5  p.  p.  m.,  providing  the  usual  precautions 
were  taken. 

The  results  obtained  in  this  experiment  are  shown  in  Table 
I.  The  data  indicate  that  the  initial  dissolved  oxygen  re¬ 
sults  obtained  with  the  short  Winkler  method  were  from  8.47 
to  74.7  per  cent  lower  than  the  calculated  initial,  depending 
upon  the  dilution  examined.  With  the  alkaline  hypochlorite 
method  the  results  obtained  were  from  5.84  to  52.8  per  cent 
lower  than  the  calculated  initial.  When  the  suspended 
solids  were  removed  by  centrifuging,  the  initial  dissolved 
oxygen  results  were  only  from  1.26  to  15.7  per  cent  lower  than 
the  calculated  initial  for  the  different  dilutions.  Finally, 
with  the  flocculated  portion  the  initial  results  checked  with 
the  calculated  in  the  highest  dilution  and  were  only  from 
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Table  I.  Immediate  Dissolved  Oxygen  Data  on  Scioto  River  Mud  Suspensions 


Dilu¬ 
tion  of 
Mud 


1/250 

1/500 

1/1000 

1/2000 

1/4000 


- Dissolved  Oxygen - - - 

Calcu-  Alkaline  Centri-  Floccu¬ 


lated  Short  hypo-  fuged  lated  . - Immediate  Apparent- 


initial 

Winkler 

chlorite 

portion 

portion 

Oxygen  Depletion 

A 

B 

C 

D 

E 

A  -  B 

A  —  C 

A  -  D 

P.  p.  m. 

P.  p.  m 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  to. 

P.  p.  m. 

7.88 

1.99 

3.72 

6.64 

6.77 

5.89 

4.16 

1.24 

8.76 

6.29 

7.04 

8.06 

8.02 

2.47 

1.72 

0.70 

8.72 

6.57 

7.51 

7.99 

8.21 

2.15 

1.21 

0.73 

8.73 

7.65 

7.77 

8.30 

8.35 

1.08 

0.96 

0.43 

8.73 

7.99 

8.22 

8.62 

8.73 

0.74 

0.51 

0.11 

Immediate  Apparent  Oxygen  Depletion 


A  -  E 

.  X  100 
A 

.  X  100 
A 

-~r  -  X  100 
A 

-  X  100 
A 

P.  p.  TO. 

% 

% 

% 

% 

1.11 

74.7 

52.8 

15.7 

14.1 

0.74 

28.2 

19.6 

7.99 

8.44 

0.51 

24.6 

13.9 

8.37 

5.84 

0.38 

12.4 

11.0 

4.75 

4.35 

0.00 

8.47 

5.84 

1.26 

0.00 

Table  II.  Steps  in  Analytical  Procedures 

(Interference  with  dissolved  oxygen  determination  occurs  during  contact  of 
reagents  with  river  mud  suspensions) 


Complete 

Preliminary 

Alkalinization 
and  Final 

Method 

Procedure 

Acid  Treatment 

Acidification 

Rideal-Stewart 

1.02 

0.88 

0.14 

Azide  modification 

1.41 

1.14 

0.27 

Winkler 

0.93 

Alkalinization 

0.16 

Final 

Acidification 

0.77 

Short  Winkler 

0.70 

0.52“ 

0.79>> 

0.09i> 

0.89“ 

0.92<* 

.  .  . 

1 .03® 

“  0.5-minute  acid  contact  before  titration. 
f>  5-minute  period  of  alkalinization. 

*  2-minute  acid  contact  before  titration. 
d  5-minute  acid  contact  before  titration. 
e  10-minute  acid  contact  before  titration. 


4.35  to  14.1  per  cent  lower  than  the  calculated  in  the  other 
four  dilutions. 

As  the  mud  suspensions  were  in  contact  longer  in  the  centri¬ 
fuged  and  flocculated  portions  of  these  suspensions  than  in 
the  portions  treated  immediately  by  the  short  Winkler 
method,  lower  dissolved  oxygen  values  would  be  expected  in 
D  and  E  than  in  A.  if  the  losses  were  true  oxygen  demands. 
From  the  results  obtained  it  may  be  inferred  that  a  reaction 
occurs  between  the  suspension  and  some  or  all  of  the  reagents 
of  the  Winkler  or  Rideal-Stewart  procedures  during  the  time 
of  contact  between  the  two,  thus  resulting  in  lower  iodine 
titers.  When  the  suspended  matter  was  largely  removed  by 
centrifuging  or  flocculation,  the  larger  portion  of  the  inter¬ 
fering  materials  was  removed  and  the  dissolved  oxygen 
results  approached  the  calculated  initial  values.  The  ex¬ 
periment  indicated  that  the  immediate  oxygen  losses  ob¬ 
tained  by  the  ordinary  Winkler  procedure,  Rideal-Stewart, 
azide,  short,  or  alkaline  hypochlorite  modifications  are  due  to 
interference  with  the  analytical  procedures  and  are  not  true 
oxygen  demands. 

Another  series  of  experiments  was  performed  to  determine 
in  which  step  or  steps  of  the  analytical  procedures  the  inter¬ 
ference  occurred. 

For  these  experiments  a  dilution  of  mud 
was  prepared  in  4  liters  of  dilution  water. 

After  10  to  30  minutes  of  contact  with  the 
water,  the  suspended  solids  were  centri¬ 
fuged  out  and  resuspended  in  fresh  dilution 
water.  In  this  way  the  soluble  materials 
contained  in  the  original  mud  were  largely 
removed  and  the  effect  of  the  suspended 
solids  only  on  the  dissolved  oxygen  deter¬ 
mination  could  be  followed.  In  these  ex¬ 
periments  10-ml.  portions  of  this  suspen¬ 
sion  containing  101  mg.  of  suspended 
solids  were  added  to  300-ml.  dissolved 
oxygen  bottles  completely  filled  with 
portions  of  the  same  dilution  water  at 
the  point  in  the  procedure  being  studied. 

The  results  of  this  series  of  experi¬ 
ments  are  given  in  Table  II.  In  the  case 
of  the  Rideal-Stewart  modification  it  is 


seen  that  of  the  1.02  p.  p.  m.  loss  occurring  when  the  mud  was 
in  contact  with  the  dilution  water  during  the  whole  procedure, 
0.88  p.  p.  m.  occurred  during  the  acid-permanganate  treat¬ 
ment  and  0.14  p.  p.  m.  can  be  ascribed  to  the  alkalinization 
and  final  acidification  period.  With  the  azide  modification, 
the  greater  portion  of  the  loss  also  occurred  during  the  acid- 
azide  treatment.  When  the  regular  Winkler  procedure  is 
used  0.77  p.  p.  m.  of  the  total  loss  takes  place  during  the  final 
acidification  period  and  0.16  p.  p.  m.  during  the  alkalinization 
period.  Finally,  in  the  case  of  the  short  Winkler  method 
increasing  the  period  of  alkalinization  to  5  minutes  increased 
the  total  loss  only  0.09  p.  p.  m.  Approximately  50  per  cent 
of  the  loss  occurring  during  the  final  acidification  period  takes 
place  in  the  first  0.5  minute. 

A  comparative  study  of  various  methods  for  determining 
dissolved  oxygen  in  1/ 500  dilutions  of  river  mud  showed  that 
alkaline  hypochlorite  treatment  was  superior  to  hypochlorite 
treatment  in  an  acid  medium.  A  number  of  variations  of  the 
Theriault  and  McNamee  (4)  alkaline  hypochlorite  procedure 
were  tried,  using  various  contact  periods  for  the  chlorine. 
If  the  suspended  solids  were  removed  by  either  centrifuging 
or  flocculation  after  alkaline  hypochlorite  treatment,  a  higher 
dissolved  oxygen  content  was  obtained.  This  showed  that 
the  alkaline  hypochlorite  treatment  was  not  completely 
effective  in  oxidizing  interfering  substances. 

It  may  be  assumed  that  if  the  interference  was  caused  by 
sulfides,  these  could  be  removed  by  treatment  with  a  copper 
salt.  Treatment  with  varying  quantities  (2  to  10  ml.  per 
liter)  of  a  5  per  cent  copper  sulfate  solution  for  10  minutes 
before  continuing  with  the  Winkler  procedure  gave  dissolved 
oxygen  results  that  were  lower  than  those  obtained  following 
flocculation  with  alum.  A  number  of  coagulating  agents 
were  tried,  including  salts  of  iron,  nickel,  copper,  lead,  and 
titanium,  but  none  of  these  showed  any  advantage  over 
alum  in  regard  to  dissolved  oxygen  recovery,  and  experi¬ 
ments  on  their  use  were  not  continued. 

A  condensed  summary  of  the  results  obtained  in  this  com¬ 
parative  study  of  procedures  is  given  in  Table  III.  It  will 
be  noted  that  the  percentage  of  recovery  of  the  initial  cal- 


Table  III.  Summary  of  Results  of  Comparative  Study  of  Dissolved  Oxygen 

Procedures 


(On  1/500  dilutions  of  river  mud) 


Method 

No.  of 
Com¬ 
parative 
Observa¬ 
tions 

Initial 

Dissolved 

Dissolved 
Oxygen 
Found  by 

Percentage  of 
Calculated 
Initial 

Method 

Rating 

(in 

Oxygen 

Method 

Found  by 

Studied 

No. 

Triplicate) 

(Calculated) 

Studied 

Method 

Rideal-Stewart 

7 

4 

P.  p.  TO. 

8.39 

P.  p.  m. 

5.57 

66.39 

Short  Winkler 

6 

6 

8.65 

5.76 

66.59 

Alkaline  hypochlorite 

5 

5 

8.12 

6.95 

85.59 

Centrifuge 

4 

8 

8.30 

7.46 

89.87 

Alkaline  hypochlorite 

4-  alum  flocculation 

3 

4 

8.55 

8.00 

93.50 

Alum  flocculation 

2 

9 

8.29 

7.76 

93.60 

Iodine  +  alum  floccu¬ 
lation 

1 

4 

8.60 

8.13 

94.50 

Table  IV. 


Aeration 

Time 

Hours 

0 

0.5 

1 

2 

3 

5 


DECEMBER  15,  1940 

culated  dissolved  oxygen  ranged  from  66.39 
for  the  Rideal-Stewart  modification  to  94.50 
for  iodine  treatment  and  flocculation. 

This  last  method  consists  of  adding  a 
slight  excess  of  iodine  solution  to  a,  slightly 
acid  suspension  of  the  mud,  allowing  it  to 
react  for  3  to  4  minutes,  then  carefully  de¬ 
stroying  the  excess  with  a  dilute  solution 
of  sodium  sulfite.  The  regular  alum  floccu¬ 
lation  procedure  is  then  followed.  On  the 
basis  of  percentage  of  initial  dissolved 
oxygen  recovered,  the  methods  rate  in 
the  order  shown.  On  the  basis  of  ease  of 
manipulation  and  reliability,  the  plain  alum 
flocculation  or  centrifuging  procedures  are  to  be  preferred. 

Removal  of  Materials  Interfering  with  Dissolved 
Oxygen  Determination 

As  the  biochemical  oxygen  demand  is  dependent  upon  a 
final  oxygen  content  after  an  incubation  period,  the  time  in¬ 
tervals  required  to  destroy  or  oxidize  these  materials  in  an 
aerobic  mud  dilution  should  be  determined.  Several  experi¬ 
ments  with  this  purpose  in  view  were  performed.  Early  in 
this  study  it  was  noted  that  when  suspensions  of  mud  were 
acidified  small  amounts  of  hydrogen  sulfide  were  released. 
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Removal  of  Sulfides  and  Dissolved  Oxygen  Determination 
Interference 

(By  aeration  of  1/250  mud  dilution) 

-Sulfides - 


Standard 

iodine 

solution 

used 

Ml./ 100  ml. 

1.44 

0.80 

0.55 

0.35 

0.26 

0.15 


Sulfide 
P.  p.  m. 

5.23 

2.80 

2.00 

1.27 

0.94 

0.54 


Sulfide 

re¬ 

maining 

% 

100 

53.5 

38.2 

24.3 
18.0 

10.3 


— Dissolved 
Alum 
floccu- 

Oxygen— 

Inter- 

Winkler 

lation 

Inter- 

ference 

method 

method 

ference 

remaining 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

% 

3.13 

7.17 

4.03 

100 

6^32 

8^96 

2!  64 

65.5 

Table  V.  Oxygen  Depletions 

, - Oxygen  Depletions 


Observed  Initial 
D.  O.  — Observed 


Calculated 
Initial  D.  Q.— 
Observed  Final 


Incubation  Time 
Days 

Immediate  (apparent 
initial  depletion) 

1 

2 

3 

4 


Final  D.  O.  (A) 

D.  O. 

(B) 

Alum 

Alum 

floccula¬ 

floccula¬ 

Short 

tion 

Short 

tion 

Winkler 

method 

Winkler 

method 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

0.90 

0.06 

i  !io 

D58 

2.30 

1.64 

2.17 

2.72 

3.07 

2.76 

2.27 

3.17 

2.82 

3 ' 23 

3.72 

3^29 

The  sulfides  were  determined  by  siphoning  the  suspension  under 
examination  into  250-ml.  centrifuge  bottles  until  completely 
filled  adding  2  ml.  of  concentrated  sulfuric  acid,  stoppering,  and 
centrifuging  for  5  minutes.  Then  100-ml.  portions  of  super¬ 
natant  were  siphoned  off  and  titrated  immediately  with  a  stand¬ 
ard  0.025  N  iodine  solution.  Using  this  procedure  the  sulfides  in 
a  1/250  dilution  of  mud  under  aeration  for  5  hours  were  deter¬ 
mined  at  intervals. 


The  results  shown  in  Table  IV  indicate  that  sulfides  aie 
removed  rather  rapidly  under  these  conditions  and  that 
only  about  10  per  cent  remain  after  5  hours.  The  inter¬ 
ference  with  the  dissolved  oxygen  determination  by  the  alum 
flocculation  method  was  also  determined  on  the  same  sample 
initially  and  after  1  hour  of  aeration,  and  65.5  per  cent  of  the 
initial  interference  was  observed  after  1  hour.  This  and 
other  experiments  indicated  that  the  insoluble  sulfides  m 
the  mud  were  not  the  only  materials  interfering  with  the  dis- 
solved  oxygen  determination.  In  another  experiment  in 
which  the  removal  of  the  interference  with  the  dissolved 
oxygen  determination  only  was  followed  it  was  found  that 
42.7  per  cent  of  the  initial  interference  remained  after  5 
hours  of  aeration.  In  an  experiment  in  which  the  sample  was 
aerated  for  48  hours,  14.5  per  cent  of  the  initial  interference 
remained  after  24  hours  and  10.9  per  cent  after  48  hours. 
The  indications  are  that  the  other  interfering  materials  are 
removed  at  a  lower  rate  than  the  sulfides  by  aeration  and 
that  precautions  must  be  taken  in  determining  the  final  dis¬ 
solved  oxygen  concentration  of  mud  dilutions  even  after 
several  days’  incubation. 


Determination  of  Biochemical  Oxygen  Demand 
on  River  Muds 

The  difficulties  encountered  in  determining  biochemical 
oxygen  demands  of  river  muds  may  be  illustrated  by  the 
oxygen  depletions  calculated  from  the  dissolved  oxygen  data 
obtained  in  an  experiment  with  a  1/2000  dilution.  The  de¬ 
pletions  obtained  are  shown  in  Table  V. 

The  ordinary  method  of  determining  oxygen  depletions 
as  illustrated  in  A,  using  the  short  Winkler  method,  gives 
fallacious  results  on  mud  dilutions  for  two  reasons.  First, 
the  0.90  p.  p.  m.  apparent  immediate  depletion,  which  is 
largely  an  interference  and  not  a  depletion,  is  not  included  by 


the  method.  Secondly,  the  final  dissolved  oxygen  observa¬ 
tions  after  incubation  may  also  be  low,  owing  to  interference. 
Consequently,  the  ordinary  procedure  for  determining  de¬ 
pletions  gives  results  which  are  too  low. 

With  the  short  Winkler  procedure,  because  of  the  unreli¬ 
ability  of  the  dissolved  oxygen  results  following  incubation, 
the  depletion  obtained  from  the  calculated  initial  dissolved 
oxygen,  shown  in  B ,  will  be  too  large  for  the  first  few  days  dur- 
ing  the  incubation  period.  Consequently,  this  procedure  is 
also  unreliable  and  cannot  be  recommended.  With  the  alum 
flocculation  procedure  there  was  little  interference  in  the 
initial  dissolved  oxygen  determination  as  indicated  by  the 
very  small  apparent  initial  depletion,  0.06  p.  p.  m.,  in  this  case. 
Therefore,  the  results  obtained  following  the  alum  flocculation 
procedure  should  be  more  reliable  and  produce  closer  approxi¬ 
mations  to  the  true  oxygen  demand,  regardless  of  whether 
method  A  or  B  is  used  to  determine  the  depletions.  _  Whether 
that  portion  of  the  demand  represented  by  the  immediate 
oxygen  loss,  obtained  with  the  use  of  a  corrective  dissolved 
oxygen  procedure,  would  represent  a  true  chemical  or  bio- 
chemical  demand  is  an  unanswered  question.  But  in  any 
case  the  results  of  this  procedure  would  approximate  the  total 
demand  for  oxygen  of  the  mud  under  examination  and  that  is 
the  important  factor. 

Another  phase  that  should  be  considered  in  the  deter¬ 
mination  of  the  oxygen  demand  of  river  muds  is  the  effect 
produced  by  the  settling  out  of  the  suspended  particles  as 
occurs  in  the  use  of  the  regular  method  of  determining  B.  O.  . 
This  concentration  of  the  solids  in  the  bottom  of  the  bottles 
might  result  in  the  deoxygenation  of  the  water  immediately 
surrounding  the  mud  particles.  This  would  change  the  proc¬ 
ess  taking  place  from  one  of  complete  aerobic  dissimilation  to 
one  in  which  anaerobic  dissimilation  took  place  in  the  bottom 
of  the  bottle  and  aerobic  dissimilation  only  in  the  layer  above 

the  mud.  .  ,  . 

With  this  fact  in  mind,  an  experiment  was  carried  out  in 

which  the  mud  particles  were  kept  in  suspension  by  a  con¬ 
tinuous  rotation  of  the  bottles  in  a  specially  constructed  ap¬ 
paratus  kept  in  the  20°  C.  incubator  and  rotating  about  1 
r.  p.  m.  A  duplicate  set  of  samples  was  also  placed  in  the 
same  incubator  and  allowed  to  stand  quiescently  during  the 
period  of  the  test. 
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Table  VI.  Comparison  of  Oxygen  Depletions 

(On  1/250  dilutions  of  river  mud  obtained  by  old  procedure  and  by  analysis  of 
clarified  portions  after  continuous  rotation  during  incubation) 

. - Oxygen  Depletions - . 

Old  Continuous  Rotation 


procedure,  during  Incubation 


Incubation  Period 

no 

clarifi¬ 

cation 

Centri¬ 

fuge 

Alum 

floccula¬ 

tion 

Hours 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

Immediate  (apparent 

initial  depletion) 

5 . 35 

1.88 

1.07 

3 

6.26 

5.22 

5.13 

4 

6.42 

5.97 

6.14 

5 

6.70 

7.01 

6.75 

6 

7.03 

7.64 

7.75 

7 

7.02 

8.33 

8.39 

Table  VII.  Comparison  of  Observed  and  Calculated 
Values  of  y  for  Dilutions  of  Scioto  River  Mud 
1/250  Dilution  at  20°  C.  1/2000  Dilution  at  20°  C. 


Incubation 

Ob¬ 

Calcu¬ 

Incubation 

Ob¬ 

Calcu¬ 

time 

served 

lated 

time 

served 

lated 

Hours 

1 

2 . 60“ 

2.06 

Days 

2 

3.50 

3.19 

2 

3.90" 

3.72 

3 

4.04 

4.23 

3 

5.13 

5.06 

4 

4.98 

5.01 

4 

6.14 

6.13 

5 

5.46 

5.61 

5 

6.75 

7.00 

6 

5.48 

6.05 

6 

7.75 

7.70 

7 

6.70 

6.39 

7 

8.39 

8.26 

8 

6. 52“ 

6.65 

9 

6.76 

6.84 

10 

7.02 

6.99 

11 

7.19 

7.10 

a  Interpolated  graphically. 


The  results  of  this  experiment,  as  given  in  Table  VI, 
show  how  misleading  the  values  might  be  if  the  oxygen  de¬ 
mand  was  determined  by  the  usual  method  alone.  From 
the  old  procedure  one  would  conclude  that  the  oxygen  demand 
of  the  mud  was  1750  p.  p.  m.  in  7  hours,  whereas  the  alum 
flocculation  method  together  with  continuous  rotation  shows 
an  oxygen  demand  of  2100  p.  p.  m.  in  the  same  period. 

It  is  recommended,  therefore,  that  the  following  steps  be 
observed  in  the  determination  of  B.  O.  D.  on  river  mud  sus¬ 
pensions:  (1)  calculation  of  the  initial  dissolved  oxygen; 
(2)  maintenance  of  the  solids  in  suspension  during  the  in¬ 
cubation  period;  and  (3)  determination  of  the  dissolved 
oxygen  upon  the  rotated  incubated  sample  after  clarification 
by  alum  flocculation. 

In  another  experiment  a  1/2000  dilution  of  river  mud  was 
rotated  and  depletions  were  determined  by  the  alum  floccula¬ 
tion  procedure,  but  the  period  of  observation  was  extended  to 
11  days.  Upon  the  assumption  that  this  oxidation  follows  a 
unimolecular  reaction,  the  Thomas  (6)  slope  method  of  deriva¬ 
tion  was  applied  to  the  data  of  the  last  two  experiments  and 
the  following  values  for  L  and  k  were  obtained: 


Dilution  Used  in  Period  of 
Experiment  Observation 


k 

(per  Day) 


L 


1/250  3  to  7  hours  2.25  2,650 

1/2000  2  to  11  days  0.1214  14,890 


When  the  values  of  these  constants  are  substituted  in  the 
equation  y  =  L  (1  — 10~*()>  and  the  values  of  y  for  each  ob¬ 
servation  time  are  calculated,  it  is  found,  as  shown  in  Table 
VII,  that  the  observed  and  calculated  values  of  y  check  on  the 
whole  remarkably  well.  From  these  results  it  must  be  con¬ 
cluded  that  there  is  a  change  in  the  rate  of  oxidation  of  the 
mud  from  the  first  few  hours  (as  the  reaction  velocity  is  inde¬ 
pendent  of  the  dilutions)  to  the  period  following  the  first 
day  of  incubation.  The  reaction  data  for  the  entire  period 
will  not  fit  the  unimolecular  formula.  The  course  of  the 
oxidation  can  be  fairly  well  represented,  however,  as  the 
sum  of  two  unimolecular  reactions  as  first  suggested  by 
Theriault  and  McNamee  (3).  In  fact,  the  similarity  of  these 
results  to  those  of  Theriault  and  McNamee  may  be  taken  as 


confirmation  of  the  results  these  authors  obtained  when  aerat¬ 
ing  sludge. 


Summary 

The  apparent  oxygen  loss  from  the  calculated  initial 
dissolved  oxygen,  obtained  when  a  dilution  of  mud  is  immedi¬ 
ately  examined  by  the  Winkler  method,  is  due  to  an  inter¬ 
ference  with  the  analytical  procedure. 

This  interference  occurs  largely  either  in  the  preliminary 
acid  treatment  with  the  Rideal-Stewart  or  azide  procedures, 
or  during  the  final  acidification  and  titration  in  the  short  or 
regular  Winker  methods. 

Aeration  of  the  diluted  mud  oxidizes  the  interfering  mate¬ 
rials,  though  10  per  cent  of  the  initial  interference  may  re¬ 
main  after  48  hours  of  this  treatment. 

Removal  of  the  solids  from  the  sample  reduced  the  inter¬ 
fering  materials  and  the  initial  apparent  dissolved  oxygen 
loss. 

Solids  may  be  removed  by  centrifuging  the  sample  in  com¬ 
pletely  filled  glass-stoppered  bottles  or  flocculating  with  alum 
without  interfering  with  the  dissolved  oxygen  content.  The 
alum  flocculation  procedure  gave  the  better  results  when  ap¬ 
plied  to  river  muds. 

The  B.  O.  D.  determined  by  the  regular  dilution  procedure 
as  applied  to  water  and  sewage  is  not  applicable  to  river  muds 
because  of  the  interference  noted. 

A  procedure  for  more  accurate  determination  of  the  bio¬ 
chemical  oxygen  demand  on  river  mud  dilutions  has  been 
proposed. 
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Correspondence — New  Development  in 
Thermionic  Relays 

In  the  article  on  “A  New  Development  in  Thermionic  Relays” 
by  Waddle  and  Saeman  [Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  225 
(1940)],  the  following  statement  is  made:  “If  there  is  danger  of 
grounding  the  circuit  through  the  control  leads,  Pi  or  P2,  another 
resistor,  Rt,  may  be  inserted  to  avoid  this  danger.” 

The  foregoing  is,  in  my  opinion,  a  dangerous  understatement  of 
facts.  It  leaves  the  installation  of  the  resistor,  Rt,  to  the  option 
of  the  user  of  the  device  and  fails  to  mention  that  this  resistor 
has  any  value  as  regards  personal  safety. 

Lee  Nutting 

2441  Rtjssell  St. 

Berkeley,  Calif. 


In  view  of  Mr.  Nutting’s  suggestions,  it  would  be  well  to  point 
out  the  fact  that,  in  the  absence  of  resistor  P4,  as  indicated  on  the 
circuit  diagram,  severe  shocks  may  be  received  by  the  operator 
if  he  happens  to  ground  the  control  circuit  through  his  body. 

Walter  Saeman 

Florence,  Ala. 


Colorimetric  Analysis  of  a  Two-Component 

Color  System 

HAROLD  W.  KNUDSON,  VILLIERS  W.  MELOCHE,  AND  CHANCEY  JUDAY 
University  of  Wisconsin,  Madison,  Wis. 


COLORIMETRY  is  assuming  an  ever-increasingly  im¬ 
portant  role  in  analytical  chemistry,  and  recent  im¬ 
provements  in  colorimeters  and  colorimetric  methods  have 
increased  both  the  accuracy  and  speed  of  analysis.  Photo¬ 
electric  instruments  (8)  designed  for  use  with  a  series  of  color 
filters  have  largely  replaced  the  visual  white  light  colorimeters 
in  present-day  practice.  Such  instruments  are  frequently  re¬ 
ferred  to  in  the  German  literature  as  step-photometers  or  ab¬ 
solute  colorimeters.  Ashley  (I)  has  chosen  to  call  the  prac¬ 
tice  with  such  instruments  “abridged  spectrophotometry”  and 
thereby  infers  the  name  “abridged  spectrophotometer”  for 
these  instruments.  It  is,  perhaps,  unfortunate  and  mislead¬ 
ing  that  many  of  the  instruments  are  referred  to  by  still  other 
names  (2)  or  simply  as  photoelectric  colorimeters  (6-9, 13, 14). 

The  purpose  of  this  paper  is  to  show  theoretically  and  ex¬ 
perimentally  how  photoelectric  filter  photometers  can  be  used 
to  resolve  the  intensity  of  one  color  in  the  presence  of  a  second 
color  which  may  be  present  in  the  solution  owing  to  an  inter¬ 
fering  ion  or  substance. 

The  treatment  presented  here  for  a  two-component  system 
can  be  extended  to  a  three-component  system  or  to  even  more 
complex  systems.  Except  in  unusual  cases,  however,  the 
resolution  of  these  multicomponent  systems  in  a  filter  photom¬ 
eter  cannot  be  performed  with  a  great  degree  of  accuracy. 
Weigert  (12),  using  the  nearly  monochromatic  radiation  avail¬ 
able  with  a  spectrophotometer,  reports  the  resolution  of  a 
four-component  color  system  of  dyes  by  a  method  involving 
the  solution  of  simultaneous  equations  in  which  the  extinc¬ 
tion  coefficients  of  each  color  occur. 

Theoretical 


centration.  The  slope  of  this  line  is  numerically  equal  to  the 
constant,  k,  in  the  above  equation. 

Unfortunately,  there  are  many  color  systems  in  which  the 
absorption  bands  of  the  components  are  not  sufficiently  dis¬ 
placed  from  each  other  so  that  spectral  separation  can  be  ef¬ 
fected.  These  systems  fall  into  the  second  group  and  require 
a  more  specialized  treatment  for  resolution.  Figure  1  repre¬ 
sents  the  absorption  characteristics  of  a  hypothetical  system. 

No  matter  where  one  selects  a  filter  for  component  1,  there  will 
be  some  interference  from  component  2;  however,  the  maximum 
in  each  curve  occurs  at  different  wave  lengths.  By  choosing  two 
filters,  A  and  B,  whose  maximum  transmissions  correspond  to 
these  same  wave  lengths,  a  maximum  differential  in  absorption  be¬ 
tween  the  two  components  should  be  possible.  If  Beer  s  law  is 
valid  for  both  components  and  if  each  behaves  independently  of 
the  other  in  solution,  the  following  theoretical  treatment  can  be 
applied  (1,  11).  Subscripts  1  and  2  refer  to  component  1  and 
component  2,  respectively.  Superscripts  A  and  B  refer  to  the 
respective  filters.  According  to  Beer’s  law, 

log  =  ^iCl 

and 

dt  =  ktCi  (1) 

where  di  is  the  partial  density  due  to  component  1.  Similarly, 
for  component  2, 

dt  =  ktC2  (2) 

Now  the  measured  density,  or  total  density,  DA,  at  wave  length 
A  is  the  sum  of  the  partial  densities.  Thus 

Da  =  dt  +  dt  —  ktCi  +  k2C2  (3) 


For  the  present  purpose,  it  will  be  convenient  to  classify 
all  two-component  color  systems  into  two  groups,  those  in 
which  spectral  separation  is  possible  and  those  in  which  spec¬ 
tral  separation  is  not  possible  in  a  filter  photometer.  The 
first  group  would  include  systems  where  the  absorption  bands 
of  the  two  colors  do  not  overlap  in  the  spectral  region  under 
examination,  while  the  second  group  would  include  those 
whose  absorption  bands  do  overlap  in  the 
spectral  region  under  examination. 


First,  let  us  consider  the  case  of  two  colors 
in  solution  where  there  is  no  overlapping  of  the 
absorption  bands  in  the  given  spectral  region.  II 
the  analyzing  light  of  a  photoelectric  photometer 
be  restricted  to  those  wave  lengths  where  only 
the  desired  colored  substance  absorbs  light,  the 
presence  of  the  interfering  color  will  not  influence 
the  analysis  and  the  system  will  behave  as  if 
only  a  single  color  were  present.  Then,  if  Beer  s 
law  holds, 


i  7° 

log  j  = 


kC 


where  70  is  the  intensity  of  light  passing  through 
the  pure  solvent  and  I  is  the  intensity  of  light 
passing  through  the  colored  solution  of  concen¬ 
tration  C.  The  constant,  k,  obtained  with  a 
given  filter  depends  only  on  the  nature  of  the 
absorbing  color  and  the  path  length  of  the  absorp¬ 
tion  cell.  A  straight-line  calibration  curve  is 

obtained  if  density,  log  j,  is  plotted  against  con- 


Similarly,  at  wave  length  B  we  have 


D1 


=  d\  +  dt  =  kiCi  +  ktC2 


(4) 


Solving  for  C2  in  Equation  3, 


C,  = 


D‘ 


-  ktCi 
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Figure  2.  Absorption  Characteristics 

1.  Absorption  curve  of  hematoxylin  dye  buffered  to  pH  of  4.5  in  concentration  used 
in  procedure 

2.  Absorption  of  aluminum  lake  in  concentration  of  0.5  p.  p.  m.  aluminum 

3.  Absorption  of  iron  lake  in  concentration  of  0.5  p.  p.  m.  iron 

A,  B.  Relative  transmission  characteristics  of  filters  540  and  660,  respectively 


and  substituting  this  in  Equation  4,  we  get 

ktPB  -  kjPA 
1  kfkf  -  kfkt 

By  making  calibration  curves  for  each  of  the  pure  components 
for  each  filter,  one  can  obtain  the  value  for  the  constants  in  Equa¬ 
tion  5  from  the  slopes  of  the  lines  as  outlined  above. 

This  makes  it  possible  to  solve  for  the  concentration  of  one 
or  the  other  component  in  an  unknown  mixture  of  the  two  by 
experimentally  measuring  the  densities  of  the  mixture  with 
two  appropriate  filters. 

Experimental 

The  object  of  this  research  was  to  develop  a  rapid  colori¬ 
metric  method  for  the  determination  of  small  amounts  of 
aluminum  in  Northern  Wisconsin  lake  waters.  The  prob¬ 
lem  was  complicated  by  the  fact  that  iron  interferes  rather 
seriously  with  all  the  colorimetric  reactions  investigated. 
Iron  was  present,  at  least  in  traces,  in  all  the  waters  consid¬ 
ered.  Moreover,  removal  of  the  iron  from  solution  was  im¬ 
practical  in  almost  every  case  because  neither  aluminum  nor 
iron  was  present  in  sufficient  concentration  to  effect  a  simple 
quantitative  separation. 

After  a  preliminary  investigation,  the  hematoxylin  method 
(4)  was  chosen  for  this  investigation.  This  dye  at  a  pH  of 
about  8.2  is  adsorbed  on  an  aluminum  hydroxide  precipitate  to 
form  a  violet-purple  lake.  On  acidifying  the  solution  to  a  pH 
of  about  4.5,  the  lake  is  stabilized  and  the  excess  dye  is 
changed  to  a  pale  yellow  color.  Starch  is  added  as  a  protec¬ 
tive  colloid.  Under  the  same  conditions  iron  forms  a  bluish 
lake.  Snell  and  Snell  (10)  report  that  iron  in  concentrations 
less  than  1  p.  p.  m.  does  not  interfere  with  the  aluminum  de¬ 
termination,  but  the  present  investigation  showed  that  iron  in 
concentrations  even  as  low  as  0.01  p.  p.  m.  can  be  detected  with 
a  photoelectric  photometer. 

A  spectrophotometric  investigation  revealed  that  the  ab¬ 
sorption  curves  for  the  two  colors  overlap  each  other  over 


most  of  the  spectrum,  but  that  the  maximum 
absorption  for  each  color  is  in  a  different 
region.  Figure  2  shows  the  approximate  ab¬ 
sorption  characteristics  of  the  two  colors  and 
the  excess  yellow  dye  which  also  remains  in 
solution  after  acidification.  These  curves  were 
plotted  from  data  obtained  with  an  Evelyn 
photoelectric  colorimeter  using  filters  covering 
eight  different  regions  of  the  visible  spectrum. 
These  data  were  checked  further  using  a  special 
thermopile-type  spectrophotometer  (5) . 

Whereas  the  aluminum  and  iron  colors  cannot 
be  spectrally  separated,  the  alternative  method 
of  differential  spectral  separation  suggested 
itself.  The  filters  with  maximum  transmission 
at  about  5400  A.  for  the  aluminum  color  and 
6600  A.  for  the  iron  color  were  chosen  for  this 
study.  Transmission  of  fight  of  wave  lengths 
shorter  than  5000  A.  is  to  be  avoided  because  it 
will  cause  an  error  due  to  the  excess  dye  which 
absorbs  at  these  short  wave  lengths. 

Reagents.  Acetic  acid,  35  per  cent.  Dilute 
glacial  acetic  acid,  95  per  cent,  with  distilled 
water. 

Ammonium  carbonate.  Dissolve  50  grams 
of  ammonium  carbonate  monohydrate  in  200  ml. 
of  water.  Store  in  a  glass-stoppered  bottle  in  a 
cool  place.  Make  up  fresh  every  3  days. 

Hematoxylin  solution.  Dissolve  0.1  gram  of 
c.  p.  hematoxylin  in  about  100  ml.  of  boiling  water, 
cool,  and  dilute  to  exactly  200  ml. 

Starch  solution.  Mix  2  grams  of  soluble  starch  into  a  paste 
and  dissolve  in  100  ml.  of  boiling  water. 

Calibration.  The  Evelyn  photoelectric  colorimeter  and 
Evelyn  filters  Nos.  540  and  660,  described  above,  were  used  in  the 
calibration  and  measurements. 

Pure  samples  of  iron  and  aluminum  were  prepared  in  concen¬ 
tration  intervals  of  0.05  p.  p.  m.  from  0  to  0.30  p.  p.  m.  Fifty- 
milliliter  samples  were  treated  as  follows :  Add  1  ml.  of  starch  solu¬ 
tion,  1  ml.  of  hematoxylin  solution,  and  mix.  Add  exactly  1 
ml.  of  the  ammonium  carbonate  solution  and  thoroughly  mix  the 
solution.  Alter  it  has  stood  10  minutes,  add  1  ml.  of  35  per  cent 
acetic  acid  to  produce  a  buffer  mixture  which  regulates  the  pH 
between  4.5  and  4.6.  Shake  to  remove  the  excess  of  carbon  di¬ 
oxide  formed.  Transfer  15  ml.  of  each  sample  to  an  absorption 
cell  and  read  in  the  colorimeter  immediately,  taking  a  series  of 
readings  with  each  filter.  Use  distilled  water  treated  in  the  same 
way  as  the  reference  standard  and  set  at  100  on  the  colorimeter 
scale. 

Figure  3  shows  the  density-concentration  curves  for  each 
component  with  each  filter.  The  straight  fine  obtained  in 
each  case  indicates  the  validity  of  Beer’s  law.  It  was  shown 
earlier  that 

kjPB  -  kzPA 

1  kikf  -  kfkt 

where  Cf  is  the  concentration  of  aluminum;  kt  and 
are  the  constants  in  Equations  1  and  4  for  pure  samples  of 
aluminum  using  filters  A  (No.  540)  and  B  (No.  660),  re¬ 
spectively;  ki  and  kB  are  the  constants  in  Equations  2  and  4 
for  pure  samples  of  iron  using  the  respective  filters;  and  DA 
and  DB  are  the  total  or  measured  densities  of  the  unknown 
mixtures  of  iron  and  aluminum,  using  the  two  filters.  The 
values  of  the  constants  are  obtained  from  the  slopes  of  the 
curves  in  Figure  3.  Thus, 

kt  =  1.895  kt  =  0.815 
k?  =  0.690  kt  =  1.100 

Substituting  these  values  in  the  above  expression  and  sim¬ 
plifying,  it  becomes 
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1.100  DA  -  0.815  DB 

Cl  ~  L5U  W 

Thus,  it  is  possible  to  solve  for  the  concentration  of  alu¬ 
minum  in  an  unknown  mixture  of  iron  and  aluminum  by  ex¬ 
perimentally  measuring  the  density  of  the  colored  solution 
using  two  different  filters  and  substituting  in  the  above  equa¬ 
tion. 

Procedure.  Concentrate  a  sample  of  lake  water  sufficiently 
to  give  a  50-ml.  sample  containing  at  least  0.05  p.  p.  m.  of  alu¬ 
minum.  Some  waters,  of  course,  will  not  need  to  be  concentrated. 
Treat  this  sample  as  outlined  under  calibration  and  measure  the 
density  of  the  colored  solution  using  filters  540  and  660.  Substi¬ 
tute  the  values  in  Equation  6  and  solve  for  the  aluminum  concen¬ 
trations. 

Results.  Table  I  shows  typical  results  on  eight  synthetic 
samples.  Whereas  the  error  in  sample  4  appears  to  be  rather 
high,  this  determination  cannot  be  taken  as  typical  of  the  re¬ 
sults.  The  average  error  for  the  remaining  seven  samples  is 
less  than  =*=5  per  cent. 


Table  I.  Typical  Results  on  Synthetic  Samples 


Galvanometer 

Readings 

Sample  No.  540  No.  660  DA 


Supplied  A1 

DB  Fe  A1  Found 


1  46.50 

2  54.00 

3  62.00 

4  42.00 

5  27.75 

6  24.50 

7  60.75 

8  48.00 


68.50  0.332 

65.50  0.267 

63.00  0.207 

49.75  0.377 

53.00  0.557 

57.50  0.611 

63.00  0.216 

56.75  0.319 


P.  p.  m. 

0.164  0.050 
0.184  0.100 
0.201  0.150 
0.303  0.150 
0.276  0.050 
0.240  0.000 
0.200  0.150 
0.246  0.150 


P.  p.  m.  P.  p.  m. 

0.150  0.153 
0.100  0.094 
0.050  0.044 
0.150  0.114 
0.250  0.258 
0.300  0.315 
0.050  0.049 
0.100  0.100 


Discussion 

One  of  the  serious  objections  to  colorimetric  analysis  in  the 
past  has  been  the  difficulty  of  reading  the  intensity  of  the  color— 
i.  e.,  determining  the  amount  of  light  absorption  due  to  a 
given  component.  A  second  serious  objection  has  been  the 
difficulty  of  dealing  with  systems  of  more  than  one  color— 
i.  e.,  systems  in  which  an  interfering  color  may  occur. 

The  first  objection  has  been  almost  entirely  eliminated  by 
the  introduction  of  photoelectric  devices  for  measuring  light 
absorption.  The  second  objection  is  met,  at  least  in  part,  in 


this  presentation.  Although  the  discussion  has  been  limited 
to  a  two-component  color  system,  the  theory  can  be  extended 
to  any  reasonable  number  of  components.  With  the  recent 
introduction  of  a  relatively  cheap  photoelectric  diffraction 
grating  spectrophotometer  (3)  into  the  field  of  colorimetry,  it 
is  not  safe  to  predict  the  practical  experimental  limit  of  the 
number  of  color  components  which  can  be  treated  in  this  way. 

The  procedure  for  the  development  of  the  aluminum  lake  as 
outlined  here  under  calibration  differs  somewhat  from  the  one 
recommended  by  Snell  and  Snell  (10).  The  principal  differ¬ 
ence  is  in  the  concentration  of  the  reagents  used.  Instead  of 
using  1  ml.  of  0.1  per  cent  hematoxylin  solution,  the  authors 
recommend  1  ml.  of  0.05  per  cent  reagent,  since  in  low  con¬ 
centrations  of  aluminum  a  large  excess  of  dye  remains.  This 
is  to  be  avoided  because  as  the  concentration  of  the  dye  is  in¬ 
creased,  the  absorption  of  light  is  extended  to  the  longer  wave 
lengths.  This  causes  an  unpredictable  error  in  the  measure¬ 
ment  of  the  density  with  filter  540. 

Snell  recommends  the  addition  of  1  ml.  of  a  saturated  solu- 
tion  of  ammonium  carbonate  to  develop  the  lake.  This  pro¬ 
cedure  was  found  very  unsatisfactory,  because  the  stated 
amount  of  acetic  acid  would  not  reduce  the  pH  to  4.5.  More¬ 
over,  the  solubility  of  this  salt  changes  rapidly  with  tempera¬ 
ture  and,  therefore,  a  saturated  solution  does  not  have  a 
definite  composition  unless  the  temperature  is  stated.  The 
authors  recommend  the  use  of  a  20  per  cent  by  weight  solution 
of  ammonium  carbonate  to  be  stored  in  a  glass-stoppered 
bottle  in  a  cool  place  to  avoid  as  much  decomposition  as  pos¬ 
sible.  This  was  found  entirely  satisfactory  when  the  solu¬ 
tion  was  made  up  fresh  every  2  or  3  days.  Using  1  ml.  of  this 
carbonate  solution  to  develop  the  aluminum  lake,  1  ml.  of  35 
per  cent  acetic  acid  was  just  sufficient  to  reduce  the  pH  to  4.5 
to  4.6  as  determined  with  a  glass  electrode. 

The  method  as  outlined  is  intended  for  only  small  concen¬ 
trations  of  aluminum  in  the  presence  of  small  amounts  of  iron. 
The  total  concentration  of  both  together  should  not  exceed 
0  30  p.  p.  m.  for  the  calibration  given.  If  the  iron  concentra¬ 
tion  is  higher  than  this,  a  sodium  hydroxide  digestion  and 
precipitation  as  recommended  by  Snell  and  Snell  (10)  may  be 
found  satisfactory.  If  the  total  aluminum  in  unfiltered  lake 
water  is  desired,  a  preliminary  acid  digestion  is  necessary  to 
make  the  suspended  aluminum  available  colorimetrically. 

This  method  is  not  satisfactory  for  use  with  highly  colored 
waters  containing  large  amounts  of  organic  materials  unless 
some  preliminary  treatment  is  employed  to 
destroy  the  color  and  organic  materials. 


Figure  3.  Density-Concentration  Curves 


Summary 

One  method  of  resolution  of  a  two-component 
color  system  using  a  photoelectric  filter  photom¬ 
eter  depends  on  the  ability  to  isolate  part  of 
the  absorption  band  of  the  desired  component 
by  means  of  a  suitable  filter.  The  other 
method  depends  on  the  differential  separation 
of  the  absorption  bands  by  means  of  two  ap¬ 
propriately  selected  filters.  The  details  for 
calculating  the  concentration  of  one  desired 
component  in  unknown  mixtures  with  second 
component  are  given. 

Experimental  evidence  in  support  of  these 
theoretical  conclusions  is  offered  in  the  case  of 
the  aluminum-iron-hematoxylin  system.  A 
calibration  is  given  for  this  system,  together 
with  a  table  of  experimental  results  on  synthetic 
samples. 

Some  change  in  the  concentration  of  reagents 
used  in  the  hematoxylin  method  is  recom¬ 
mended. 

This  method  is  offered  for  determining  small 
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amounts  of  aluminum  in  natural  waters  in  which  only  small 
amounts  of  iron  occur. 

The  recent  development  of  photoelectric  grating  spectrom¬ 
eters  may  be  expected  to  extend  the  application  of  the  prin¬ 
ciple  herein  described. 
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IN  THE  usual  proximate  analysis  applied  to  coal  and  coke, 
the  determination  of  sulfur  is  required.  That  it  is  the 
most  time-consuming  and  from  this  standpoint  the  most 
bothersome  detail,  especially  when  reports  are  to  be  rendered 
quickly  and  accurately,  is  well  known.  The  interest  in  more 
rapid  procedures  is,  to  a  great  degree,  indicated  by  the  ex¬ 
tensive  publication  in  the  past,  together  with  current  contri¬ 
butions  on  the  estimation  of  the  sulfate  ion.  In  practically 
every  instance  the  time  element  is  stressed  in  conjunction  with 
accuracy,  and  endeavors  are  made  to  substitute  a  volumetric 
procedure  in  place  of  the  lengthy  gravimetric  determination 
of  barium  sulfate. 

While  in  many  cases  involving  the  evaluation  of  coal  or 
coke  only  an  approximation  of  this  constituent  is  needed,  in 
others  a  rather  high  degree  of  precision  is  essential.  Commer¬ 
cial  laboratories,  receiving  samples  from  a  variety  of  sources, 
and  industrial  or  control  laboratories  with  exacting  demands, 
find  it  necessary  to  incorporate  in  their  routine  only  those 
procedures  or  methods  that  will  be  capable  of  giving  results 
within  the  accepted  tolerances.  When  reports  are  often  ex¬ 
pected  to  be  completed  within  3  or  4  hours,  it  is  difficult  if  not 
impossible  to  combine  this  rapidity  with  the  requisite  accu¬ 
racy.  Dealing  with  the  problem  from  this  viewpoint,  the  pro¬ 
cedures  suggested  which  shorten  the  time  interval  materially, 
without  affecting  the  precision  to  an  extent  greater  than  the 
permissible  variations,  should  be  of  interest  to  the  analyst  con¬ 
cerned. 

The  three  methods  for  determining  sulfur  in  coal  and  coke 
now  accepted  as  standard  by  the  A.  S.  T.  M.  are  the  Eschka, 
peroxide  fusion,  and  bomb  washing  (I).  Much  time  and  pre¬ 
caution  are  necessary  to  ensure  results  within  the  limits  of 
allowable  error,  particularly  if  due  regard  is  paid  to  the  im¬ 
portant  steps  in  the  precipitation,  settling,  and  filtration  of  the 
barium  sulfate,  where  most  of  the  larger  errors  are  apt  to  occur. 
The  use  of  a  volumetric  procedure  to  estimate  the  sulfate  would 
eliminate  a  great  many  of  the  difficulties  surrounding  this 
phase  of  the  test,  and  would  be  of  material  advantage  in 
formulating  a  faster  and  equally  exact  method  of  estimation. 
In  adapting  such  a  procedure,  using  an  internal  indicator, 
the  means  used  to  decompose  or  oxidize  the  coal  or  coke  be¬ 
comes  an  essential  feature  of  the  test.  When  the  titration 
depends  on  the  velocity  of  the  reaction  between  the  sulfate 
ion  and  barium  chloride,  the  inclusion  of  certain  salts  or  their 


degree  of  concentration  in  the  solution  of  sulfate  will  prove 
troublesome.  Under  certain  conditions,  the  reaction  may  be 
inhibited  to  the  point  of  making  the  titration  impractical,  if 
not  impossible. 

Of  the  three  standard  procedures,  the  peroxide  fusion 
method  offers  the  quickest  means  of  oxidizing  the  coal  or 
coke  and  bringing  the  sulfate  into  solution  in  a  condition 
ready  for  precipitation.  Unfortunately,  it  contributes  to 
the  test  solution  an  excessive  amount  of  sodium  chloride,  and 
certain  interfering  ions. 

The  bomb  washing  method,  while  a  desirable  means  of 
bringing  the  sulfate  into  solution  comparatively  free  from 
interfering  substances,  would  be  prohibitive  to  many  labora¬ 
tories  from  an  equipment  standpoint,  aside  from  the  time  fac¬ 
tor  involved  in  manipulating  an  oxygen  bomb  or  bombs  when 
a  number  of  determinations  are  to  be  made.  For  tests  made 
in  conjunction  with  the  calorific  value,  its  use  is  probably 
warranted. 

This  would  leave  for  consideration  only  the  Eschka  pro¬ 
cedure  as  an  ordinary  means  of  decomposing  the  coal  or  coke. 
This  method,  while  favorable  to  bringing  the  sulfate  into 
solution  with  a  minimum  amount  of  interfering  salts,  has 
a  rather  lengthy  ignition  period.  It  was  found,  however, 
that  this  could  be  modified  considerably  without  affecting 
either  the  completeness  of  the  decomposition  or  the  effective¬ 
ness  of  the  volumetric  reactions. 

In  the  Eschka  procedure  for  oxidizing  the  coal  or  coke,  the 
time  of  ignition  is  given  as  2.5  hours,  when  using  a  gas  or 
electrically  heated  muffle.  While  no  doubt  there  is  a  certain 
safety  element  in  this,  it  is  restrictive.  In  the  modification 
presented,  the  ignition  period  can  be  shortened  to  approxi¬ 
mately  50  or  60  minutes.  This  being  possible,  it  does  not 
compare  unfavorably  with  the  time  needed  in  the  peroxide 
fusion  procedure  when  a  number  of  ignitions  are  to  be  made 
simultaneously.  That  the  reaction  is  complete  is  demon¬ 
strated  by  the  fact  that  in  some  three  thousand  tests  made 
in  this  manner,  the  authors  have  yet  to  find  visible  evidence 
of  undecomposed  coal  or  carbonaceous  material.  These 
tests  were  made  on  coals  ranging  in  rank  from  anthracite  to 
lignite  and  in  percentage  of  sulfur  from  0.40  to  15.00.  In 
Table  I  will  be  found  the  results  on  twelve  coals  run  by  this 
modified  Eschka  procedure,  compared  with  standard  Eschka 
and  peroxide  fusion  methods. 
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Modified  Eschka  Method 

A  0.5-gram  sample  of  the  coal  or  coke  prepared  through  a 
U.  S.  No.  60  sieve  is  thoroughly  mixed  with  3.0  grams  of  the  regu¬ 
lar  Eschka  mixture  and  0.1  gram  of  potassium  perchlorate  (with 
anthracite  and  coke  0.2  gram).  Shaking  in  an  ordinary,  glass- 
stoppered  weighing  bottle  50  mm.  high  is  a  satisfactory  way  of 
obtaining  the  intimate  mixing  necessary.  The  mixture  is  trans¬ 
ferred  to  a  crucible  of  about  15-cc.  capacity  (the  use  of  a  fire-clay 
annealing  cup  with  a  thin  layer  of  Eschka  mixture  on  the  bottom 
is  suggested  to  prevent  the  adhering  of  the  contents  to  the  sides 
and  bottom  after  ignition),  then  packed  or  settled  by  tapping, 
and  capped  with  about  0.5  gram  of  the  Eschka  mixture.  The 
crucible  is  placed  in  a  muffle  furnace  at  360°  to  370°  C.  and 
the  temperature  is  gradually  raised  to  530°  C.  in  approximately 
15  minutes,  then  to  760°  C.  in  10  minutes,  and  held  at  this  point 
for  25  minutes  (anthracite  and  coke  may  require  an  additional 
10  or  15  minutes).  If  puffing  or  “blow  outs”  occur,  they  are  likely 
to  be  due  to  the  size  consist  of  the  Eschka  mixture,  rather  than 
the  rate  of  heating.  Mixtures  specially  prepared  to  minimize 
this  difficulty  are  commercially  available  from  the  Burrell  Tech¬ 
nical  Supply  Company,  Pittsburgh,  Penna. 

After  cooling,  the  contents  of  the  crucible  are  transferred 
directly  to  an  11-cm.  filter  (Whatman  No.  1  type),  the  crucible  is 
rinsed,  and  the  contents  of  the  filter  are  washed  with  distilled 
water  at  almost  boiling  temperature  until  the  filtrate  amounts  to 
approximately  150  ml.  The  filtrate  is  made  slightly  acid  to 
methyl  orange  with  dilute  hydrochloric  acid  (1  to  5),  5  ml  of  satu¬ 
rated  bromine  water  are  added,  and  the  solution  is  boiled  until 
no  odor  of  bromine  is  apparent  and  the  volume  is  between  35  and 
50  ml.  It  is  cooled  to  20°  C.,  a  few  drops  of  phenolphthalein  indi¬ 
cator  solution  are  added,  and  it  is  brought  to  a  faint  pink  with 
dilute  ammonia  water  (1  to  10).  An  equal  volume  of  ethyl  al¬ 
cohol  or  specially  denatured  No.  30  is  added.  If  legal  restric¬ 
tions  make  the  use  of  these  inconvenient,  acetone  or  isopropyl 
alcohol  can  be  used  in  the  same  manner.  The  solution  is  now 
ready  for  the  volumetric  determination  of  the  sulfate. 

A  number  of  trials,  using  the  method  as  outlined  in  the 
standard  Eschka  procedure,  show  that  when  the  Eschka 
modification  is  used,  blank  corrections  are  unnecessary  if  the 
reagents  are  of  tested  purity,  free  from  or  very  low  in  sulfur. 
The  ignition,  solution,  filtration,  and  subsequent  treatment 
are  carried  through  and  a  definite  amount  of  the  standard 
ammonium  sulfate  is  added  and  determined  by  the  use  of 
either  sodium  rhodizonate  or  tetrahydroxyquinone  as  indi¬ 
cator.  This  particular  point  must  be  determined  in  each 
case.  Because  of  the  nature  of  the  test  procedure  and  the 
color  reaction,  certain  operators  will  find  a  small  but  signifi¬ 
cant  blank  correction  essential. 

For  the  titration  of  sulfate  the  use  of  either  sodium  rho¬ 
dizonate  or  tetrahydroxyquinone  as  internal  indicator  was 
found  possible.  Schroeder  (£),  in  a  comprehensive  survey  of 
the  methods  that  have  been  proposed  for  the  estimation  of 
sulfate,  specifically  dealt  with  the  titration  of  sulfate,  using 
both  sodium  rhodizonate  and  tetrahydroxyquinone.  He 
gave  preference  to  tetrahydroxyquinone,  in  that  it  could  be 
used  for  direct  titration  and  was  the  most  satisfactory  in 
solutions  more  dilute  than  0.1  or  0.2  A  in  respect  to  sulfate. 
The  latter  point  is  somewhat  at  variance  with  what  the 
authors  have  found  in  this  investigation,  for  in  working  with 
coals  containing  less  than  1  per  cent  sulfur,  the  normality  of 
the  test  solution  will  be  considerably  below  this  limit,  yet 
no  difficulties  were  experienced  with  determinations  in  this 
range,  using  sodium  rhodizonate,  the  end  points  being  as  dis¬ 
tinct  and  accurate  as  those  in  solutions  having  the  higher  sul¬ 
fate  concentrations.  The  two  indicators  were  found  to  give 
equally  good  results;  the  choice  will  rest  with  the  individual 
analyst’s  preference  for  the  color  changes  involved. 

Schroeder  (4),  Mutschin  and  Poliak  (S),  and  Kefeli  and 
Berliner  (4?)  have  described  the  color  reactions  when  using 
sodium  rhodizonate;  these  are  such  as  to  make  an  indirect 
titration  necessary.  The  change  is  from  a  red  in  the  presence 
of  an  excess  of  barium  salt  to  a  pronounced  canary  yellow 
with  excess  of  sulfate,  the  end  point  being  distinct  with  both 
natural  and  artificial  light.  This  latter  point  was  instru¬ 
mental  in  the  choice  of  this  indicator  for  routine  determina¬ 


tions.  As  the  reactions  involved  in  the  use  of  both  indicators 
are  nonreversible  in  the  ordinary  sense,  an  indirect  titration 
can  be  considered  an  advantage,  rather  than  a  handicap. 
An  approximation  of  the  amount  of  sulfate  present  is  obtained 
by  observing  the  precipitation  of  barium  sulfate,  when  an 
excess  of  barium  chloride  is  being  added.  W  hile  sodium  rho¬ 
dizonate  can  be  used  in  a  saturated  water  solution,  it  is  very7 
unstable  and  must  be  freshly  prepared  every  few  hours.  For 
convenience,  a  dry  dispersion  in  ammonium  chloride  is  used 
in  a  ratio  of  1  to  400,  prepared  by  grinding  in  a  mortar  0.1 
gram  of  the  salt  with  40  grams  of  ammonium  chloride  until 
an  intimate  mixture  is  obtained.  This  appears  to  be  very7 
stable;  some  has  been  stored  as  long  as  6  months  w7ith  no  ap¬ 
preciable  change  in  effectiveness.  Tetrahydroxyquinone  is 
marketed  ready  for  use  in  a  dispersed  form,  or  can  be  pre¬ 
pared  as  above  using  potassium  chloride. 

Indirect  Titration  Using  Sodium  Rhodizonate 

To  the  filtrate  from  the  Eschka  fusion,  prepared  as  described 
and  containing  approximately  50  per  cent  of  ethyl  alcohol,  a 
measured  amount  of  an  approximate  0.1  N  solution  of  barium 
chloride,  standardized  gravimetrically,  is  added,  sufficient  to 
precipitate  the  sulfate  with  an  excess  of  3  to  5  cc.  This  excess  can 
be  estimated  readily  with  a  little  practice.  After  allowing  a  min¬ 
ute  or  two  for  completing  the  reaction,  0.2  gram  of  the  sodium 
rhodizonate-ammonium  chloride  indicator  is  added  and  thor¬ 
oughly  mixed  by  swirling.  At  this  point  the  solution  should 
have  acquired  a  distinct  red  color,  indicating  an  excess  of  barium 
chloride ;  if  not,  a  measured  quantity  of  barium  chloride  should  be 
added,  as  well  as  more  indicator.  It  is  important  that  the  indi¬ 
cator  be  added  after  the  reaction  is  complete  and  an  excess  of 
barium  chloride  is  present. 

For  the  determination  of  the  excess  barium  chloride,  the  solu¬ 
tion  is  titrated  with  a  standard  solution  of  ammonium  sulfate 
(adjusted  to  the  barium  chloride  used  in  the  precipitation). 
The  back-titration  can  be  made  at  a  rate  of  about  one  drop  per 
second  with  constant  swirling,  until  there  is  a  slight  fading  of  the 
original  red  to  a  light  pink;  it  is  then  slowed  down  to  5  or  7 
drops  a  minute,  until  one  drop  produces  a  light  orange  tint. 
This  indicates  the  end  point,  and  the  titration  is  stopped  and  the 
solution  set  aside.  Within  a  minute  or  tw7o,  this  will  change  to  a 
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Table  I.  Determination  of  Sulfur 
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Titration 
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Peroxide 
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Gravi¬ 

with  sodium 

hydroxy¬ 
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Gravimetric 
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rhodizonate 

quinone 

Gravimetric 

% 

% 

% 

% 
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0.78 

0.79 

0.82 

0.76 

0.81 

0.94 

0.91 

0.92 

0.93 

0.93 

1.26 

1.28 

1.22 

1.15 

1 . 15 

1.38 

1.38 

1.36 

1.42 

1.42 

1.38 

1.40 

1.43 

1.46 

1.42 

1.40 

1.33 

1.38 

1.43 

1.41 

1.43 

1.48 

1.46 

1.51 

1 . 35 

1 .46 

1.42 

1.43 

1.48 

1 . 50 

1.80 

1.78 

1.71 

1.91 

1.78 

1.88 

1.82 

1.82 

1.96 

1.96 

3  30 

3.28 

3.18 

3.32 

3.27 

4.37 

4.46 

4.30 

4.34 

4.20 

1.01 

1.00 

1.04 

1.81 

1.72 

1.80 

6.36 

6.32 

6.42 

1.50 

1.52 

1.44 

2.08 

2.00 

1.92 

2.00 

1.78 

1.71 

•  • 

3.09 

3.00 

0.95 

1.00 

0.60 

0 . 56 

1.82 

1.76 

•  • 

3.36 

3.46 

0.79 

0.82 

1.15 

1.17 

0.80 

0.80 

3.32 

3 ’.46 

1.78 

1.82 

1.66 

1.66 

. . 

1.86 

1.88 

2.04 

2  03 

1.93 

2.06 

1.09 

1  .  14 

1.31 

1.30 

2.08 

2.16 

1.73 

,  . 

1.72 

0.92 

0.92 
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pronounced  canary  yellow;  if  this  does  not  occur,  one  more  drop 
is  usually  sufficient.  It  is  not  possible  to  titrate  directly  to  this 
yellow,  as  it  invariably  means  an  overrun  introducing  a  signifi¬ 
cant  error  on  the  low  side.  While  it  is  somewhat  difficult  to  de¬ 
scribe  this  end  point  exactly  in  terms  of  color,  it  becomes  very 
apparent  with  a  little  practice,  using  known  solutions.  WTiere 
the  color  changes  are  not  so  sharp  as  might  be  expected,  it  is 
advisable  to  add  from  0.2  to  0.5  gram  of  ammonium  chloride  salt. 


points  the  allowable  deviation  will  be  5.0  per 
cent  of  the  total  sulfur  present.  Examination 
of  these  data  indicates  that  the  points  with 
but  minor  exceptions  fall  well  within  the 
limits  allowable.  These  exceptions  can  hardly 
be  considered  serious  because  the  method  of 
plotting  assumes  absolute  accuracy  for  the 
gravimetric  determinations,  whereas  in  fact 
there  is  an  expected  deviation  within  the 
standard  limits  for  both  methods. 

Volumetric  Procedure  Using 
Peroxide  Fusion  Method 

The  sodium  peroxide  fusion  method  has 
the  advantage  of  speed  in  the  oxidation  of  the 
coal  substance;  however,  a  good  deal  of  the 
time  saved  is  subsequently  lost  by  a  necessary 
precipitation  and  filtration  and  a  slowing 
down  of  the  titration.  It  is  possible  to  use 
this  method  in  certain  types  of  testing,  if  ac¬ 
curacy  of  the  usual  order  is  not  necessary. 

A  0.5-gram  sample  of  the  coal  or  coke  is 
fused  in  the  usual  manner  with  about  12  grams 
of  sodium  peroxide,  and  the  fusion  product  is 
dissolved  in  water,  made  slightly  acid  with  hy¬ 
drochloric  acid,  and  boiled.  While  boiling, 
concentrated  ammonia  water  is  added  to  pre¬ 
cipitate  the  iron,  aluminum,  etc.,  which  inter¬ 
fere.  The  solution  is  filtered,  the  filtrate  is 
concentrated  to  a  volume  of  about  80  cc.,  and  a  few  drops  of 
phenolphthalein  indicator  solution  are  added.  It  is  made  just 
acid  with  dilute  hydrochloric  acid  (1  to  5),  and  then  brought  to  a 
faint  pink  with  dilute  ammonia  water  (1  to  10).  It  was  found 
advantageous  here  to  aliquot  the  solution  and  average  the  re¬ 
sults  of  two  titrations.  After  cooling,  an  equal  quantity  of 
ethyl  alcohol  is  added,  and  from  this  point  either  sodium  rho- 
dizonate  or  tetrahydroxyquinone  can  be  used. 


In  Table  I,  there  are  given  the  results  of  this  procedure 
when  compared  with  the  gravimetric  technique. 

Direct  Titration  Using  Tetrahydroxyquinone 

In  the  use  of  tetrahydroxyquinone  as  an  internal  indicator, 
the  procedure  is  very  similar,  except  that  the  titration  is 
completed  using  the  standard  barium  chloride  solution. 

To  the  solution  as  prepared  above  about  0.2  gram  of  tetrahy¬ 
droxyquinone  (as  obtained  from  W.  H.  &  L.  D.  Betz  Company, 
Philadelphia,  Penna.)  is  added  and  thoroughly  mixed.  The  solu¬ 
tion  should  acquire  a  distinct  yellow  color,  varying  in  some  de¬ 
gree  with  the  amount  of  sulfate  present.  The  standard  barium 
chloride  is  added  dropwise  fairly  rapidly  to  the  appearance  of  a 
brownish  tint;  this  signifies  the  approach  of  the  end  point.  The 
titration  is  slowed  down  and  each  drop  well  mixed  throughout, 
until  one  drop  produces  a  red  or  pink  color  throughout  the  solu¬ 
tion,  denoting  the  end  point.  When  using  solutions  low  in  sul¬ 
fate  (less  than  1.0  per  cent  sulfur  in  coal),  more  care  must  be 
exercised  for,  owing  to  a  rather  indistinct  color  change,  there  is 
a  tendency  to  overrun. 

Table  I  gives  the  results  using  this  method  compared  with 
the  gravimetric. 

For  both  the  sodium  rhodizonate  and  the  tetrahydroxy¬ 
quinone  determinations  in  Table  I,  the  samples  designated  by 
letter  were  run  under  special  conditions.  The  results  on  the 
numbered  samples  were  obtained  under  routine  procedure. 
Figure  1  is  a  graphical  representation  of  the  deviations  from  the 
gravimetric  procedure  of  a  number  of  typical  determinations 
from  Table  I,  in  the  range  of  sulfur  from  0.70  to  2.10  per  cent. 
The  broken  fines  indicate  the  tolerance  allowed.  While  the 
present  standards  state  that  agreement  must  be  within  0.05 
on  percentages  under  1.0  and  0.10  on  those  2.0  and  over,  under 
these  tolerances  it  is  reasonable  to  calculate  that  between  these 


The  relatively  large  amount  of  sodium  chloride  in  the  solu¬ 
tion  presents  some  difficulties,  not  only  slowing  the  reaction 
rate  between  barium  chloride  solution  and  sulfate  but  also 
exerting  a  bleaching  or  fading  effect  on  the  indicator.  The  ti¬ 
trating  solution  must  be  added  slowly  and  carefully,  allowing 
ample  time  for  completing  the  reaction.  If  this  procedure  is 
prolonged,  it  may  be  necessary  to  add  more  indicator  to  over¬ 
come  the  color-fading  action  of  the  chloride.  In  Table  II  are 
given  the  results  by  this  method,  compared  with  a  standard 
gravimetric  estimation.  These  results  are  probably  better 
than  would  be  obtained  under  routine  conditions. 


Determination  of  Sulfur 


Table  II. 


Sample 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Standard  Eschka 
Gravimetric 

% 

0.78 

1.38 

1.40 

1.42 

1.42 

1.46 

1.46 

1.87 

3.34 

4.34 


Peroxide  Fusion 
Titration  with  Tetra¬ 
hydroxyquinone 

% 

0.86 

1.44 

1.45 
1.38 

1.51 
1.40 

1.52 
1.96 
3.22 
4.16 
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Recovery  of  Furfural  from  Aqueous  Solutions 

FLOYD  TRIMBLE  AND  A.  P.  DUNLOP 
The  Quaker  Oats  Company,  Chicago,  Ill. 


IN  GENERAL  there  are  two  methods  for  separating  the 
components  of  a  solution;  distillation  and  extraction. 
The  former  method  as  described  by  Mains  (4)  has  found 
extensive  use  commercially  for  the  recovery  of  furfural  from 
aqueous  solutions.  To  the  authors’  knowledge  no  solvent 
extraction  method  has  ever  been  proposed  for  this  particular 
separation.  In  this  paper  an  extraction  procedure  is  de¬ 
scribed,  and  to  give  a  comparison  of  the  two  methods  the 
steam  requirement  for  each  has  been  calculated. 

Materials  and  Procedure 

The  furfural  was  prepared  by  fractionating  technical  furfural 
three  times  through  a  180-cm.  (6-foot)  Hempel  column  packed 
with  6-mm.  glass  Raschig  rings.  The  pressure  was  maintained  at 
15  mm.  of  mercury,  and  discards  of  15  per  cent  of  the  total 
volume  were  made  at  the  beginning  and  end  of  each  fractiona- 

The  ethyl  acetate  used  was  Baker’s  c.  p.  absolute. 

The  solubility  data  were  obtained  by  titration  in  the  following 
manner:  Solutions  of  known  concentration  of  two  of  the  com¬ 
ponents  were  prepared  and  then  titrated  slowly  with  the  third 
component  until  the  cloud  point  was  reached.  This  point  was 
assumed  to  be  the  saturation  point  of  the  system,  and  inasmuch 
as  comparatively  large  volumes  of  furfural,  ethyl  acetate,  and 
water  were  employed  a  rather  high  degree  of  accuracy  and  repro¬ 
ducibility  was  attained.  During  the  entire  procedure  the  tem¬ 


perature  was  maintained  at  25°  C.  in  a  constant-temperature 
bath. 

The  mutual  solubility  of  furfural  and  water  and  of  ethyl 
acetate  and  water  at  25°  C.  was  obtained  from  International 
Critical  Tables  (S).  „ 

Table  I  System  Furfural-Ethyl  Acetate-Water  at 

25°  C. 


Furfural 

Ethyl  Acetate 

Water 

% 

% 

% 

2.7 

5.8 

91.5 

5^8 

3.3 

90.9 

11.0 

85.2 

3.8 

19.8 

76.1 

4.1 

26.8 

69.0 

4.2 

37.6 

57.9 

4.5 

45.4 

49.9 

4.7 

51.3 

43.9 

4.8 

55.9 

39.2 

4.9 

56.2 

39.0 

4.8 

61.8 

33.3 

4.9 

68.5 

26.4 

5. 1 

77.1 

17.8 

5.1 

82.3 

12.6 

5 . 1 

88.0 

6.8 

5.2 

The  data  in  Table  I  are  presented  in  graphical  form  in 
Figure  1,  the  shaded  areas  denoting  the  region  of  complete 
miscibility  and  the  blank  region  indicating  compositions  of 
the  three  components  which  separate  into  two  liquid  phases. 


Figure  1.  Miscibility  Relationships  of  Furfural,  Ethyl  Acetate,  and  Water  at  25  C 
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To  illustrate  the  method  of  reading  Figure  1,  refer  to  point  X. 
This  point  represents  a  mixture  comprising  50.0  per  cent  water 
(scale  at  base  of  triangle),  17.5  per  cent  ethyl  acetate  (scale  at 
left  side  of  triangle),  and  32.5  per  cent  furfural  (scale  at  right 
side  of  triangle). 

The  focal  point,  F,  was  located  in  the  following  manner  after 
Figure  1  had  been  plotted:  Two  known  mixtures  of  furfural, 
ethyl  acetate,  and  water  (represented  by  points  X  and  Y  in 
Figure  1)  were  prepared  and  allowed  to  stand  at  25°  C.  until 
equilibrium  conditions  were  attained.  Each  mixture  formed  two 
layers  which  were  separated  and  analyzed  for  furfural  by  the 
Hughes-Acree  method  ( 2 ).  From  the  results  obtained,  points 
were  located  on  the  water  layer  and  solvent  layer  boundary  lines. 
Composition  X  separated  to  form  two  layers,  the  compositions 
of  which  are  represented  by  points  A  and  C.  Similarly  composi¬ 
tion  Y  formed  two  phases  of  compositions  B  and  D.  Lines  were 
then  drawn  through  points  DYB  and  CXA,  focus  F  being  es¬ 
tablished  at  the  point  of  intersection. 

Any  mixture  of  composition  lying  within  the  two-phase  area 
(blank  region  in  Figure  1)  on  a  line  extended  through  F  will 
separate  into  two  layers  represented  by  the  compositions  where 
this  line  intersects  the  boundary  curves.  Because  of  the  differ¬ 
ence  in  the  densities  of  the  two  layers,  however,  one  cannot  read 
directly  from  the  graph  the  per  cent  of  furfural  that  is  extracted 
from  a  given  aqueous  solution  of  the  latter.  This  can  be  deter¬ 
mined  experimentally  or  by  the  mathematical  method  described 
by  Evans  ( 1 ).  Application  of  the  Evans  method  shows  that  one 
extraction  of  a  7  per  cent  aqueous  solution  of  furfural  with  an 
equal  weight  of  pure  ethyl  acetate  removes  93.5  per  cent  of  the 
furfural  from  the  water  layer.  A  second  extraction  of  the  water 
layer  would  remove  over  90  per  cent  of  the  remaining  furfural. 

In  the  laboratory,  using  a  240-cm.  (8-foot)  extraction  col¬ 
umn  packed  with  6-mm.  porcelain  Raschig  rings,  a  7  per  cent 
aqueous  solution  of  furfural  was  extracted  countercurrently 
with  an  equal  weight  of  ethyl  acetate.  Analysis  of  the  solvent 
layer  indicated  that  99.9  per  cent  of  the  furfural  had  been  ex¬ 
tracted.  On  distillation  at  atmospheric  pressure  the  solvent 
layer  yielded  the  following  fractions: 

1.  Ethyl  acetate-water  constant-boiling  mixture  70°  C. 

2.  Ethyl  acetate  77°  C. 

3.  Furfural  160°  C. 

Under  the  above  conditions  the  final  furfural  is  obtained  in 
an  anhydrous  condition. 

Equipment  and  Steam  Requirements 

For  Extraction  Method.  The  equipment  necessary 
for  the  application  of  the  ethyl  acetate  extraction  method  for 
the  recovery  of  furfural  is  illustrated  in  Figure  2. 

In  operation  an  aqueous  solution  of  furfural  is  led  into  the  top 
of  the  extraction  tower,  A.  Simultaneously  ethyl  acetate  is  fed 
into  the  bottom  of  this  tower  and  flows  upward  against  the 
descending  stream  of  aqueous  furfural.  During  this  countercur¬ 
rent  separation  the  ethyl  acetate  extracts  the  furfural  from  the 
water  and  passes  out  the  top  of  tower  A  as  the  feed  to  fractionat¬ 
ing  column  B.  As  can  be  determined  from  the  foregoing  data,  this 
feed  is  composed  of  a  high  concentration  of  ethyl  acetate  with 
lesser  amounts  of  water  and  furfural.  The  first  two  components 
are  removed  in  column  B  as  overhead  distillate  which  is  collected 
in  reservoir  D  and  returned  to  tower  A  as  the  selective  solvent. 
The  bottoms  stream  from  column  B  is  the  desired  product,  an 
anhydrous  grade  of  furfural. 

The  extracted  water  layer  issuing  from  the  bottom  of  tower  A 
is  saturated  with  ethyl  acetate  which  must  be  recovered  in  an 
economical  process.  This  is  accomplished  by  fractional  distilla¬ 
tion  in  column  C,  the  overhead  distillate  being  the  constant¬ 
boiling  mixture  ethyl  acetate-water. 

For  the  purpose  of  comparing  the  steam  requirements  of 
the  extraction  and  distillation  methods  for  the  recovery  of 
furfural  the  following  conditions  were  fixed:  (1)  starting 
material,  7  per  cent  aqueous  furfural  solution;  (2)  recovery 
of  furfural  99.9  per  cent;  (3)  heat  losses  due  to  radiation,  etc., 
10  per  cent;  (4)  savings  by  heat  exchangers  omitted. 


We  shall  assume  that  equal  weights  of  feed  and  of  ethyl 
acetate  are  used  in  tower  A  (Figure  2).  The  heat  require¬ 
ments  in  column  B  were  calculated  to  be  3.4  kg.  of  steam 
per  kg.  of  anhydrous  furfural.  It  is  necessary,  however, 
to  add  to  this  the  heat  necessary  to  recover  the  ethyl  acetate 
in  column  C,  which  raises  the  total  steam  expenditure  to 
approximately  5  kg.  per  kg.  of  anhydrous  furfural. 

For  Steam  Distillation  Method.  The  equipment  nec¬ 
essary  for  this  process  has  been  described  by  Mains  U). 
However,  the  steam  requirement  in  the  authors’  case  differs 
from  that  of  Mains,  because  of  the  use  of  a  higher  feed  con¬ 
centration  and  a  different  reflux  ratio. 


(to  storage)  (to  sewer) 

Figure  2.  Flowsheet  of  Extraction  Plant 

In  the  present  process  it  is  necessary  to  raise  the  tempera¬ 
ture  of  the  feed  to  approximately  100°  C.  (212°  F.)  and,  in 
addition,  to  supply  enough  heat  to  evaporate  the  constant¬ 
boiling  mixture,  furfural-water.  Experience  has  shown  that 
this  distillation  can  be  carried  out  efficiently  using  a  reflux 
ratio  of  2  to  1.  Calculations  based  on  this  information  show 
that  6.25  kg.  of  steam  are  required  per  kg.  of  furfural  in  this 
step. 

In  order  to  obtain  the  furfural  in  an  anhydrous  condition 
a  dehydrating  column  is  required.  This  involves  an  additional 
0.2  kg.  steam  per  kg.  of  furfural.  The  total  requirement 
therefore  is  approximately  6.5  kg.  of  steam  per  kg.  of  anhy¬ 
drous  furfural. 

Discussion 

The  recovery  of  furfural  from  a  water  solution  using  ethyl 
acetate  as  the  extractant  compares  favorably  with  the  well- 
known  steam-distillation  method.  Other  solvents  include 
various  ethers  and  aromatic  hydrocarbons  which  can  be  em¬ 
ployed  in  this  extraction  process  with  results  similar  to  those 
obtained  writh  ethyl  acetate.  Perhaps  the  most  important 
factors  influencing  the  choice  of  solvent  are  selectivity,  sta¬ 
bility  and  recoverability,  cost  and  availability,  toxicity,  cor¬ 
rosive  action,  and  cost  of  operation. 
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Determination  of  Methionine  in  Certain  Mixtures1 

A  Precision  Method 

JOSEPH  J.  KOLB  AND  GERRIT  TOENNIES 
The  Lankenau  Hospital  Research  Institute,  Philadelphia,  Penna. 


THE  ready  oxidizability  by  hydrogen  peroxide  of  the 
amino  acid  methionine  to  the  sulfoxide  level  (4)  suggests 
the  possibility  of  analytical  utilization  of  this  reaction.  It 
has  been  shown  that  it  can  serve  for  the  determination  of 
methionine  in  crude  protein  hydrolyzates  but  that  the  accu¬ 
racy  is  impaired  by  the  presence  of  interfering  substances  (3). 
The  present  communication  has  as  its  object  the  determina¬ 
tion  of  suitable  conditions  for,  and  the  precision  attainable 
in,  the  application  of  peroxidimetry  to  the  assay  of  methionine 
preparations,  and  the  investigation  of  the  oxidizability  of 
other  amino  acids  under  comparable  conditions. 

Experimental 

Since  the  time  required  for  the  completion  of  the  methi¬ 
onine  oxidation  decreases  with  increasing  acid  concentration 
(3) ,  and  since  among  the  mineral  acids  perchloric  acid  appears 
to  be  the  one  least  likely  to  interfere  in  oxidations  and  reduc¬ 
tions  (4),  the  course  of  the  reaction  was  carefully  followed  in 
perchloric  acid  solutions  of  4  M,  2  M,  and  1  M  concentration. 
Table  I  shows  the  results  obtained.  The  conclusions  sug¬ 
gested  by  the  data  are:  the  freshly  prepared  solutions  of  hy¬ 
drogen  peroxide  in  aqueous  perchloric  acid  are,  apart  from 
possible  minor  adjustments  during  a  brief  initial  period,  stable 
within  the  limits  of  analytical  precision  for  12  to  24  hours; 
the  rate  of  the  detectable  decomposition  decreases  slightly 
with  increasing  concentrations  of  perchloric  acid;  the  rate  of 
the  reaction  of  methionine  with  hydrogen  peroxide  increases 
with  increasing  acid  concentration,  in  accordance  with  earlier 
findings  (S) ;  and  the  tendency  of  the  oxidation  to  exceed  the 
sulfoxide  level  (sulfone  formation?)  increases  likewise  with 
increasing  acid  concentration.  Thus  for  the  present  analyti¬ 
cal  purpose  the  last  factor  militates  against  the  use  of  a  high 
acid  concentration,  while  rapidity  of  reaction  and  stability  of 
peroxide  favor  it. 

Under  the  conditions  used  it  seems  that  averages  of  sev¬ 
eral  determinations  obtained  after  3  to  7  hours  in  1  M  per¬ 
chloric  acid,  1  to  3  hours  in  2  M  perchloric  acid,  or  0.5  to  2 
hours  in  4  M  perchloric  acid  may  be  expected  to  yield  rea¬ 


sonably  precise  values  for  the  peroxide  consumed  in  the  for¬ 
mation  of  sulfoxide  from  methionine.  The  reaction  follows 
substantially  a  bimolecular  course,  and  other  determinations 
have  shown  that,  in  harmony  with  the  bimolecular  reaction 
formula,  more  time  or  a  higher  peroxide-methionine  ratio  is 
required  for  completion  of  the  reaction  when  the  absolute 
concentrations  are  lower. 

The  data  of  Table  I  give  the  following  results  for  the  pur¬ 
ity  of  the  methionine  used:  from  the  average  of  the  figures 
obtained  in  4  M  perchloric  acid  between  25  and  120  minutes, 
99.62  =±=  0.12  per  cent,  and  from  that  of  the  2  M  perchloric 
acid  figures  between  50  and  180  minutes,  99.60  ±  0.03  per 
cent.  These  figures  were  checked  by  a  series  of  single  titra¬ 
tions  on  individually  weighed  samples,  as  follows : 

About  100  mg.  of  methionine  are  weighed  into  a  250-cc.  glass- 
stoppered  Erlenmeyer  flask.  After  addition  of  10  cc.  of  0.08  M 
hydrogen  peroxide  in  1  M  perchloric  acid  the  sample  is  dissolved 
by  gentle  swirling.  After  4  or  5  hours  20  cc.  of  a  solution  of  5  milli¬ 
moles  of  potassium  iodide  and  0. 1  millimole  of  ammonium  molyb¬ 
date  are  added  and  the  liberated  iodine  is  at  once  titrated  with 
thiosulfate.  A  control  identical  except  for  the  omission  of  methi¬ 
onine  is  treated  in  the  same  manner. 

The  following  results  were  obtained  on  the  same  specimen 
of  methionine  as  was  used  in  the  experiments  of  Table  I: 
99.49,  99.50,  and  99.36  per  cent;  average  99.45  ±  0.06  per 
cent.  Other  specimens  of  synthetic  methionine,  some  of 
which  were  the  result  of  an  attempted  purification  by  way  of 
the  insoluble  copper  salt,  gave  the  following  values:  98.39, 
98.45,  average  98.42;  98.31,  98.38,  98.52,  average  98.40  ± 
0.08;  99.60,  99.78,  average  99.69.  The  last-named  sample 
gave  by  titration  of  amino  groups  with  “aceteous”  perchloric 
acid  (2)  values  of  99.90  and  100.14  per  cent. 

In  order  to  consider  the  possible  interference  of  some  other 
amino  acids  4-cc.  samples  of  a  freshly  prepared  solution  approxi¬ 
mately  0.073  M  in  methionine,  0.090  M  in  hydrogen  peroxide, 
and  2  M  in  perchloric  acid  were  pipetted  into  flasks  containing  1 
millimole  of  another  amino  acid.  After  2  hours  the  solutions 
were  titrated  as  usual,  with  the  following  results,  expressed  as  per- 
centages  of  the  values  obtained  by  methionine  alone :  di-alanine, 
-0.10  per  cent;  dl-serine,  +0.01  percent;  dZ-threonine,  +0.09 
per  cent;  dZ-phenylalanine,  —0.02  per  cent;  Z-tyrosine,  —0.05 

percent;  Z-proline,  — O.lOpercent; 
Z-hydroxyproline,  +0.02  per  cent; 
Z-lysine  dihydrochloride,  +0.20 
per  cent;  Z-histidine  monohydro¬ 
chloride,  —  0.10  per  cent;  Z-arginine 
monohydrochloride,  +0.09  per 
cent;  Z-aspartic  acid,  —0.02  per 
cent;  Z-glutamic  acid,  —0.06 
percent;  Z-tryptophane,  +2.1  per 
cent;  Z-cystine,  +1.8  per  cent. 

Apparently  the  ordinary  amino 
acids,  except  to  a  small  extent 
tryptophane  and  cystine,  as  well 
as  cysteine  (3),  do  not  consume 
any  hydrogen  peroxide  under 
the  present  conditions.  This 
circumstance  should  recommend 
the  present  method  for  the  de¬ 
tection  of  methionine  present 
as  a  contaminant  in  prepara¬ 
tions  of  leucine  of  natural 
origin  (5). 


1  Methionine  Studies  V. 


Table  I.  Reaction  of  Methionine  and  Hydrogen  Peroxide  in  the  Presence  of 
Different  Concentrations  of  Perchloric  Acid 


Time 

- 4  M  1 

HbOi 

(blank) 

found 

3C10. - 

H2O2 

(+  Methionine) 
Con- 

Found  sumed 

Time 

2  M 

H2O2 

(blank) 

found 

HClOi - 

H2O2 

(+  Methionine) 
Con- 

Found  sumed 

Time 

1  M  HCIO4 - 

H2O2 

H2O2  (  +  Methionine) 

(blank)  Con¬ 

found  Found  sumed 

Min. 

mM./l. 

mM./l. 

mM./l. 

Min. 

mM./l. 

mM./l. 

mM./l. 

Min. 

mM./l. 

mM./l. 

mM./l. 

5 

83.05 

8.66 

74.39 

5 

12.95 

100 

84.04 

10.63 

73.41 

10 

(83.06)“ 

8.52 

74.54 

10 

83.65 

12.58 

71.07 

150 

83.65 

10.38 

73.27 

25 

(83.10)“ 

8.44 

74.66 

25 

83.59 

12.21 

71.38 

200 

83.74 

10.24 

73.50 

35 

(83.12)“ 

8.44 

74.68 

50 

83.63 

11.91 

71.72 

250 

83.61 

10.22 

73.39 

60 

83.16 

8.40 

74.76 

75 

83.59 

11.91 

71.68 

300 

83.67 

10.28 

73.39 

120 

83.20 

8.34 

74.86 

125 

83.59 

11.91 

71.68 

350 

83.69 

10.28 

73.40 

1100 

83.16 

7.18 

75.98 

180 

83.59 

11.91 

71.68 

400 

83.63 

10.28 

73.35 

2500 

83.02 

5.94 

77.08 

1200 

83.50 

11.45 

72.05 

450 

83.63 

10.28 

73 . 35 

5400 

81.89 

2600 

83.24 

10.76 

72.48 

1500 

83.52 

10.02 

73 . 50 

7200 

81.28 

5500 

82.63 

9.48 

73.15 

.  . 

8700 

81.16 

.  .  . 

7200 

81.70 

.  .  . 

75. 01i>  71.98!-  72* 


“  Interpolated  values. 

!>  Methionine  calculated  according  to  weight  used. 

*  Approximate  amount  of  methionine  (not  weighed  precisely). 
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The  applicability  of  the  present  method  to  various  other 
situations,  and  the  accuracy  possible,  will  have  to  be  ascer¬ 
tained  from  case  to  case.  Grace  Medes  of  this  institute  has 
successfully  adapted  the  method  to  the  determination  of  the 
fate  of  methionine  in  tissue  extracts;  no  difficulty  was  ex¬ 
perienced  in  determining  with  an  accuracy  of  0.5  per  cent 
amounts  of  the  order  of  0.25  millimole  of  methionine,  dis¬ 
solved  in  5  cc.  of  buffer  containing  about  25  mg.  of  liver  slices. 

Summary 

The  purity  of  methionine  can  be  determined  with  an  ac¬ 
curacy  of  =•=  0.1  per  cent  by  oxidation  with  hydrogen  peroxide 
under  specified  conditions.  The  principle  of  this  method  is 
applicable  to  the  determination  of  methionine  in  certain  other 
analytical  situations,  since  other  natural  amino  acids,  except 
tryptophane,  cysteine,  and  cystine  to  a  small  extent,  do  not 
seem  to  interfere.  Data  on  the  stability  of  hydrogen  peroxide 
in  1  to  4  molar  perchloric  acid  solutions  are  included. 

A  0.21  M  hydrogen  peroxide  solution  in  1.25  M  perchloric  acid 
was  prepared  from  Merck’s  Blue  Label  hydrogen  peroxide  which 
contains  no  preservative.  Ten-  or  20-cc.  portions  were  trans¬ 


ferred  to  25-  or  50-ce.  volumetric  flasks  and  the  acidity  was  ad¬ 
justed  with  perchloric  acid  so  that  the  final  acid  concentrations 
would  be  4.0,  2.0,  and  1.0  M,  respectively,  when  the  solutions 
were  diluted  to  the  mark  with  water.  In  similar  flasks  weighed 
amounts  of  synthetic  di-methionine  were  dissolved  in  water  and 
combined  with  hydrogen  peroxide  and  perchloric  acid  in  such  a 
manner  that  the  acid  concentration  and  the  initial  amount  of 
peroxide  were  identical  with  the  contents  of  the  corresponding 
blank  solutions.  The  molar  amount  of  methionine  was  10  to 
15  per  cent  less  than  that  of  the  peroxide.  At  intervals  3-  or  5- 
cc.  aliquots  of  the  completed  solutions  were  pipetted  into  an 
Erlenmeyer  flask,  20  cc.  of  a  solution  containing  5  millimoles  of 
potassium  iodide  and  0.1  millimole  of  ammonium  molybdate  were 
added  (S),  and  the  liberated  iodine  was  immediately  titrated  with 
0.025  N  thiosulfate  using  starch  indicator. 

The  thiosulfate  was  standardized  against  copper  (1).  Pipets 
and  flasks  used  in  the  experiments  with  4  M  and  2  M  perchloric 
acid  were  carefully  calibrated. 
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Determination  of  Organic  Sulfur 
in  Combustible  Gas 

F.  M.  ROGERS  AND  R.  F.  BALDASTE 
Standard  Oil  Company  (Ind.),  Whiting,  Ind. 


Purified  air  is  used  to  burn  the  gas  in  a 
special  burner,  the  sulfur  dioxide  resulting 
from  the  combustion  of  the  gas  is  absorbed 
in  sodium  hypobromite  solution,  and  the 
sulfate  in  this  solution  is  determined  tur- 
bidimetrically.  The  method  is  adapted  to 
the  determination  of  less  than  0.2  grain 
(12.96  mg.)  of  sulfur  per  100  cu.  feet  (283.2  X 
104  cc.)  of  gas. 

A  NUMBER  of  methods  for  the  determination  of  organic 
sulfur  in  gas  have  been  described  {1-4,  6),  but  none  is 
applicable  to  the  analysis  of  hydrocarbon  gas  containing  sul¬ 
fur  to  the  extent  of  0  to  0.2  grain  (12.96  mg.)  per  100  cu.  feet 
(283.2  X  104  cc.).  Lieber  and  Rosen  (3)  have  obtained 
excellent  results  by  their  method  on  gas  containing  as  little 
as  0.6  grain  of  sulfur  per  100  cu.  feet.  However,  this  labora¬ 
tory  has  found  that  the  time  involved  in  burning  a  sufficient 
quantity  of  gas  to  give  a  weighable  amount  of  barium  sul¬ 
fate  prohibits  the  use  of  this  method  for  routine  analyses 
when  quick  results  are  desired. 

The  method  developed  by  this  laboratory  has  filled  the 
demand  for  a  thoroughly  reliable,  relatively  rapid  routine 
analysis  of  combustible  gases  for  organic  sulfur.  It  is  to  some 
extent  a  modification  of  existing  methods  and  has  been 
adapted  to  the  determination  of  sulfur  of  the  order  of  0  to 
0.2  grain  per  100  cu.  feet. 

The  method  uses  purified  air  (7)  to  burn  the  gas  in  a  specially 
designed  burner.  The  sulfur  dioxide  resulting  from  the  com¬ 
bustion  of  the  sulfur  compounds  is  absorbed  in  sodium 
hypobromite  solution.  The  sulfate  in  this  solution  is  sub¬ 


sequently  determined  by  the  turbidimetric  method  {5)  ac¬ 
cording  to  a  modification  previously  described  (7). 

Analysis  is  made  on  gas  from  which  all  hydrogen  sulfide 
has  been  removed  by  a  suitable  scrubbing  procedure,  such  as 
passing  the  gas  several  times  through  a  20  per  cent  solution 
of  lead  acetate  containing  5  per  cent  acetic  acid  or  neutral 
cadmium  sulfate  solution. 

Purification  of  Air 

The  air  used  for  combustion  is  first  filtered  and  dried  by 
passing  it  through  a  tube  containing  a  section  of  activated  char¬ 
coal  and  then  a  section  of  soda  lime.  It  is  next  passed  through 
a  copper  spiral  made  from  copper  tubing  0.234  cm.  (3/32  inch) 
in  outside  diameter  with  0.117-cm.  (3/m  inch)  wall,  maintained 
at  a  temperature  of  540°  C.  (1000°  F.)  by  means  of  a  muffle 
furnace.  The  spiral  is  made  up  of  15  to  20  coils  approximately 
3.75  cm.  (1.5  inches)  in  diameter.  This  arrangement  permits 
very  good  heat  transfer,  and  can  be  used  at  this  temperature  for 
many  months  without  replacement.  Higher  furnace  tem¬ 
peratures,  however,  cause  the  copper  tubing  to  deteriorate  fairly 
rapidly.  It  is  important  to  subject  the  copper  tubing  to  a  pre¬ 
liminary  ignition  period  at  1000°  F.  while  a  stream  of  purified  air 
is  passed  through  it  to  remove  any  sulfur  compounds  in  the 
tubing. 

After  leaving  the  furnace,  the  copper  tubing  is  spiraled  and 
submerged  in  a  water  bath.  The  air  is  scrubbed  first  with 
2  per  cent  sodium  hydroxide-2  per  cent  bromine  solution  and  then 
with  5  per  cent  sodium  hydroxide  solution.  It  is  advisable  to 
select  for  this  purpose  gas  washing  bottles  which  do  not  produce 
a  fine  mist  of  sodium  hydroxide,  as  this  will  carry  through  to  the 
burner  and  produce  a  yellow  sodium  flame. 

From  the  gas  scrubbing  bottles  the  air  is  passed  into  a  pressure 
reservoir  from  which  a  number  of  air  take-offs  can  be  made.  This 
reservoir  permits  burning  the  gas  with  a  steady,  nonflickering 
flame.  One  of  the  take-offs  from  the  reservoir  leads  to  a  mani¬ 
fold,  from  which  in  turn  a  number  of  leads  can  be  taken.  These 
are  used  for  maintaining  a  sulfur-free  atmosphere  over  the 
evaporating  acidified  sodium  hypobromite  solutions. 

All  rubber  tubing  and  rubber  stoppers  used  must  first  be 
heated  for  some  time  in  strong  caustic  solution. 
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Gas  Burner  and  Absorber 


Although  gas  burners  of  the  general  type  used  in  this  work 
have  been  described,  considerable  difficulty  encountered  in 
their  use  necessitated  developing  the  present  burner  and 
absorber  (Figure  1).  Its  chief  advantages  are: 


The  ground-glass  joint  permits  the  burner  tip  to  be  easily  and 
quickly  centered  in  the  chimney.  This  prevents  smoking  the 
chimney  and  increases  gas  combustion  rate. 

Incorporation  of  the  chimney  and  absorber  into  one  piece 
considerably  reduces  the  number  of  parts  which  must  be  washed, 
thus  speeding  up  the  operation  and  reducing  possibilities  of  con- 

Rate  of  combustion  of  gas  can  be  closely  controlled  by  adjust¬ 
ment  of  stopcocks.  ,  . 

Gas  can  be  made  to  bum  with  a  clean  blue  name  even  at  the 
maximum  burner  capacity  of  10  liters  of  gas  per  hour. 

Elimination  of  a  condensate  trap  is  made  possible  because  of 
the  small  sample  of  gas  necessary  to  yield  accurate  results. 

All  rubber  connections  between  burner  and  absorber  are 

Total  manipulative  time  consumed  should  not  exceed  80 
minutes  per  single  determination  made. 


Reagents 

A  solution  of  2  per  cent  sodium  hydroxide  and  2  per  cent 
bromine  in  distilled  water  is  used  as  absorbing  liquid.  Fifteen 
milliliters  of  this  solution  and  15  ml.  of  distilled  water  are  used  in 
0&>cli  absorber. 

Five  per  cent  sodium  hydroxide  solution  is  used  as  a  scrubbing 
liquid.  The  turbid  metric  determination  of  sulfur  requires  1  N 
hydrochloric  acid,  a  20  per  cent  solution  of  sodium  hydroxide, 
an  alcohol-glycerol  solution  (67  per  cent  by  volume  of  ethyl 
alcohol  and  33  per  cent  glycerol  U.  S.  P.),  and  barium  chloride 
dihydrate  (20-  to  30-mesh).  .  „ 

Reagents  should  be  periodically  tested  for  sulfate,  especially  it 
used  over  an  extended  period.  Because  20  per  cent  sodium 


hydroxide  solution  reacts  with  glass  and  produces  a  turbid  solu¬ 
tion,  which  cannot  be  completely  cleared  by  filtration,  it  is  ad¬ 
visable  to  make  up  only  small  amounts  of  this  reagent  and  not 
let  it  age.  A  blank  determination  is  made  on  the  reagents 
involved. 


Procedure 

With  the  burner  inserted  in  the  chimney,  adjust  the  flow  of  air 
to  the  proper  velocity.  Remove  the  burner  and  light  the  gas  with 
an  alcohol  lamp.  Adjust  the  flow  of  gas  so  that  it  burns  with  a 
clean  blue  flame.  .  . 

Gradually  reinsert  the  burner  in  the  chimney.  Doing  this  too 
quickly  extinguishes  the  flame;  if  this  occurs,  care  must  be  taken 
to  sweep  the  apparatus  free  from  gas  before  reignition.  Suction 
on  the  absorber  may  be  used  to  avoid  extinguishing  the  flame,  but 

the  authors  here  found  this  to  be  unnecessary. 

After  sufficient  sample  has  been  burned  (a  10-liter  sample  is 
sufficient  for  gas  having  0.1  to  0.2  grain  of  sulfur  per  100  cu.  feet), 
transfer  the  absorbing  solutions  of  the  blank  and  the  sample  to 
500-ml.  Erlenmeyer  flasks.  Rinse  the  apparatus  several  times  with 
distilled  water.  The  final  total  volume  should  be  about  200  ml. 
Acidify  with  15  ml.  of  N  hydrochloric  acid.  Stopper  both  flasks 
with  2-hole  rubber  stoppers  having  two  lengths  of  small  glass 
tubing  projecting  2.5  cm.  (1  inch)  into  the  flask.  One  length  of 
tubing  is  straight,  whereas  the  second  and  longer  piece  is  bent  m  a 
downward  direction.  Attach  leads  from  the  supply  of  purified 
air  to  the  short  tubing  and  begin  evaporation  of  the  solutions  on  a 
hot  plate.  Tests  have  shown  it  to  be  absolutely  essential  that 
these  solutions  be  evaporated  in  an  atmosphere  free  from  con¬ 
taminating  sulfur  compounds.  . 

When  the  solutions  have  been  concentrated  to  about  1U  ml., 
filter  through  a  Whatman’s  No.  40  filter  paper  into  50-ml.  volu¬ 
metric  flasks,  washing  the  Erlenmeyer  flasks  several  times  with  dis¬ 
tilled  water.  Make  the  filtrates  slightly  alkaline  to  phenolphthal- 
ein  with  20  per  cent  sodium  hydroxide,  exactly  neutralize  with 
N  hydrochloric  acid,  and  add  3  ml.  in  excess.  Make  solutions 
up  to  the  mark. 

Follow  with  the  determination  of  sulfate  in  these  solutions, 
using  the  Betz-Hellige  turbidimeter  (5).  , .  . 

Initial  turbidity  should  be  negligible  in  all  cases,  and  the  blank 
should  be  very  small  in  comparison  with  the  sample  being 
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analyzed. 

Results 

The  following  data  are  typical  of  results  which  can  be 
obtained  by  this  procedure.  The  groups  of  two  represent 
duplicate  determinations  simultaneously  made  on  separate 
instruments,  using  two  samples  of  gas  of  identical  composition. 
Figures  are  expressed  in  terms  of  grains  of  sulfur  per  100  cu. 
feet: 


0.00539 

0.00503 

0.0207 

0.0225 

0.0521 
0 . 0526 

0.0580 

0.0586 


0.0639 

0.0644 

0 . 0692 
0.0692 

0.0716 

0.0736 

0.126 

0.130 


0.128 

0.130 

0.130 

0.130 

0.130 

0.135 

0.137 

0.140 


0.143 

0.143 

0.143 

0.148 

0.173 

0.178 

0.204 

0.204 


0.204 

0.204 

0.207 

0.211 

0.215 

0.215 

1.92 

1.92 


Values  of  0.155  and  0.151  grain  of  sulfur  per  100  cu.  feet 
compare  favorably  with  the  value  of  0.143  obtained  on 
analysis  of  the  same  gas  using  the  method  of  Lieber  and  Rosen 

(S). 
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Determination  of  Carotene  in  Plant  Material 

Dicalcium  Phosphate  as  an  Adsorbent 


L.  A.  MOORE,  Michigan  State  College,  East  Lansing,  Mich. 


DURING  the  past  few  years  considerable  interest  has 
been  aroused  in  an  effort  to  find  a  suitable  method  for 
the  determination  of  carotene  in  feces  and  in  plant  material 
which  has  been  stored  as  hay  or  made  into  silage.  Appar¬ 
ently  when  plant  material  has  been  exposed  to  these  condi¬ 
tions  certain  noncarotene  chromogens  develop  which  remain  in 
the  petroleum  ether  phase  when  carotene  is  determined  by  the 
Willstatter-Stoll  method  or  its  modifications  (/).  These  non¬ 
carotene  chromogens  are  therefore  determined  as  carotene. 

Hartman  and  co-workers  ( 3 )  noted  this  discrepancy  in  pul¬ 
verized  alfalfa  meal  when  comparing  the  values  obtained  bio¬ 
logically  and  chemically.  Later  Wiseman  and  associates  (10) 
found  noncarotene  chromogens  amounting  to  11  to  32  per  cent 
in  the  petroleum  ether  extract  where  the  Willstatter-Stoll  method 
of  separation  had  been  used.  These  chromogens  were  removed  by 
filtering  through  a  Tswett  column  of  specially  prepared  mag¬ 
nesium  oxide.  Quackenbush  and  co-workers  (6)  found  that  when 
fresh  plant  material  is  subjected  to  mineral  acids,  as  in  the  A.  I. 
V.  method  of  silage  making,  noncarotene  chromogens  develop 
which  remain  in  the  petroleum  ether  phase.  Later  work  by 
Hegsted,  Porter,  and  Peterson  (4)  showed  that  these  chromogens 
could  be  removed  by  extracting  the  petroleum  ether  phase  with 
diacetone. 

Whitnah  et  al.  (9)  reported  the  excretion  of  over  100  per  cent 
of  the  carotene  fed  to  cows,  which  was  probably  due  to  yellow 
chromogens  not  carotene.  Fraps  and  co-workers  (2)  found  that 
the  excrement  from  rats  and  chickens  fed  on  rations  practically 
free  from  carotene  contains  a  yellow  pigment  not  carotene. 

It  seems  apparent  that  carotene  in  plant  material,  other 
than  in  the  fresh  state,  cannot  be  accurately  determined  by 
the  Willstatter-Stoll  procedure  or  its  modifications. 

Wiseman  and  associates  (10)  used  a  specially  prepared  magne¬ 
sium  oxide  in  a  Tswett  column  to  remove  the  noncarotene  chro¬ 
mogens  from  the  petroleum  ether  extract  but  found  it  necessary 
to  carry  out  the  procedure  at  a  reduced  temperature  and  in  an 
atmosphere  of  nitrogen  which  complicates  the  determination 
considerably.  Fraps,  Kemmerer,  and  Greenberg  (2)  shook  the 
petroleum  ether  extract  with  a  small  amount  of  specially  pre¬ 
pared  magnesium  carbonate.  The  use  of  diacetone  as  outlined 
by  Hegsted,  Porter,  and  Peterson  (4)  for  silage  did  not  remove  all 
the  noncarotene  chromogens  when  used  with  extracts  from  hay  in 
the  author’s  laboratory. 

Some  time  ago  search  was  started  in  this  laboratory  for  an 
adsorbent  which  would  remove  all  pigments  except  carotene 
from  the  petroleum  ether  extract,  would  require  no  special 
preparation  and  no  special  precautions  in  carrying  out  the 
procedure,  and  would  not  change  on  standing  in  the  labora¬ 
tory.  After  trying  many  materials  dicalcium  phosphate  was 
found  to  possess  these  qualifications. 

Choice  of  Adsorbents 

Dehydrated  alfalfa  leaf  meal  was  extracted  with  petroleum 
ether  and  the  extract  passed  through  a  Tswett  column  com¬ 
posed  of  the  material  being  studied.  By  this  procedure  those 
adsorbents  which  held  up  the  chlorophyll  and  carotenoid  pig¬ 
ments  with  the  exception  of  carotene  could  be  ascertained 
and  the  rate  of  filtration  could  be  observed. 

The  next  step  was  to  determine  whether  the  adsorbent  de¬ 
stroyed  any  carotene.  This  was  done  by  passing  a  carotene 
solution  through  a  column  of  the  adsorbent  and  determining 
the  amount  of  carotene  before  and  after.  This  procedure  was 
repeated  several  times  with  the  same  carotene  solution,  using 
fresh  adsorbent  each  time.  The  column  was  not  cooled  nor 
placed  in  an  atmosphere  of  nitrogen. 


At  first  calcium  carbonate  was  thought  satisfactory,  since 
it  had  been  used  for  such  a  purpose  in  qualitative  work. 
However,  certain  lots  of  calcium  carbonate  adsorbed  or 
changed  some  of  the  carotene,  others  permitted  filtration 
only  at  an  exceedingly  slow  rate,  and  as  a  whole  they  varied 
considerably  in  their  ability  to  hold  up  the  noncarotene  pig¬ 
ments. 


Figure  1.  Transmission  Curves  of  Noncarotene  Chromo¬ 
gens  from  Dehydrated  Alfalfa  Meal  Compared  to  Beta- 

Carotene 


Dicalcium  phosphate  (Baker’s  c.  p.  analyzed)  was  found 
the  most  satisfactory  adsorbent.  It  caused  no  destruction  of 
carotene  and  held  the  other  pigments  well  in  the  upper  part 
of  the  column.  It  was  used  as  it  came  from  the  container 
without  any  special  treatment  and  the  various  lots  so  far  used 
have  given  uniform  results.  Moreover,  water  in  the  petro¬ 
leum  ether  had  no  effect  on  the  results.  Petroleum  ether 
filters  rapidly  on  application  of  a  vacuum,  and  100  ml.  of 
petroleum  ether  will  filter  through  a  column  7.5  to  10  cm. 
(3  to  4  inches)  in  depth  in  3  to  4  minutes. 

Procedure 

The  method  consists  essentially  of  (1)  extraction  of  the 
plant  material  with  alcohol,  (2)  extraction  of  the  alcohol  with 
petroleum  ether,  (3)  removal  of  the  alcohol  from  the  petro¬ 
leum  ether  extract,  and  (4)  filtration  of  the  petroleum  ether 
extract  through  a  column  of  dicalcium  phosphate  to  remove 
all  colored  substances  other  than  carotene. 

Two  to  4  grams  of  plant  material,  depending  upon  the  carotene 
content,  are  used.  Dried  materials  are  finely  ground  in  order  to 
get  effective  extraction,  silage  is  ground  through  a  food  chopper, 
and  fresh  material  is  cut  up  with  scissors.  After  weighing  the 
sample  the  silage  or  fresh  material  is  quickly  ground  in  a  mortar 
with  quartz  sand. 

The  material  is  transferred  to  a  250-ml.  Erlenmeyer  flask  and 
50  ml.  of  95  per  cent  aldehyde-free  ethyl  alcohol  are  added.  In 
the  case  of  the  silage  and  fresh  material,  the  alcohol  is  used  in 
the  grinding  process  and  transfer. 
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The  sample  is  then  refluxed  for  30  minutes  on  a  water  bath  and 
cooled,  the  alcohol  extract  is  decanted  into  a  500-ml.  separatory 
funnel,  and  25  ml.  of  alcohol  are  added  to  the  residue;  it  is  then 
refluxed  for  another  30-minute  period  and  the  second  extract  is 
decanted  into  the  first.  The  residue  is  further  extracted  with 
petroleum  ether  and  sufficient  alcohol  is  added  to  keep  the  residue 
dispersed.  Twenty-five  milliliters  of  alcohol  are  generally  used 
in  this  process,  making  a  total  of  100  ml.,  and  about  50  ml.  of 
petroleum  ether.  Sufficient  water  is  then  added  to  the  extract 
to  make  the  alcohol  concentration  80  per  cent.  . 

The  lower  layer  is  separated  from  the  upper  layer,  after  which 
it  is  extracted  three  more  times  with  30-ml.  portions  of  petroleum 
ether.  This  does  not  extract  all  the  color  from  the  alcohol  phase, 
but  as  practically  all  the  carotene  is  removed  by  the  first  two  ex¬ 
tractions  there  is  no  need  for  further  extraction. 

All  the  alcohol  must  be  removed  from  the  petroleum  ether  ex¬ 
tract,  otherwise  all  the  other  pigments  will  pass  through  the  ad¬ 
sorbent  with  the  carotene.  For  this  reason  the  petroleum  ether 
extract  is  then  washed  6  or  7  times  with  100-ml.  portions  of  tap 
water,  and  concentrated  to  about  20  to  25  ml.  in  an  Erlenmeyer 
flask  by  application  of  vacuum  and  hot  water. 

The  tubes  used  for  the  dicalcium  phosphate  column  can  easily 
be  made  from  ordinary  test  tubes  approximately  19  cm.  long  a,nd 
2.2  cm.  in  diameter,  by  blowing  out  the  bottom  and  attaching 
a  small  piece  of  glass  tubing  at  the  end.  The  glass  tube  is  sup¬ 
ported  by  a  250-ml.  Erlenmeyer  flask,  held  by  a  clamp,  to  catch 
the  filtrate.  A  small  piece  of  cotton  is  used  to  plug  the  small 
opening  in  the  lower  end  of  the  tube,  and  a  larger  piece  is  placed 
oh  top  The  tube  is  filled  a  little  over  half  full  with  dicalcium 
phosphate,  which  is  packed  lightly  by  application  of  vacuum 
from  an  ordinary  water  pump  and  by  use  of  a  small  plunger  made 
with  a  glass  rod  and  a  cork  of  the  proper  size.  A  small  amount 
of  anhydrous  sodium  sulfate  is  placed  on  top  of  the  phosphate,  so 
that  the  tube  is  about  half  filled  by  the  column. 

Thirty  milliliters  of  petroleum  ether  are  run  into  the  column, 
followed  by  the  extract,  concentrated  to  20  to  50  ml.,  and  60  more 
ml.  of  petroleum  ether.  The  various  pigments  are  adsorbed  in 
bands,  while  the  carotene  is  washed  on  through  the  column. 
The  carotene  filtrate  is  then  concentrated  if  necessary,  and  made 
up  to  volume,  and  the  carotene  concentration  is  determined.  A 
photoelectric  colorimeter  was  used  in  this  laboratory. 


Comparison  with  Peterson-Hughes  Method 

The  proposed  method  was  compared  with  the  Peterson- 
Hughes  procedure  (5),  which  was  already  in  use  in  this  labora- 


Table  I.  Comparison  of  Peterson-Hughes  Method  and 
Dicalcium  Phosphate  Column 


Sample 

Green  plants 
Alfalfa 
Rye 
Alfalfa 
Rye 

Dandelion  leaves 
Quack  grass 

Stored  hays 
Alfalfa  hay 


Alfalfa  meal  dehydrated 


Grass  and  legume  silages 

Brome  silage,  H3PO4  pre¬ 
servative 

Alfalfa  brome  silage,  HsPCh 
preservative 

Alfalfa  silage,  H3PO4  pre¬ 
servative 

Alfalfa  silage,  no  preservative 

Soybean  silage,  no  preserva¬ 
tive 

Sweet  clover  silage,  no  pre¬ 
servative 

Brome  silage,  no  preservative 

Bovine  feces 

Winter  feed 


Summer  pasture 


Mio.roerams 

of  Carotene  per 

Gram  of  Material 

Difference 

P-H  method 

CaHPCL  column 

% 

73.5 

72.5 

1.4 

92.5 

92.5 

0.0 

104.0 

105.0 

0.0 

100.0 

97.5 

2.5 

87.5 

85.5 

2.3 

121.0 

124.0 

2.5 

30.0 

24.0 

20.0 

38.0 

30.0 

22.0 

11.7 

9.0 

23.0 

23.0 

20.0 

13.0 

82.5 

71 .0 

14.0 

130.0 

115.0 

11.5 

126.0 

110.0 

12.7 

120.0 

91.5 

23.8 

54.0 

52.5 

2.8 

52.5 

47.5 

9.5 

70.0 

54.3 

15.3 

32.4 

27.0 

16.8 

14.0 

7.8 

44.2 

29.3 

23.3 

20.3 

15.0 

9.7 

35.5 

33.3 

27.0 

18.9 

49.6 

36.4 

25.6 

60.0 

45.0 

25.0 

51.7 

45.7 

13.5 

87.0 

81.0 

6.8 

91.5 

72.5 

21.6 

91.0 

82.5 

9.3 

111.0 

195.0 

14.4 

112.8 

96.8 

14.2 

tory.  For  this  comparison  samples  of  fresh  green  material, 
grass  and  legume  silages,  stored  hays,  and  bovine  feces  were 
analyzed  by  the  two  methods.  The  results  of  these  determina¬ 
tions  are  shown  in  Table  I. 

In  order  to  follow  the  progress  of  the  development  of  the 
noncarotene  chromogens  a  sample  of  dehydrated  alfalfa  leaf 
meal  was  obtained  on  which  the  two  methods  were  in  agree¬ 
ment  as  to  the  carotene  content.  This  meal  was  then  placed 
on  the  table  and  exposed  to  air  in  the  laboratory;,  samples 
were  analyzed  at  intervals  to  obtain  the  difference  in  results 
given  by  the  two  methods.  The  results  are  shown  in  Table 
II. 


Table  II.  Comparison  of  Peterson-Hughes  Method  with 
Proposed  Method 

(Using  a  sample  of  dehydrated  alfalfa  leaf  meal  exposed  to  laboratory 
temperature) 


Date 

11-4-39 

11-9-39 

11-24-39 

11- 30-39 

12- 7-39 
12-15-39 
12-22-39 
12-28-39 
1-4-40 

1- 19-40 

2- 19-40 

2- 29-40 

3- 9-40 
3-15-40 

3- 28-40 

4- 4-40 
4-11-40 
4-18-40 


Micrograms  of  Carotene  per 
Gram  of  Meal 

P-H  method  CaHPCL  column 


Difference, 

% 


145 

140 

97.5 

83.5 

77.5 
69.0 
65.0 

59.5 
50  0 
40.0 
30.0 
23.0 
22.0 

21.6 
15.3 

13.2 
11.7 

10.3 


143.5 

125.0 

86.0 

71.5 
65.0 
55.0 

46.5 

44.5 

37.5 
30.0 

19.5 

15.3 

13.3 
14.0 
10.0 

9.2 

8.2 
7.0 


1.0 

10.7 

11.7 

14.4 
16.1 
20.2 
28.9 

25.2 
25.0 
25.0 
35.0 

33.5 

39.6 
38.5 

34.7 
30.4 
30.0 

33.3 


Transmission  Curves  of  Noncarotene  Chromogens 

Dehydrated  alfalfa  meal  known  to  contain  the  noncarotene 
chromogens  was  extracted  using  the  Peterson-Hughes  procedure. 
The  final  extract  was  washed  with  water  and  the  noncarotene 
chromogens  were  isolated  on  columns  of  calcium  carbonate,  di¬ 
calcium  phosphate,  and  magnesium  oxide.  The  columns  of  ad¬ 
sorbent  were  removed  from  the  tubes  and  cut  into  sections,  each 
section  containing  a  different  pigment.  The  sections  were  Priced 
in  Skellysolve  B  and  the  pigment  was  eluted  by  addition  of  a 
small  amount  of  methyl  alcohol.  Transmission  curves  as  shown 
in  Figure  1,  were  then  made  of  each  pigment  and  pure  beta-caro 
tene  with  a  photoelectric  spectrophotometer  (manufactured  by 
the  Central  Scientific  Company,  Chicago,  Ill.). 

As  far  as  could  be  determined,  the  noncarotene  chromogens 
of  this  sample  of  meal  consisted  mainly  of  four  different  pig¬ 
ments,  numbered  for  convenience  according  to  the  order  in 
which  they  appeared  from  top  to  bottom  on  the  dicalcium 
phosphate  column. 

Pigment  1  was  difficult  to  work  with,  as  it  seemed  to  undergo 
some  change  while  on  the  column;  on  continued  washing  with  the 
solvent  it  seemed  to  disappear  gradually.  It  ha,d  a  greenish- 
yellow  color  on  the  dicalcium  phosphate  but  was  yellow  in  Skelly¬ 
solve.  Pigment  2  was  closely  associated  with  pigment  1,  in  that 
it  was  separated  from  pigment  1  only  by  continued  washing  with 
the  solvent.  Pigment  2  was  green  on  the  column  of  dicalcium 
phosphate  and  yellow  in  Skellysolve.  The  transmission  curves  of 
1  and  2  were  not  always  identical  for  each  isolation,  probably  be¬ 
cause  of  changes  taking  place  on  the  column  during  the  washing 
process.  Pigment  3  appeared  in  the  largest  quantities  and  as¬ 
sumed  a  rather  broad  band  on  the  dicalcium  phosphate  and  cal¬ 
cic  carbonate.  Pigment  4  washed  through  the  columns  of 
dicalcium  phosphate  and  calcium  carbonate  rather  easily  and  as¬ 
sumed  a  rather  narrow  band.  The  last  two  pigments  were  yellow 
mi  the  adsorbents  and  Skellysolve  B. 


Biological  Activity  of  Noncarotene  Chromogens 

In  order  to  show  whether  the  results  obtained  by  the  pro¬ 
posed  chemical  method  and  the  biological  method  are  com¬ 
parable,  the  vitamin  A  activity  of  the  noncarotene  chromo¬ 
gens  removed  should  be  known. 
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The  Peterson-Hughes  method  of  separation  was  applied  to  a 
sample  of  dehydrated  leaf  meal.  The  final  extract  was  washed 
with  water  to  remove  the  alcohol  and  passed  through  a  column  of 
dicalcium  phosphate.  The  noncarotene  chromogens  were 
eluted  with  methyl  alcohol,  concentrated,  and  fed  to  rats,  using 
the  Sherman-Todhunter  method  (7),  at  a  rate  equivalent  to  240 
micrograms  of  carotene.  Reference  oil  was  fed  at  the  rate  of  30 
International  units. 

Preliminary  results  indicate  that  these  chromogens  have 
some  activity  which  amounted  to  1  to  2  per  cent  of  the  total 
carotene  content  of  the  original  sample;  further  studies  may 
alter  these  figures.  At  least  four  pigments  appear  to  be  in¬ 
volved  with  alfalfa  meal,  but  no  data  are  available  as  to  which 
are  responsible  for  the  activity  or  the  quantities  of  each  pres¬ 
ent  at  the  various  stages  of  change  that  apparently  take  place. 
Therefore  the  biological  evaluation  of  these  chromogens  must 
await  further  work.  However,  it  is  not  to  be  expected  that  the 
biological  value  of  these  noncarotene  chromogens  will  be  large 
in  proportion  to  the  total  carotene  content  of  a  specific  sample. 

Stability  of  Carotene 

It  was  necessary  to  determine  whether  the  adsorbent 
changed  or  removed  any  carotene  while  the  solution  was 
filtering  through  the  column. 

Twelve  grams  of  dicalcium  phosphate  were  placed  in  each  of 
two  columns,  and  30  ml.  of  petroleum  ether  were  drawn  through 
50  ml.  of  the  carotene  solution,  followed  by  60  ml.  of  petroleum 
ether.  The  carotene  value  was  then  determined,  using  a  photo¬ 
electric  colorimeter.  Fresh  columns  were  again  made  up  and  the 
same  solution  of  carotene  was  filtered  again.  This  procedure  was 
repeated  4  times. 

The  results  are  shown  in  Table  III,  in  which  the  galva¬ 
nometer  readings  at  a  1-ml.  depth  are  recorded.  Very  little 
carotene  was  lost,  which  indicates  that  the  dicalcium  phos¬ 
phate  does  not  alter  the  chromogen  value  of  the  carotene  when 
it  is  filtered  through  the  column. 


Table  III.  Effect  of  Filtering  Carotene  Solution 
through  Column  of  Dicalcium  Phosphate  (Lot  102,839) 


Times  through 
Column 

Solution  1 

-Galvanometer  Readings — 
Solution  2 

Control 

0 

51.8 

51.8 

51.8 

1 

52.0 

52.0 

51.8 

2 

51.8 

51.5 

51.5 

3 

52.0 

52.5 

51.8 

4 

52.5 

52.8 

51.7 

Presence  of  Other  Noncarotene  Chromogens 

To  determine  whether  the  dicalcium  phosphate  removed 
all  the  carotenoid  pigments  other  than  carotene,  the  petroleum 
ether  extract  of  dehydrated  leaf  meal  which  was  known  to 
contain  the  noncarotene  chromogens  was  first  passed  through 
a  column  of  dicalcium  phosphate,  and  was  then  subjected  to 
further  chromotographic  analysis  using  a  column  of  magne¬ 
sium  oxide.  Magnesium  oxide  had  been  used  by  Strain  ( 8 ) 
to  separate  the  various  carotenoids  and  for  their  purification. 
Only  one  band  developed,  indicating  that  only  beta-carotene 
was  present  in  the  solution  after  it  passed  through  the  column 
of  dicalcium  phosphate. 

Cryptoxanthin  from  yellow  com  washed  through  much 
more  slowly  than  beta-carotene,  so  that  the  method  offers  a 
possible  way  of  estimating  these  two  constituents  in  yellow 
corn. 

Discussion 

It  is  apparent  from  Table  I  that  the  proposed  method  is  in 
good  agreement  with  the  Peterson-Hughes  method  ( 5 )  where 
fresh  material  is  the  subject  of  study.  However,  with  plant 
material  which  has  been  subject  to  storage  or  to  the  digestive 
tract  of  a  cow,  the  results  are  sometimes  more  than  30  per 
cent  lower. 

The  interpretation  placed  on  these  results,  as  others  have 


likewise  indicated,  is  that  certain  carotenoidlike  chromogens 
develop  which  remain  in  the  petroleum  ether  phase  when  it  is 
washed  with  methyl  alcohol.  These  chromogens  are  for  the 
most  part  biologically  inactive  and  should  therefore  not  be 
included  in  the  final  carotene  value. 

Preliminary  biological  assay  showed  that  these  impurities 
contained  approximately  1  to  2  per  cent  of  the  carotene  value 
of  the  sample.  Therefore,  when  samples  are  analyzed  by 
this  method  the  results  on  a  biological  basis  will  be  low. 
This  error  is  much  smaller  than  that  obtained  when  using 
the  Willstatter-Stoll  method  or  its  modifications,  where  the 
error  may  be  as  great  as  30  per  cent. 

That  these  noncarotene  chromogens  are  present  in  the  plant 
material  before  it  is  subjected  to  analysis  and  are  not  the  re¬ 
sult  of  treatment  during  the  analytical  procedure  is  demon¬ 
strated  by  the  fact  that  with  fresh  material  there  was  little 
difference  between  the  results  by  the  two  methods. 

Using  dicalcium  phosphate  no  special  precautions  were 
necessary,  at  least  with  the  different  lots  used  thus  far.  No 
special  preparation  was  required  before  use,  and  the  column 
is  easy  to  prepare;  the  phosphate  is  merely  placed  in  the 
column  in  about  two  portions  with  vacuum  and  light  tamping 
with  a  plunger. 

The  transmission  curves  show  that  the  noncarotene  chro¬ 
mogens  as  isolated  are  not  beta-carotene,  although  both  No. 
3  and  No.  4  have  curves  similar  to  beta-carotene  but  with  dif¬ 
ferent  maxima. 

In  the  author’s  laboratory  magnesium  oxide  and  magne¬ 
sium  carbonate  have  not  given  good  results  because  they  tend 
to  change  some  of  the  carotene  during  the  filtration  process, 
thereby  giving  too  low  values. 

The  use  of  the  Tswett  column  is  thought  to  have  some  ad¬ 
vantages  over  the  method  of  Fraps  where  the  adsorbent  is 
placed  directly  in  the  carotene  solution,  in  that  it  is  possible 
to  see  the  location  of  the  bands  of  noncarotene  chromogens 
and  know  that  they  have  been  definitely  held  by  the  adsorb¬ 
ent.  Further  work  may  also  reveal  which  of  the  noncarotene 
chromogens  possess  biological  activity,  so  that  if  a  Tswett 
column  is  used,  the  column  can  be  removed  and  the  band  in 
question  cut  out,  eluted,  and  returned  to  the  final  extract  to 
be  determined  as  carotene. 

It  is  possible  to  use  alkali  for  digestion  of  the  sample  as  in 
the  Peterson-Hughes  method  in  conjunction  with  the  pro¬ 
posed  method.  It  is  only  necessary  to  remove  the  alcohol 
from  the  final  extract  and  run  the  extract  through  the  column. 

A  word  of  caution  should  be  given  here.  One  lot  of  petro¬ 
leum  ether  encountered  in  these  studies  was  contaminated 
with  some  substance  that  permitted  all  the  carotene  to  go 
through  the  column.  Washing  the  petroleum  ether  with  water 
corrected  this  difficulty. 

Summary 

A  method  for  the  determination  of  carotene  in  plant  ma¬ 
terial  consists  essentially  of  extraction  with  alcohol,  extrac¬ 
tion  of  the  alcoholic  extract  with  petroleum  ether,  removal 
of  alcohol  from  the  petroleum  ether,  and  passing  the  extract 
through  a  Tswett  column  of  dicalcium  phosphate. 

By  this  method  certain  noncarotene  chromogens  are  re¬ 
moved,  so  that  the  value  obtained  is  probably  for  pure  caro¬ 
tene. 

These  results  indicate  that  the  Willstatter-Stoll  method  or 
its  modifications  for  the  determination  of  carotene  are  not 
accurate  for  plant  material  which  has  been  subjected  to  stor¬ 
age  or  to  the  action  of  the  digestive  tract. 
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Addendum 

Since  this  paper  was  prepared  for  publication  one  lot  of 
Baker’s  dicalcium  phosphate  (21,940)  has  been  encountered 
which  permitted  filtration  at  a  slow  rate  and  destroyed  some 
carotene  in  the  process. 

A  satisfactory  phosphate  for  the  determination  can  be  made 
bv  dissolving  142  grams  of  disodium  hydrogen  phosphate  in  1 
liter  of  water  and  115  grams  of  calcium  chloride  in  750  ml.  of 
water  The  calcium  chloride  solution  is  poured  into  the  disodium 
phosphate  solution  and  mixed.  The  precipitated  dicalcium  phos¬ 
phate  is  placed  in  a  20-cm.  (8-inch)  Buchner  funnel  and  washed 
with  three  500-ml.  portions  of  water.  The  water  is  drawn  off  just 
down  to  the  level  of  the  precipitate,  so  that  it  remains  wet.  ihe 
precipitate  is  transferred  to  an  evaporating  dish  and  dried 
for  24  hours  at  100°  C.  The  dried  dicalcium  phosphate  is  then 
broken  up  in  a  mortar,  after  which  it  is  ready  for  use.  It  is 
important  that  the  phosphate  be  left  wet  and  dried  in  an  evapo¬ 
rating  dish. 
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Determination  of  Glycerol 

By  Oxidation  with  Ceric  Sulfate  in  Fermentation  Media  Containing  Dextrose 

E.  I.  FULMER,  R.  J.  HICKEY,  AND  L.  A.  UNDERKOFLER,  Iowa  State  College,  Ames,  Iowa 


IN  STUDIES  on  the  production  of  glycerol  by  fermentation 
a  major  difficulty  was  the  lack  of  a  rapid  and  accurate 
method  for  the  quantitative  determination  of  glycerol  in  the 
presence  of  sugar. 


Procedures  proposed  for  the  determination  of  glycerol  in  the 
absence  of  sugar  usually  involve  either  oxidation  by  dichromate 
or  modifications  of  the  method  of  Benedikt  and  Cantor  (£).  A 
procedure  of  Hoyt  and  Pemberton  (8)  consists  of  a  sugar  de¬ 
termination  by  the  Munson  and  Walker  ( 9 ,  15)  method,  followed 
bv  oxidation  of  the  glycerol-sugar  mixture  with  a  sulfuric  acid- 
dichromate  mixture.  The  method  requires  a  large  excess  oi  di- 
chromate  and  3  hours  of  heating  Objections  to  the  acetin 
method  have  been  summarized  by  Andrews  (1),  while  appraisals 
of  the  dichromate  and  other  procedures  have  been  made  by  Hoyt 
and  Pemberton  (8).  The  acetin  method  is  most  applicable  in 
concentrated  glycerol  solutions  (above  50  per  cent),  but  even 
when  the  procedure  is  used  as  modified  by  Shaefer  (10)  the  sugar 
is  susceptible  to  acetylation  and  thus  would  interfere  with  the 
analysis  of  glycerol.  Determination  of  glycerol  by  means  oi  ceric 
sulfate  was  investigated  by  Cuthill  and  Atkins  (4)  •  The  analysis 
was  attempted  only  in  the  absence  of  sugar. 


The  present  communication  gives  details  of  a  simple  and 
rapid  method  for  the  determination  of  glycerol,  in  the  pres¬ 
ence  of  dextrose,  which  is  applicable  to  a  fermented  medium. 
The  procedure  involves  the  determination  of  the  sugar  by  a 
copper  titration  method,  followed  by  the  oxidation  of  another 
sample  with  ceric  sulfate  under  standardized  conditions. 
Both  the  sugar  and  the  glycerol  are  oxidized,  but  from  a  cor¬ 
rection  for  the  ceric  sulfate  used  by  the  sugar,  the  glycerol  is 
calculated  by  means  of  suitable  equations  or  read  from  a 
graph. 


Experimental 

Several  procedures  were  tested  for  the  determination  of 
the  sugar,  including  the  Shaffer-Hartmann  (11)  method,  t  e 
Hagedorn-Jenson  (7)  ferricyanide  method  as  modified  by  Blish 
and  Sandstedt  (S),  and  the  Shaffer-Somogyi  (12,  U)  copper 
method.  The  latter  procedure,  employing  an  alkaline  copper 
reagent  followed  by  an  iodometric  titration  of  the  reduced 
copper,  proved  to  be  the  most  suitable  and  specific  under  the 
conditions  employed.  The  procedure  was  modified  slightly 
to  obtain  more  reproducible  and  accurate  results.  The  modi¬ 
fications  involved  heating  appropriately  diluted  protein-free 


samples,  mixed  with  a  fixed  amount  of  the  reagent,  in  22  X 
250  mm.  Pyrex  test  tubes  in  a  water  bath  for  35  minutes  in¬ 
stead  of  the  20  minutes  recommended  by  the  authors.  The 
tubes  were  covered  with  glass  bulbs  during  the  heating  and 
until  titration  to  prevent  the  entry  of  oxygen. 

In  Table  I  are  presented  data  on  the  analysis  of  mixtures  of 
dextrose  and  glycerol  with  0.1000  N  ceric  sulfate  solution, 
the  details  of  the  procedure  are  given  below.  The  standard 
solutions  of  dextrose  and  glycerol  contained  2.000  mg.  of 
pure  reagent  per  ml.  of  solution;  freshly  prepared  solutions 
were  employed  in  each  case  to  obviate  any  errors  which  might 
result  from  the  possible  growth  of  microorganisms. 

The  sample  is  diluted  so  as  to  contain  between  0.030  and  0.500 
me  of  dextrose  per  ml.  and  the  exact  quantity  is  determined  by 
the  modified  Shaffer-Somogyi  procedure  given  above.  For  the 
ceric  sulfate  oxidation  a  sample  is  diluted  so  that  the  total 


Table  I.  Analysis  of  Mixtures  of  Glycerol  and  Dextrose 
by  Oxidation  with  0.100  N  Ceric  Sulfate 


Present 

— Glycerol - 

Found 

Error 

Present 

— Dextrose - 

Found 

Error 

0 

Mg.  per  ml. 

0.50 

1.00 

Mg.  per  ml. 

0.52 

1.00 

+  0.02 
±0.00 

1.50 

1.53 

+  0.03 

2.00 

1.99 

-0.01 

0 

*  * 

2.50 

2.50 

±0.00 

3.00 

2.99 

-0.01 

•  * 

4.00 

3.96 

-0.04 

5.00 

4.80 

-0.20 

0.47 

0 !  47 

±0.00 

0 

0.95 

0.94 

-0.01 

0 

1.00 

1.01 

+  0.01 

0 

1.41 

1.42 

+  0.01 

0 

1.89 

1.89 

±0.00 

0 

2.00 

2.02 

+0.02 

0 

2.36 

2.37 

+  0.01 

0 

2.83 

2.87 

+0.04 

0 

3.00 

3.01 

+  0.01 

0 

3.78 

3.76 

-0.02 

0 

4.00 

4.03 

+  0.03 

0 

5.00 

4.93 

-0.07 

0 

0  50 

0.49 

-0.01 

0 . 50 

1  00 

1.00 

±0.00 

1.00 

1.00 

1.01 

+0.01 

2.00 

1.00 

1.00 

±0.00 

3.00 

2.00 

1.99 

-0.01 

1.00 

2  00 

2.02 

+  0.02 

2.00 

2.50 

2.51 

+  0.01 

2 . 50 

3.00 

2.98 

-0.02 

1.00 
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Table  II.  Analysis  for  Glycerol  in  Fermentation  Medium 
by  Oxidation  with  0.100  N  Ceric  Sulfate 


Dex- 

Glyc- 

Dex- 

Glyc- 

Total 

Give- 

Added 

Glyc- 

trose  in 

erol  in 

trose 

erol 

erol 

erol 

Sample 

Sample 

Added 

Added 

Found 

Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.07 

1.63 

0 

0 

1.63 

0.07 

1.63 

0 

0.50 

2.14 

0.51 

+  6.01 

0.07 

1.63 

0 

1.00 

2.63 

1.00 

±0.00 

0.07 

1.63 

0 

1.50 

3.13 

1.50 

±0.00 

0.07 

1.63 

0.50 

0.50 

2.13 

0.50 

±0.00 

0.07 

1.63 

0.50 

1.00 

2.61 

0.98 

-0.02 

0.07 

1.63 

1.00 

0.50 

2.14 

0.51 

+0.01 

quantity  of  dextrose  plus  glycerol  does  not  exceed  4  mg.  per  ml.; 
best  results  are  obtained  between  0.50  and  2.50  mg.  Into  each 
22  X  175  mm.  Pyrex  test  tube  are  measured  exactly  5  ml.  of 
sample,  approximately  2  ml.  of  1  to  1  sulfuric  acid,  and  5.00  ml. 
of  0.1000  N  ceric  sulfate  in  1  molar  sulfuric  acid.  The  contents 
of  the  tubes  are  then  well  mixed.  A  sample  of  less  than  5  ml.  may 
be  used,  providing  water  is  added  to  bring  the  total  volume  to 
12  ml.  The  tubes  are  then  heated  in  a  boding  water  bath  for  1 
hour.  The  tubes  are  covered  with  glass  bulbs  during  the  heating 
to  prevent  excessive  evaporation  with  subsequent  crystallization 
of  salts.  More  consistent  results  were  obtained  with  the  covered 
than  with  the  uncovered  tubes,  although  the  general  mathe¬ 
matical  relation  between  concentration  and  ceric  sulfate  consumed 
is  the  parabolic  function  discussed  below. 

At  the  end  of  the  period  of  heating,  the  tubes  are  placed  in 
cold  water  and  cooled  to  20°  to  25°  C.  The  excess  ceric  sulfate  is 
titrated  with  0.1000  N  ferrous  ammonium  sulfate  solution  which 
is  kept  under  an  oxygen-free  atmosphere.  An  excellent  end  point 
is  obtained  with  either  of  the  oxidation-reduction  indicators,  erio- 
glaucin  or  the  o-phenanthroline  ferrous  complex  of  Smith  (13). 
Variations  in  sulfuric  acid  from  1  to  5  ml.  had  no  significant  effect. 
The  final  titration  of  the  ceric  sulfate  may  be  made  within  2 
hours  after  cooling,  although  immediate  titration  is  recommended. 

An  examination  of  the  data  for  pure  dextrose  and  pure 
glycerol  shows  the  volume  of  ceric  sulfate  used  to  be  a  para¬ 
bolic  function  of  the  concentration  of  the  reagent.  The  cal¬ 
culations  are  made  as  follows: 

The  volume  in  milliliters  of  0.1000  N  ceric  sulfate,  V\,  used  by 
the  weight  of  dextrose  in  milligrams,  D,  determined  by  analysis 
is  calculated  by  Equation  1. 

log  (Fi  X  10)  =  1.091  log  (D  X  10)  -  0.307  (1) 

By  subtracting  Fi  from  the  total  volume  of  ceric  sulfate  used, 
F,  the  volume  of  ceric  sulfate  consumed  by  the  glycerol,  F2)  is  ob¬ 
tained.  The  amount  of  glycerol  (mg.)  is  obtained  by  the  relation 


of  Equation  2. 

log  (G  X  10)  =  1.000  log  (F2  X  10)  +  0.069  (2) 

The  above  equation  simplifies  to 

G  =  1.172  F2  (3) 

In  the  corresponding  equations  for  the  uncovered  tubes  the 
constants  differ  slightly,  so  that 

log  (Ft  X  10)  =  1.085  log  (D  X  10)  -  0.327  (la) 

log  (G  X  10)  =  1.027  log  (F2  X  10)  +  0.063  (2a) 


Calculations  for  glycerol  in  mixtures  of  glycerol  and  dex¬ 
trose  by  means  of  Equations  1  and  2  are  given  in  Table  I. 
The  procedure  gives  entirely  satisfactory  results  for  mixtures 
of  the  pure  reagents. 

In  Table  II  are  given  data  for  media  which  had  been  sub¬ 
jected  to  alcoholic  fermentation.  The  medium  contained 
dextrose,  yeast  extract  (Difco),  ammonium  chloride,  cal¬ 
cium  chloride,  magnesium  sulfate,  secondary  potassium  phos¬ 
phate,  and  tap  water.  After  completion  of  the  yeast  fermenta¬ 
tion,  the  alcohol  was  distilled.  An  aliquot  of  the  residual 
liquid  was  clarified  with  basic  lead  acetate  and  then  subjected 
to  the  analytical  procedure  given  above.  Analyses  were 
made  of  the  clarified  samples  and  also  of  the  samples  to  which 
known  amounts  of  glycerol  and  dextrose  had  been  added. 
The  data  show  the  procedure  to  be  satisfactorily  applicable 
to  the  determination  of  glycerol  in  the  presence  of  dextrose 
in  a  fermentation  medium. 

The  analysis  of  glycerol  in  a  fermentation  medium,  con¬ 
taining  dextrose  as  substrate,  may  be  accomplished  by  the 
methods  given  in  the  present  communication.  The  fermented 


medium  contains,  principally,  ethanol  together  with  varying 
amounts  of  glycerol,  acetic  acid,  succinic  acid,  and  perhaps 
some  acetaldehyde.  Distillation  in  the  presence  of  calcium 
carbonate  removes  the  volatile  nonacid  compounds.  The 
proteins  in  the  residual  liquid  are  removed  by  precipitation 
with  basic  lead  acetate.  According  to  Willard  and  Young 
(16),  acetic  and  succinic  acid  do  not  interfere  in  analysis  by 
means  of  ceric  sulfate.  Tartaric  and  malonic  acids  will  inter¬ 
fere  since  they  may  be  determined  quantitatively  with  ceric 
sulfate;  however,  the  latter  compounds  would  not  be  ex¬ 
pected  in  the  fermentation.  Sodium  and  potassium  salts 
in  appreciable  quantities  interfere  because  of  the  formation  of 
slightly  soluble  complex  salts  with  ceric  sulfate  in  the  presence 
of  sulfuric  acid.  However,  the  above  salts  are  not  usually 
present  in  fermentation  media  in  sufficient  concentrations  to 
cause  difficulty,  especially  since  the  sample  must  be  diluted  so 
that  the  combined  weight  of  the  glycerol  and  sugar  does  not 
exceed  4  mg.  per  ml. — i.  e.,  0.4  gram  per  100  ml.  Lithium 
and  ammonium  salts  do  not  interfere  with  the  determination. 
The  latter  is  especially  important,  since  some  of  the  work  in 
progress  in  our  laboratories  on  the  glycerol  fermentation  deals 
with  the  regulation  of  pH  by  the  use  of  ammonium  hydroxide, 
ammonium  carbonate,  and  other  ammonium  salts.  Ammo- 
nium  sulfite  is  also  being  employed  in  place  of  sodium  sulfite. 
The  ammonium  compounds  are  being  used  principally  be¬ 
cause  of  their  relative  ease  of  removal  at  the  end  of  the  fer¬ 
mentation  in  order  to  decrease  the  difficulty  of  recovery  of 
the  glycerol  after  the  fermentation.  These  studies  are  being 
made  at  constant  pH  by  means  of  a  control  adaptation  of  the 
Cameron  pH  recorder. 

Reproducible  results  have  been  obtained  in  this  laboratory 
for  analyses  made  at  different  times  and  with  different  sets 
of  reagents.  Nevertheless,  it  would  be  advisable  for  the  in¬ 
dividual  analyst  to  standardize  his  methods  and  technique, 
and  to  prepare  his  own  parabolic  equations  from  several 
analytical  series  for  sugar  and  for  glycerol,  using  reagents  of 
known  purity.  Since  two  samples  of  commercial  ceric  sul¬ 
fate  may  not  be  identical  in  composition,  slight  differences  in 
equation  constants  may  be  noted.  The  variation  of  the 
constants  is  especially  noticeable  if  one  uses  ceric  sulfate  solu¬ 
tions  which  are  not  of  identical  normality. 

The  analytical  method  described  should  be  adaptable  to 
many  other  types  of  analyses  where  an  economical,  rapid, 
and  accurate  method  is  desired,  such  as  analyses  of  mixtures 
of  polyhydric  alcohols  and  reducing  sugars  of  various  types. 
This  type  of  procedure  would  be  much  simpler  than  the 
periodate  methods  of  Fleury  and  Fatome  (5,  6). 
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Photometric  Determination  of  Potassium 

with  Dipicrylamine 

ELIAS  AMDUR,  University  of  Minnesota,  Minneapolis,  Minn. 


KOLTHOFF  and  Bendix  (I)  describe  the  use  of  dipicryl¬ 
amine  in  the  gravimetric,  volumetric,  and  colorimetric 
determination  of  potassium.  Several  problems  were  en¬ 
countered  by  the  author  in  the  adaptation  of  the  colorimetric 
procedure  to  the  determination  of  potassium  in  tissues  and 
blood.  It  was  found  that  information  regarding  the  selection 
of  a  light  filter  for  this  determination  was  not  available,  and 
that  modification  of  the  procedure  to  reduce  the  amount  of 
necessary  manipulation  and  to  allow  working  at  room  tem¬ 
perature  was  desirable.  A  revision  of  the  procedure  of 
Kolthoff  and  Bendix  and  a  new  indirect  method  are  described 
below. 

Selection  of  Light  Filter 

In  the  colorimetric  procedure  of  Kolthoff  and  Bendix,  and 
in  the  work  described  below,  the  concentrations  of  known 
solutions  of  potassium  dipicrylaminate  are  plotted  against  the 
light  transmission  percentage  (I /I o  X  100)  and  unknown 
samples  are  compared  with  the  curve  obtained.  A  group  of 
such  curves,  using  different  fight  filters,  is  shown  in  Figure  2. 
The  sensitivity  of  the  determination  to  changes  in  the  potas¬ 
sium  dipicrylaminate  concentration  varies  greatly  with  the 
fight  filter  used  and  the  thickness  of  solution  through  which 
the  fight  passes.  The  latter  factor  can  be  rendered  unimpor¬ 
tant  by  using  identical  cells  to  contain  solutions  to  be  sub¬ 
jected  to  transmission  determination.  The  effect  of  a  fight 


Figure  1.  Transmission  Curves  of  Potassium  Dipicrylaminate  Solutions 
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filter  in  increasing  the  sensitivity  is  best  determined  by  ex¬ 
periment,  although  examination  of  the  transmission  curves  of 
various  concentrations  of  potassium  dipicrylaminate  will  be 
helpful  in  a  preliminary  selection  of  filters. 

A  Cenco-Sheard-Sanford  photelometer  was  used  for  measuring 
transmission  percentages.  In  this  instrument,  the  fight  passes 
horizontally  through  a  light  filter,  then  through  a  cell  having 
parallel  glass  walls  1  cm.  apart,  and  finally  falls  on  a  photoelectric 
cell  which  actuates  a  microammeter.  A  slide  allows  any  of  the 
three  identical  cells  to  be  placed  between  the  filter  and  the  photo¬ 
electric  cell.  One  cell  is  filled  with  the  pure  solvent,  and  this  acts 
as  the  standard  with  a  transmission  percentage  of  100.  The 
transmission  percentages  of  the  other  solutions  are  determined  by 
adjusting  the  fight  source  so  that  the  instrument  reads  100  with 
the  standard  cell  in  place,  and  then  substituting  the  cell  containing 
the  solution  of  unknown  transmittancy. 

With  a  green  glass  filter  (supplied  with  the  photelometer  for 
use  in  hemoglobin  determinations)  this  instrument  proved  to  be 
insensitive,  when  compared  to  the  results  obtained  by  Kolthon 
and  Bendix  with  a  Lange  colorimeter.  Following  their  sugges¬ 
tion,  blue  filters  were  substituted  for  the  green  filter.  Cobalt  blue 
glass  and  blue  cellophane  were  tried,  but  did  not  give  unproved 
results. 

As  the  first  step  in  finding  a  better  fight  filter,  the  absorption 
spectra  of  several  solutions  of  potassium  dipicrylaminate  were 
determined  with  the  Hilger  visual  spectrophotometer.  Figure 
1  shows  three  of  these  curves.  While  they  are  rough,  it  is  ap¬ 
parent  that  the  filter  should  have  a  sharp  cutoff  at  about 
5300  A.,  and  allow  as  little  as  possible  of 
the  red  or  infrared  to  come  through.  The 
cobalt  glass  and  the  blue  cellophane  failed 
because  both  have  substantial  transparency 
to  red  fight,  whereas  the  absorption  of  solu¬ 
tions  of  potassium  dipicrylaminate  of  widely 
differing  concentrations  is  almost  the  same. 

At  the  suggestion  of  the  Corning  Glass 
Works,  filters  of  Corning  glasses  No.  556 
(signal  blue)  and  No.  429  (blue  green)  were 
obtained.  In  Figure  2  are  plotted  the  loga¬ 
rithms  and  the  values  of  the  transmission  per¬ 
centages  of  dipicrylaminate  solutions  as  a 
function  of  the  concentration,  using  several 
different  fight  filters.  The  values  of  Kolt¬ 
hoff  and  Bendix  are  not  strictly  comparable 
to  the  others,  as  the  solution  thickness  in 
the  cells  used  by  them  was  much  greater 
than  the  1  cm.  of  the  photelometer  cells. 
Several  important  conclusions  may  be  drawn 
from  the  curves.  The  equipment  used  by 
Kolthoff  and  Bendix  gives  superior  results 
up  to  a  concentration  of  50  micrograms  of 
potassium  as  potassium  dipicrylaminate  per 
100  ml.  The  use  of  a  1-cm.  cell  and  a  com¬ 
bination  of  Corning  glasses  Nos.  556  and  429 
will  give  better  results  over  a  larger  range  of 
concentrations.  If  a  single  filter  must  be 
used,  No.  556  is  preferable. 

It  can  be  seen  from  curve  I  (Figure  2) 
that  dipicrylamine  solutions  follow  Beer’s 
law  closely  if  the  combination  of  filters  is 
used.  This  makes  possible  the  use  of  a  Du- 
boscq  colorimeter  if  a  photoelectric  instru¬ 
ment  is  not  available.  Care  must  be 
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microgram  samples  gave  results  of  +1  and 
+2  per  cent,  respectively. 

Indirect  Procedure  for  Potassium 

An  indirect  empirical  method  for  potas¬ 
sium  was  developed  which  has  certain  ad¬ 
vantages  over  the  procedures  described 
above.  It  is  more  rapid,  requires  less 
manipulation  and  apparatus,  uses  less  of 
the  reagent  per  determination,  and  gives 
more  accurate  results. 


MICROGRAMS  OF  POTASSIUM 

^Figure  2.  Transmission  Percentage  Plotted  as  a  Function  of  Concen¬ 
tration  of  Potassium  Dipicrtlamine  for  Various  Combinations  of 

Light  Filters 

I.  5.5  mm.  of  Corning  glass  No.  556  and  3.8  mm.  of  Corning  glass  No.  429 
II.  5.5  mm.  of  Corning  glass  No.  556 

III.  3.8  mm.  of  Corning  glass  No.  429 

IV.  Green  glass  light  filter 

V.  Values  of  Kolthofi  and  Bendix 


taken,  however,  that  the  concentration  and  thickness  of  solu¬ 
tions  fall  within  the  range  where  curve  I  approximates  a 
straight  line. 

Revision  of  Kolthoff-Bendix  Procedure 

In  their  colorimetric  method,  Kolthoff  and  Bendix  evaporate  a 
liquid  to  dryness  in  a  porcelain  crucible,  place  the  cooled  crucible 
in  ice  water  to  a  depth  of  1  cm.,  and  then  add  a  few  drops  of  3 
per  cent  magnesium  dipicrylaminate.  They  allow  the  mixture  to 
stand  for  10  minutes,  and  then  draw  off  the  excess  reagent  through 
a  filter  stick.  They  wash  the  precipitate  successively  with  ice 
water,  a  solution  of  potassium  dipicrylaminate  (saturated  at 
0°  C.),  and  finally  with  ice  water,  dissolve  the  precipitate  in  a  few 
drops  of  acetone,  and  dilute  with  water  to  100  ml.  They  then  de¬ 
termine  the  transmission  percentage,  and  compare  with  a  curve 
such  as  those  of  Figure  2. 

This  procedure  may  be  used  at  room  temperature  if  both 
the  reagent  and  the  wash  liquid  are  saturated  at  that  tempera¬ 
ture  with  potassium  dipicrylaminate.  The  washings  with  ice 
water  are  not  necessary  in  order  to  get  reproducible  results, 
as  the  amount  of  potassium  salt  in  the  liquid  adhering  to  the 
precipitate  and  apparatus  is  negligible  and  at  the  most  requires 
a  slight  constant  blank  correction. 

It  is  also  advantageous  to  run  the  whole  determination  in  a 
large  Pyrex  test  tube  calibrated  at  50  ml.,  and  to  perform  the 
final  dilution  in  it,  thus  eliminating  the  chance  of  loss  during 
the  transfer  from  a  crucible  to  a  volumetric  flask. 

Three  100-microgram  samples  were  determined  using  these 
modifications  with  errors  of  0,  0,  and  + 1  per  cent.  Two  50- 


The  reagent  used  is  a  0.6  per  cent  solution 
of  lithium  dipicrylaminate  in  water,  saturated 
at  25°  C.  with  potassium  dipicrylaminate.  A 
measured  quantity  of  this  reagent  is  added 
to  the  dried  sample,  and  the  mixture  is  allowed 
to  stand  for  2  hours.  An  aliquot  portion  of 
the  supernatant  liquid  is  then  withdrawn  and 
diluted  to  100  ml.,  and  the  transmission  per¬ 
centage  is  determined.  The  value  obtained  is 
compared  with  a  standard  curve  obtained 
by  treating  a  graduated  series  of  standard 
samples  in  the  same  manner.  A  standard 
curve  of  this  type  is  shown  in  Figure  3. 

Materials  Used.  Dipicrylamine  is  ob¬ 
tainable  from  the  Eastman  Kodak  Company  at 
$2  per  10  grams. 

Apparatus.  If  the  laboratory  is  subject 
to  great  temperature  variation,  a  crude  thermo¬ 
stat  controllable  to  ±2°  C.  is  required. 

Lithium  Dipicrylaminate  Reagent,  0.6 
per  cent.  A  solution  of  0.55  gram  of  lithium 
carbonate  in  100  ml.  of  water  is  prepared, 
and  3  grams  of  dipicrylamine  are  added.  This 
solution  is  heated  to  50°  C.,  allowed  to  stand 
for  24  hours,  then  filtered  into  a  500-ml.  flask 
and  made  up  to  about  500  ml.  This  diluted 
reagent  is  heated  to  50°  C.  and  moist  potas¬ 
sium  dipicrylaminate  is  added  until  no  more 
dissolves.  The  saturated  solution  is  allowed 
to  cool  to  room  temperature  and  is  not  fil¬ 
tered  from  the  deposited  crystals.  The  potas¬ 
sium  salt  used  for  saturation  is  prepared  by 
adding  a  few  milliliters  of  3  per  cent  reagent 
to  the  calculated  quantity  of  potassium  chlo¬ 
ride  solution,  and  washing  the  precipitate  with  distilled  water. 

Standard  Potassium  Solution.  A  solution  of  potassium  sul¬ 
fate  or  chloride  is  prepared,  containing  0.1  mg.  of  potassium  per 
ml. 

Procedure.  Nine  samples  of  the  standard  potassium  solu¬ 
tion  are  run  into  conical  centrifuge  tubes  (15  ml.)  so  that  the  first 
contains  1  ml.,  the  second,  2  ml.,  etc.  The  nine  tubes  are  then 
placed  in  a  drying  oven  and  evaporated  to  dryness. 

The  dried  samples  are  allowed  to  cool  to  room  temperature,  and 
1  ml.  of  freshly  filtered  reagent  is  added  to  each,  using  the  same 
pipet.  The  tubes  are  well  mixed  by  rotating  between  the  palms 
of  the  hands,  and  are  allowed  to  stand  at  a  convenient  tempera¬ 
ture  for  about  2  hours.  A  0.4-ml.  sample  is  then  withdrawn  from 
each,  using  a  blood  pipet,  the  tip  of  which  is  covered  with  a  small 
piece  of  filter  paper  held  in  place  with  a  rubber  band.  The  filter 
paper  is  removed,  the  sample  is  adjusted  to  the  mark,  and  the 
entire  contents  are  rinsed  into  a  100-ml.  volumetric  flask,  and 
made  up  to  the  mark  with  distilled  water.  The  light  transmission 
percentage  is  then  determined.  The  values  obtained  for  the  nine 
standard  samples  and  for  0.4  ml.  of  the  reagent  diluted  to  100 


Table  I.  Determination  of  Potassium 

Tempera- 

K 

K 

ture 

J/Io  X  100 

Found 

in  Sample 

Error 

°  C. 

Mg. 

Mg. 

% 

18 

58.5 

0.621 

0.600 

3.5 

18 

59.0 

0.624 

0.600 

4.0 

22 

55.0 

0.606 

0.600 

1.0 

25 

54.0 

0.600 

0.600 

0.0 

27.5 

53.5 

0.597 

0.600 

-0.5 

27.5 

54.0 

0.600 

0.600 

0.0 

34 

48.5 

0.570 

0.600 

-5.0 

34 

48.5 

0.570 

0.600 

-5.0 
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Table  II.  Determination  of  Potassium 


Time  of 
Standing 
Min. 

2 

5 

15 

60 

125 

180 

24  hours 


I/Io  X  100 

K  Found 
Mg. 

K  in  Sample 
Mg. 

44.0 

0.540 

0.600 

48.0 

0.565 

0.600 

51.5 

0.587 

0.600 

53.5 

0.597 

0.600 

54.0 

0.600 

0.600 

54.0 

0.600 

0.600 

54.0 

0.600 

0.600 

Error 

% 

-10 

-  5.8 

-  2.2 

-  0.5 

0.0 

0.0 

0.0 


sample,  and  the  use  of  a  magnesium  or  sodium  reagent 
might  act  to  increase  the  concentration  of  the  particular  ion  to 
the  point  where  appreciable  coprecipitation  takes  place. 

Because  of  the  variation  of  the  solubility  product  of  the 
potassium  salt  with  temperature,  analyses  should  be  run  at 
about  the  same  temperature  at  which  the  standard  curve  was 
determined.  Table  I  shows  a  series  of  determinations  run  in 
the  same  way,  except  that  they  were  allowed  to  stand  at  differ¬ 
ent  temperatures.  It  can  be  seen  that  the  determination 
should  be  run  within  =*=3  per  cent  of  the  temperature  at  which 


Table  III. 

Determination  in  the  Presence  of  Sodium 

K  in  Sample 

i/I o  x  ioo 

K  Found 

Error 

Mg. 

Mg. 

% 

0  000 

7.5 

0.050 

0  100 

9.5 

0.130 

+  30.0 

0.200 

13.0 

0.210 

+  5.0 

0  300 

19.0 

0.310 

+  3.3 

0.400 

27.0 

0.405 

+  1.25 

0  500 

37.5 

0.505 

+  1.0 

0.600 

55.5 

0.610 

4"  1.6 

6.700 

72.5 

0.710 

+  1.2 

0.800 

84.0 

0.790 

—  1.1 

0.900 

90.0 

0.865 

-  4.0 

ml.  are  plotted  to  give  a  standard  curve,  such  as  the  curve  of 
Figure  3. 

Unknowns  are  determined  by  treatment  in  the  same  manner, 
using  the  same  pipets  used  in  preparing  the  standard  curve,  and 
comparing  the  observed  transmission  percentage  with  it. 

Examination  of  the  plot  of  Figure  3  will  show  that  the  most 
exact  determinations  may  be  made  with  samples  containing 
from  0.3  to  0.8  mg.  in  the  quantity  taken  for  analysis.  How¬ 
ever,  the  photelometer  used  in  this  laboratory  proved  to  give 
results  reproducible  to  0.1  scale  division  in  the  lower  readings, 
and  to  only  0.5  division  in  the  readings  near  100  per  cent  trans¬ 
mission.  (One  division  corresponds  to  1 
per  cent  of  transmitted  light.)  Thus,  samples 
of  0.15  mg.  may  be  read  with  a  reproduci¬ 
bility  of  ±1.3  per  cent,  and  the  optical 
error  of  determining  larger  samples  is  negli¬ 
gible.  The  reproducibility  of  the  results 
using  this  procedure  thus  seems  to  depend 
almost  entirely  on  the  reproducibility  with 
which  the  chemical  procedure  may  be  carried 
out.  It  is  essential,  therefore,  that  for 
highest  accuracy  the  same  pipets  should  be 
used  for  both  the  standards  and  the  un¬ 
knowns,  and  in  the  case  of  the  1-ml.  delivery 
pipet,  a  reproducible  drainage  procedure  is 
also  essential. 

Samples  containing  less  than  0.15  mg.  of 
potassium  in  the  amount  taken  for  analysis 
may  be  determined  by  plotting  a  curve  with 
a  more  dilute  reagent,  or  adding  0.5  mg.  of 
potassium  to  each  sample.  Of  these  two 
alternative  methods,  the  second  is  the  more 
desirable,  since  the  use  of  a  more  dilute  re¬ 
agent  will  lengthen  the  time  necessary  for 
complete  precipitation  and  will  render  the 
determination  more  sensitive  to  temperature 
changes.  On  the  other  hand,  the  addition  of 
0.5  mg.  of  potassium  will  place  the  deter¬ 
mination  in  the  region  of  curve  of  Figure  3 
where  the  optical  error  is  about  ±0.2  per  cent, 
or  ±1.2  per  cent  of  a  100-microgram  sample. 

In  the  work  done  by  the  author,  the 
lithium  salt  of  dipicrylamine  was  used  as  a 
reagent  because  in  some  determinations 
large  quantities  of  magnesium  or  sodium 
may  be  present  in  the  sample  or  may  be 
introduced  during  the  preparation  of  the 


the  standard  was  determined. 

Table  II  shows  a  similar  series  of  determinations  conducted 
at  25°  C.,  using  the  procedure  given  above,  but  varying  the 
time  of  precipitation.  Equilibrium  is  established  in  2  hours  or 
less.  Experiments  conducted  in  the  same  manner,  using  a 
0.25  per  cent  reagent  at  28.5°  C.,  gave  values  which  did  not  be¬ 
come  constant  for  over  4  hours. 

Determination  of  Potassium  in  Presence  of 
Sodium 

Since  the  determination  of  potassium  in  the  presence  of 
large  amounts  of  sodium  is  important,  some  determinations 
were  made  to  find  out  the  effect  of  this  ion.  A  series  of  stand¬ 
ard  potassium  samples  was  prepared,  according  to  the  direc¬ 
tions  given  in  the  procedure.  To  each  of  these,  1  ml.  of 
physiological  saline  (about  3.5  mg.  of  sodium  per  ml.)  was 
added  before  evaporation.  The  results  of  the  subsequent 
analyses  are  shown  in  Table  III. 

Table  III  indicates  that  the  curve  of  Figure  3  may  be  used 
with  samples  containing  between  0.4  and  0.8  mg.  of  potassium 
and  a  sodium  concentration  of  about  3.5  mg.  per  ml.  if  a  cor¬ 
rection  is  applied.  A  better  plan  is  available,  however.  The 
transmission  percentages  of  Table  III  may  be  plotted  to  give  a 


MILLIGRAMS  OF  POTASSIUM 

Figure  3.  Typical  Calibration  Curve  for  Indirect  Procedure  for 

Potassium 
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standard  curve  which  may  be  used  for  the  determination  of  a 
wider  range  of  concentrations.  The  concentration  of  sodium 
should  be  relatively  constant,  but  variations  of  ±  10  per  cent 
or  so  in  the  concentration  will  have  little  effect  on  the  ac¬ 
curacy  of  the  determination.  An  example  of  the  use  of  such  a 
curve  is  in  the  determination  of  potassium  in  blood  plasma, 
in  which  the  sodium  concentration  seldom  varies  more  than 
10  per  cent  from  the  normal  values. 

Application  to  Larger  Quantities 

The  method  outlined  above  can  be  used  for  the  determina¬ 
tion  of  larger  quantities  of  potassium.  Quantities  as  large  as 
80  mg.  may  be  determined  by  using  larger  quantities  of  the 


reagent,  and  taking  0.4  ml.  of  the  supernatant  liquid  for  trans¬ 
mission  analysis.  The  resulting  transmission  percentage  can 
be  compared  with  the  standard  curve,  and  the  result  multi¬ 
plied  by  the  number  of  milliliters  of  reagent  used. 
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Iodine  in  Thyroid 

Elimination  of  Uncertain  End  Point  and  Blank  in  the  U.  S.  P.  XI  Assay 

R.  S.  BURNETT  AND  R.  F.  WARKOW,  Laboratories  of  the  Cudahy  Packing  Company,  Omaha,  Nebr. 


IN  COMMON  with  other  laboratories  the  authors  had 
difficulty  several  years  ago  obtaining  consistent  results  in 
determining  iodine  in  thyroid  by  the  old  U.  S.  P.  X  method. 
At  that  time  the  senior  author  found  that  simple  pH  adjust¬ 
ment  of  the  solution  to  be  titrated  eliminated  the  indefinite 
end  point  and  no  blank  was  obtained  on  the  reagents.  After 
the  U.  S.  P.  XI  method  was  available,  this  refinement  greatly 
improved  its  accuracy  and  precision  also. 

The  work  of  Beal  and  Szalkowski  ( 1 ),  upon  which  the  pres¬ 
ent  U.  S.  P.  XI  method  is  based,  improved  upon  the  older 
method  considerably.  They  devoted  most  of  their  efforts 
to  keeping  the  chlorate  content  of  the  solution  low.  This 
was  done  by  preparing  hypochlorite  from  bleaching  powder 
and  sodium  carbonate  and  by  controlling  the  acidity  with  the 
use  of  definite  amounts  of  hypochlorite  and  acid.  In  so  doing 
they  obtained  a  solution  with  a  higher  pH  than  was  ordinarily 
obtained  by  the  U.  S.  P.  X  method.  This  higher  pH  and 
cooling  the  solution  to  a  definite  temperature  before  titrating 
were  also  important  factors  in  their  improved  procedure. 

However,  by  the  present  U.  S.  P.  XI  method,  as  Beal  and 
Szalkowski  ( 1 )  point  out,  “a  blank  of  0.4  to  0.6  cc.  of  thio¬ 
sulfate  will  be  regularly  obtained  by  the  experienced  opera¬ 
tor.  .  .  .  We  believe  that  if  the  solution  does  not  show  a  return 
of  the  blue  color  until  after  at  least  30  seconds  the  true  end 
point  has  been  reached.” 

Hilty  and  Wilson  (3)  recently  proposed  a  new  procedure 
based  on  cerate  oxidimetry  and  expressed  the  opinion  that  in¬ 


consistent  results  obtained  by  the  present  U.  S.  P.  XI  method 
are  due  to  technical  difficulties  in  eliminating  excess  chlorine. 

Recent  difficulties  in  checking  with  other  laboratories  and 
their  eventual  ability  to  check  the  authors’  results  when  the 
suggested  modification  was  used  lead  the  authors  to  believe 
that  a  note  should  be  published  regarding  this  refinement. 
If  the  uncertain  end  point  and  blank  can  be  eliminated,  there 
is  an  advantage  in  retaining  the  present  method  because  of 
the  recognized  sharpness  of  the  starch-iodine  end  point. 

This  modified  U.  S.  P.  XI  thyroid  method  has  recently 
been  found  more  accurate  and  less  time-consuming  than 
existing  procedures  for  determining  iodine  in  mineral  feeds 
for  livestock.  It  is,  however,  necessary  to  use  a  5.0-gram 
sample  and  to  remove  the  insoluble  material  present  by 
filtration  after  the  soluble  material  has  been  dissolved  from 
the  fused  mineral  feed  sample. 

Modified  Method 

Reagents.  These  reagents  are  required  in  addition  to  those 
given  in  the  U.  S.  P.  XI  assay  for  iodine  in  thyroid. 

Thymol  blue,  0.4  per  cent.  One  gram  of  thymol  blue  powder 
is  ground  in  an  agate  mortar  with  21.5  cc.  of  0.1  N  sodium 
hydroxide  plus  enough  water  to  dissolve  the  dye  and  is  finally 
diluted  to  250  cc.  This  is  ten  times  the  concentration  of  the 
ordinary  Clark  and  Lubs  indicator  solutions. 

Sodium  hydroxide,  approximately  50  per  cent  solution. 

Procedure.  The  procedure  is  the  same  as  the  present  U. 
S.  P.  XI  assay  for  iodine  in  thyroid  up  to  the  addition  of  the 
potassium  iodide.  Before  it  is  added,  the  pH  of  the  solution  is 


Table  I.  Effect  of  Varying  pH 

(Comparison  of  results  obtained  on  1.0  gram  of  powdered  thyroid  at  different  hydrogen-ion  concentrations  of  the  solution  titrated.  U.  S.  P.  XI  method 

used  except  for  refinements  mentioned.) 


Color  of  Solution 
(Thymol  Blue  Used 

Glass  Elec¬ 
trode  pH 

iV/200  X  1.046 
Sodium 

Procedure 

for  Indicator) 

Reading 

Thiosulfate 

Cc. 

Blank 

Cc. 

Iodine 

% 

Remarks 

U.  S.  P.  XI  all  the  way 

Strong  pink 

2.2 

24.6 

25.1 

0.2 

0.2 

0.270 

0.275 

Blue  starch-iodine  color 
returned  in  1  to  2  min¬ 
utes 

Recommended  pH  and 
temperature 

Just  barely  pink 

2.6 

24.2 

24.2 

None 

None 

0.265 

0.265 

No  return  of  blue  color 
at  end  of  30  minutes 

Above  optimum  pH 
recommended,  tem¬ 
perature  of  33°  C. 

Yellow 

3.1 

24.2 

None 

0.265 

Reaction  slow  and  10 
minutes  required  to 
reach  stable  end  point 

pH  lowered  below  opti¬ 
mum  with  20  cc. 
phosphoric  acid  (1  to 

1)  (approx.  pH  as 
with  old  U.  S.  P.  X 

Red 

1 . 5 

25.7 

Indefinite 

0.284 

Color  returned  in  a  few 
seconds  and  after  5 
minutes  an  additional 
1.0  cc.  of  thiosulfate 
solution  over  the  25.7 

method)  was  required 
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Table  II.  Accuracy  of  Method 

(Potassium  iodide  equivalent  to  2.0  mg.  of  iodine  used,  instead  of  powdered  thyroid,  at  different  hydrogen-ion 
concentrations  of  solution  titrated.  U.  S.  P.  XI  method  except  for  refinements  mentioned.) 

Color  of  Solution 
(Thymol  Blue  Used 
for  Indicator) 


Procedure 

U.  S.  P.  XI  all  the 
way 

Recommended  pH 
and  temperature 
pH  lowered  below  op¬ 
timum  with  20  cc. 
of  phosphoric  acid 
(1  to  1) 


Strong  pink 
Just  barely  pink 
Red 


AT/200  X  1.046 
Sodium 
Thiosulfate 

Blank 

Iodine 

Recovery 

Cc. 

Cc. 

Mg. 

% 

18.4 

0.2 

2.014 

100.7 

18.7 

0.2 

2.047 

102.35 

18.0 

None 

1.992 

99.6 

18.0 

None 

1.992 

19.3 

Indefinite 

2.136 

106.8 

18.9 

2.092 

104.6 

adjusted  by  adding  5  drops  of  the  thymol  blue  indicator  solution 
and  then  50  per  cent  sodium  hydroxide  until  the  solution  is 
barely  on  the  pink  side.  This  corresponds  to  the  T.  B.  color 
of  pH  2.2  to  2.4  on  the  Clark  color  chart  and  can  best  be  de¬ 
scribed  as  a  salmon  pink.  The  actual  pH  measured  with  a  glass 
electrode  is  about  2.6.  The  discrepancy  between  electrometric 
and  colorimetric  readings  is,  of  course,  due  to  a  colorimetric 
salt  error.  Any  uncertainty  as  to  this  color  the  first  few  times 
the  test  is  made  can  be  avoided  by  making  the  solution  yellow 
and  bringing  back  just  to  salmon  pink  with  phosphoric  acid 
(1  to  1).  The  temperature  of  the  solution  is  adjusted  to  32°  to 
34°  C.,  the  potassium  iodide  is  added,  and  the  titration  is  made 
with  thiosulfate  solution  in  the  usual  manner. 

The  pink  color  of  the  indicator  does  not  interfere  with  the 
iodine-starch  end  point.  If  any  find  its  presence  objectionable, 
they  can  use  the  thymol  blue  as  an  outside  indicator.  It  is  also 
likely  that  thymol' blue  test  papers  could  be  successfully  em- 

P^The  U.  S.  ?.  method  calls  for  the  titration  to  be  made  at  about 
25°  C.  When  alkali  is  added  to  raise  the  pH,  the  25°  C.  of  the 
U.  S.  P.  method  rises  to  about  33°  C.  and  best  results  are  obtained 
at  this  higher  temperature.  If  a  higher  temperature  is  not  used 
at  the  higher  pH,  the  liberation  of  iodine  proceeds  slowly  when 
the  potassium  iodide  is  added. 

The  hypochlorite  made  according  to  the  older  U.  b.  r.  A  and 
hypochlorite  made  in  the  packing-house  sanitary  department 
from  commercial  chemicals  all  give  satisfactory  results  when  the 
method  is  modified  by  pH  adjustment.  Others  may  have  con¬ 
venient  sources  of  hypochlorite  which,  when  adjusted  to  a  chlorine 
content  of  about  2.5  per  cent  will  make  its  special  preparation 
unnecessary. 

Experimental 

The  experimental  work  presented  is  representative  of  con¬ 
siderable  data  accumulated  on  this  subject  over  a  period  of 
years.  In  all  cases  the  results  have  consistently  pointed  in  the 
same  direction.  An  analyst  will  invariably  check  himself 
within  0.1  cc.  and  two  analysts  will  not  ordinarily  differ 
more  than  0.2  cc.  (0.1  per  cent)  by  the  modified  procedure. 

In  Table  I  is  shown  the  effect  of  varying  the  pH  of  the 
solution  to  be  titrated  from  the  low  pH  encountered  in  the 
old  U.  S.  P.  X  method  up  to  a  pH  above  the  optimum.  Elec¬ 
trometric  pH  readings  were  made  for  comparison  with  the 
colors  of  the  various  solutions.  The  present  U.  S.  P.  pro¬ 
cedure  gives  solutions  which  vary  in  pH  from  2.0  to  2.4 
even  with  careful  measurements  of  the  same  set  of  reagents. 
The  electrometric  pH  readings  of  the  adjusted  solutions  will 
vary  between  2.5  and  2.7.  The  figure  2.6  given  is  therefore 
an  average  pH.  The  table  is  self-explanatory . 

Table  II  shows  that  the  accuracy  of  the  refined  method  is 
good. 

Table  III  shows  that  the  absence  of  a  blank  at  the  recom¬ 
mended  pH  is  not  due  to  lack  of  sensitivity  to  small  quantities 
of  iodine.  Recovery  was  good  up  to  and  including  a  pH  of 
3.0  and  with  only  0.2  cc.  of  0.005  N  iodate. 

Using  the  recommended  procedure,  significant  amounts  of 
iodine  in  the  reagents  used  would  appear  in  the  blank  and 
would  have  meaning;  whereas,  by  the  U.  S.  P.  XI  method, 
blanks  on  the  same  reagents  are  apt  to  be  variable  and  there¬ 
fore  of  doubtful  value. 


Likely  Cause  of  Uncer¬ 
tain  End  Point 

The  fact  that  the  authors 
obtain  no  blank  by  their 
method  would  seem  to  elimi¬ 
nate  the  possibility  that  re¬ 
sidual  chlorine  is  at  fault. 

Hojer  (4)  claims  that  the 
errors,  when  chlorine  is  used 
to  oxidize  iodides  to  iodates, 
are  due ,  to  residual  chlorates 

_  and  perchlorates,  and  that 

slight  effects  can  be  caused 
by  the  oxygen  of  the  air  in 
acid  solution.  While  Hojer  realized  that  the  effect  of  the 
oxygen  in  the  air  could  be  minimized  by  the  control  of  acidity, 
he  did  not  realize  that  the  interference  of  chlorates  could 
be  avoided  if  the  pH  was  high  enough.  He  finally  resorted 
to  the  use  of  bromine  for  his  oxidations. 

Bray  (2)  found  that  within  certain  limits  the  rate  at  which 
iodine  is  liberated  in  solutions  containing  potassium  chlorate, 
potassium  iodide,  and  hydrochloric  acid  is  proportional  to 
the  concentration  of  the  chlorate  and  to  the  square  of  the 
concentration  of  the  hydrogen  ion,  and  is  a  linear  function  of 
the  concentration  of  the  chloride  ion  and  of  potassium 
iodide. 

It  appears,  therefore,  that  the  liberation  of  iodine  from 
iodides  by  chlorates  at  the  pH  of  the  U.  S.  P.  titration  is 
slow  and  incomplete  but  is  sufficient  to  make  the  end  point 
uncertain.  This  effect  is  increased  by  lowering  the  pH  or  in¬ 
creasing  the  chlorate  content  of  the  solution.  When  the 
pH  of  the  solution  is  raised  to  about  2.6,  the  reaction  proceeds 
so  slowly  that  the  amount  of  chlorate  ordinarily  present  does 
not  interfere  and  no  blank  is  obtained  on  the  reagents.  This 
pH  is,  however,  low  enough  for  the  desired  quantitative  re¬ 
action  between  the  iodide  and  the  iodate. 


Table  III.  Recovery  of  Small  Amounts  of  0.005  N  Iodate 

Solution 

[In  150  cc.  of  water  adjusted  to  various  pH  values  with  phosphorio  acid 
(1  to  1)  and  titrated  with  0.005  N  sodium  thiosulfate  at  32  to  34  G.J 


pH  of  Solution 

0.005  A 

0.005  N 

(Glass  Electrode) 

Potassium  Biiodate 

Sodium  Thiosulfate 

Cc. 

Cc. 

2.98 

0.50 

0.50 

2.70 

0.50 

0.50 

2.64 

0.50 

0.50 

2.38 

0.50 

0.50 

3.00 

0.30 

0.30 

2.82 

0.20 

0.20 

Summary 

The  uncertain  end  point  and  the  blank  are  eliminated  and 
accurate  results  obtained  by  the  U.  S.  P.  XI  assay  for  iodine 
in  thyroid  when  the  pH  is  adjusted  to  about  2.5  to  2.7  and 
the  temperature  to  about  33°  C.  before  titration. 

Preliminary  investigation  of  the  use  of  this  modified 
method  for  determining  iodine  in  mineral  feeds  has  indicated 
possibilities  for  use  in  other  fields. 
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Electrolytic  Determination  of  Copper  in  Steel 

H.  A.  FREDIANI1  AND  C.  H.  HALE2,  Louisiana  State  University,  University,  La. 


AS  EARLY  as  1910  Blasdale  and  Cruess  (2)  remarked  that 
the  electrolytic  determination  of  copper  had  been  studied 
since  18G4  and  that  the  literature  on  the  method  was  volu¬ 
minous.  The  literature  has  been  greatly  increased  since  that 
time  and  a  comprehensive  review  would  be  a  major  report  in 
itself.  Numerous  publications  have  dealt  with  the  electro¬ 
lytic  separation  of  copper  from  iron-bearing  solutions,  but 
few  have  had  to  do  with  the  actual  concentration  proportions 
met  in  the  analysis  of  copper-bearing  steels  and  cast  iron. 
Present  practice  appears  to  be  based  upon  the  separation  of 
copper  as  the  sulfide,  followed  either  by  its  oxidation  and 
weighing  as  cupric  oxide  or  resolution  of  the  cupric  sulfide 
and  electrolysis  of  the  resultant  iron-free  solution. 

The  presence  of  ferric  ion  during  the  electrolytic  deposition  of 
copper  is  undesirable  (£>),  inasmuch  as  there  is  a  strong  tendency 
for  the  iron  to  be  reduced  to  the  ferrous  state  and  thus  either 
prevent  the  deposition  of  copper  or  retard  it  to  such  an  extent  as 
to  make  the  separation  impracticable.  Removal  of  the  iron  by 
neutralization  with  ammonia  and  filtration,  as  recommended  by 
Schong  (9),  followed  by  electrolysis  of  the  acidified  filtrate,  is  a 
tedious  procedure  at  best.  This  is  especially  true  in  the  analysis 
of  low-copper  samples,  since  Toporescu  ( 12 )  has  shown  that 
copper  is  occluded  to  an  appreciable  extent  under  these  condi¬ 
tions,  thus  making  double  precipitation  necessary.  The  same 
remarks  apply  to  the  method  suggested  by  Fife  and  Torrance  (5). 

The  preferential  solubility  of  iron  by  dilute  sulfuric  acid  has 
been  suggested  by  Anderson  and  Swett  (1)  as  a  means  of  effecting 
a  separation  of  iron  from  copper  in  steel.  The  copper  remains 
in  the  undissolved  residue,  which  is  then  dissolved  in  nitric  acid, 
and  the  resultant  solution  is  electrolyzed.  Unfortunately,  many 
samples  are  difficult  to  dissolve  by  the  mere  use  of  sulfuric  acid. 
Furthermore,  Zinberg  (IS),  who  took  great  pains  to  exclude  air 
during  the  solution  process,  found  that  some  of  the  copper  was 
invariably  lost  in  the  filtrate.  He  nevertheless  claimed  satis¬ 
factory  results  with  samples  containing  from  0.5  to  5  per  cent  of 
copper  by  dissolving  out  the  iron  with  sulfuric  acid  in  a  carbon 
dioxide  atmosphere  and  igniting  the  residue  to  cupric  oxide  in  a 
porcelain  crucible. 

Effective  removal  of  the  iron  by  the  formation  of  ferric  com- 

lexes  has  often  been  resorted  to  for  analytical  separations. 

mith  (10, 11)  and  Fernberger  and  Smith  (4)  discussed  the  use  of 
phosphoric  acid  for  this  purpose  at  an  early  date,  although  the 
proportions  of  iron  to  copper  investigated  were  small  as  com¬ 
pared  to  actual  conditions  obtaining  for  present-day  alloys. 
Fatnberg  and  Troitzkaya  (3)  used  potassium  hydrogen  fluoride 
for  the  formation  of  the  FeF6  complex,  although  they  did  not 
investigate  the  feasibility  of  subsequent  electrolytic  removal  of 
copper  from  such  a  solution.  Hoar  (7)  prevented  the  inter¬ 
ference  of  ferric  ion  with  the  colorimetric  determination  of 
copper  by  using  citric  acid,  ammonia,  and  gum  arabic,  or  sodium 
pyrophosphate. 

Method 

The  procedures  used  involve  relatively  rapid  dissolution  of 
the  sample  steel,  combined  with  the  addition  of  phosphate  or 
fluoride  ion  to  tie  up  any  ferric  ion  that  may  be  formed.  The 
resultant  solution  is  then  electrolyzed  at  a  rather  high  current 
density  while  being  maintained  at  a  relatively  low  tempera¬ 
ture. 

Apparatus.  The  electroanalyzer  used  for  plating  the  copper 
was  a  rather  old  Fisher,  single-spindle  model  which  has  been  in 
use  for  many  years  in  one  of  the  advanced  undergraduate  labora¬ 
tories. 

For  electrolysis  of  the  copper-bearing  solution  the  vessel  shown 
in  Figure  1  (obtainable  from  the  Fisher  Scientific  Company, 
Pittsburgh,  Penna.)  has  been  found  most  satisfactory.  Cir¬ 
culation  of  ice  water  through  the  outer  jacket  dining  passage  of 


1  Present  address,  Fisher  Scientific  Company,  Pittsburgh,  Penna. 

8  Present  address,  Standard  Oil  Company  of  Louisiana,  Baton  Rouge, 
La. 


the  current  permits  the  use  of  high  current  densities  without 
overheating  the  solution.  With  this  cell,  after  complete  deposi¬ 
tion  of  the  metal,  the  electrodes  may  be  conveniently  washed  by 
opening  the  stopcock  and  gradually  displacing  the  electrolysis 
solution  with  distilled  water  until  zero  current  is  registered 
on  the  ammeter. 


vo 


Figure  1.  Diagram  of  Apparatus 


Procedure.  For  relatively  easily  soluble  samples  the  fol¬ 
lowing  procedure  was  used: 

A  sample  between  1  and  5  grams  (depending  upon  the  copper 
concentration)  was  weighed  into  a  400-ml.  beaker.  Five  milli¬ 
liters  each  of  concentrated  sulfuric  and  sirupy  phosphoric  acid 
were  added,  followed  by  250  ml.  of  distilled  water.  Gentle 
warming  for  15  to  30  minutes  usually  effected  solution.  The 
resultant  solution  was  then  filtered  into  the  electrolysis  vessel, 
5  ml.  of  a  saturated  disodium  phosphate  and  5  ml.  of  a  20  per  cent 
ammonium  sulfate  solution  were  added,  and  the  solution  was 
electrolyzed  at  3  volts  and  2.5  to  3.5  amperes  for  one  hour.  The 
anode  stirrer  rotated  at  500  r.  p.  m.  For  samples  more  difficult 
to  dissolve,  5  ml.  of  nitric  acid  were  initially  added  with  the  sul¬ 
furic  acid.  When  reaction  ceased  the  solution  was  evaporated 
until  crystallization  started,  then  cooled,  diluted  to  250  ml.,  and 
filtered. 

An  alternative  procedure  which  also  yielded  satisfactory  results, 
especially  with  samples  ordinarily  difficult  to  dissolve,  is  the  fol¬ 
lowing:  The  sample  (from  1  to  5  grams)  is  weighed  into  a  100- 
ml.  platinum  dish.  An  acid  mixture  consisting  of  5  ml.  each  of 
concentrated  sulfuric,  nitric,  and  hydrofluoric  acids  and  20 
ml.  of  distilled  water  is  slowly  added.  All  samples  that  have 
been  tried  up  to  the  present  appear  to  dissolve  very  rapidly. 
After  reaction  has  appeared  to  cease,  the  solution  is  gently 
warmed  for  5  minutes  and  then  diluted,  filtered,  and  placed  in 
the  electrolysis  vessel. 
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Table  I.  Determination  of  Copper 

Average  Deviation  Other  Major 


Sample 

B.  of  S. 
Value 

% 

Phosphate 

method 

% 

Fluoride 

method 

% 

Constituents 

Present 

% 

115,  Cu-Ni-Cr 
cast  iron 

6.44 

6.46  ±0.06 

(14  detns.) 

6.45  ±0.02 
(11  detns.) 

Cr 

Si 

Ni 

(2.17) 

(1.60) 

(15.89) 

5g,  cast  iron 

1.44 

1.44  ±0.02 

(7  detns.) 

1.43  ±0.01 
(7  detns.) 

Si 

(1.84) 

13c,  open-hearth 
steel 

0.165 

0.169  ±  0.003 
(7  detns.) 

0.160  ±0.02 
(6  detns.) 

73, stainless  steel 

0.033 

0.033  ±  0.002 
(4  detns.) 

0.038  ±0.00 
(4  detns.) 

Cr 

(13.93) 

106,  Cr-Mo-Al 
steel 

0.142 

0.140  ±0.01 
(3  detns.) 

Cr 

A1 

(1.29) 

(1.06) 

125,  high-silicon 
steel 

0.06 

0.067  ±  0.007 
(2  detns.) 

Si 

(4.98) 

Discussion 

The  temperature  of  the  solution  within  the  electrolysis 
vessel  has  been  easily  maintained  at  10°  C.  or  lower,  even  with 
the  use  of  6  amperes  with  a  gauze  electrode  of  approximately 
30  sq.  cm.  surface.  This  prevents  the  deleterious  effects  of 
nitric  acid  and  high  temperatures  suggested  by  Pan  (8)  and 
Geloso  and  Deschamps  (6),  who  found  that  above  30°  C. 
copper  could  not  be  deposited  quantitatively  from  an  acid 
solution.  With  cooling,  a  current  efficiency  of  66  per  cent 
was  obtained  with  a  3-ampere  current,  whereas  under  the 
same  conditions  but  without  cooling  the  efficiency  (deter¬ 
mined  on  synthetic  solutions)  was  found  to  be  44  per  cent. 
Using  a  solution  with  approximately  equivalent  amounts  of 
acidified  ferric  and  cupric  sulfates,  no  copper  could  be  ob¬ 
tained  by  plating  for  40  minutes  from  the  uncooled  cell  (the 
temperature  reaching  38°),  whereas  at  8°  in  the  same  time 
0.3824  gram  of  copper  was  obtained. 

Results 

Very  gratifying  results  were  obtained  with  the  above 
methods  on  the  National  Bureau  of  Standards  samples  avail¬ 


able.  The  results  obtained  in  successive  analyses  are  shown 
in  Table  I. 

The  averages  and  deviations  are  based  on  all  the  analyses 
made  for  each  sample  and  are  not  averages  of  picked  results. 

Analyses  made  for  M.  C.  Schwartz  of  the  Gulf  States 
Utilities,  Baton  Rouge,  La.,  on  private  samples  also  checked 
well  with  results  obtained  in  his  laboratory  by  the  copper 
sulfide-oxide  method. 

Conclusions 

An  electrolytic  method  for  the  quantitative  determination 
of  copper  in  ferroalloys  has  been  found, to  yield  satisfactory 
results  on  Bureau  of  Standards  samples  representing  a  wide 
range  of  copper  concentrations.  Using  a  special  cell  for 
temperature  control  of  the  electrolysis  solution  and  either 
fluoride  or  phosphate  ion  for  suppressing  the  effect  of  ferric 
ion  on  copper  deposits,  the  copper  may  be  plated  without 
previous  chemical  separation.  By  this  method  the  time- 
consuming  filtration  of  hydroxide  or  sulfide  precipitates  is 
obviated. 
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Identification  of  Primary  Aliphatic  Amides  as  Oxalates 

C.  A.  MACKENZIE  AND  W.  T.  RAWLES,  University  of  Nevada,  Reno,  Nevada 


IT  HAS  long  been  known  that  amides  will  form  salts  with 
certain  acids — for  example,  hydrochlorides  are  formed 
when  dry  hydrogen  chloride  is  passed  into  dry  ether  solutions 
of  amides.  Urea  oxalate  is  a  water-stable  compound  of  this 
type.  Titherley  (2)  prepared  a  benzamide  oxalate  (2  amide 
to  1  acid)  and  a  benzamide  succinate  (2  amide  to  1  acid)  in 
water. 

The  present  investigation  was  undertaken  to 
determine  whether  the  common  primary  aliphatic 
amides  would  form  stable  compounds  with 
oxalic  acid.  In  the  early  stages  of  the  work  un¬ 
successful  attempts  were  made  to  prepare  the 
compounds  in  water.  Although  four  different 
amides  were  tried  (formamide,  acetamide,  pro- 
pionamide,  n-valeramide)  an  identical  product 
resulted  in  each  case — ammonium  tetroxalate. 

The  expected  compound  formation  took  place 
only  under  anhydrous  conditions. 

Table  I  lists  the  compounds  prepared  with 
their  analytical  data.  The  same  products  were 


obtained  when  the  reagents  were  mixed  in  the  ratio  of  1  acid 
to  2  amide  or  1  acid  to  1  amide.  The  acetamide  and  propion- 
amide  derivatives  were  stable  enough  to  have  their  molecular 
weights  checked  by  the  Rast  (1)  camphor  method.  Widely 
varying  results  were  obtained  with  the  other  compounds. 

Ethyl  acetate  was  found  to  be  a  satisfactory  crystallizing 


Table  I.  Compounds  Prepared 


Ratio  of 

Amide  to 

Nitrogen 

Oxalate 

Acid 

Calcd. 

Found 

% 

% 

Formamide 

2:1 

15.58 

15.61 

Acetamide 

1:1 

9.39 

9.37 

Propionamide 

1:1 

8.58 

8.54 

n-Butyramide 

2:1 

10.59 

10 . 35 

n-Valeramide 

2:1 

9 . 58 

9.41 

7?-Caproamide 

2:1 

8.75 

8.11 

a  Molecular 

weights:  acetamide 

calcd. 

ound  160. 
b  NaOH  titration. 
c  KMnOi  titration. 


Melting 
Point  (Cor.) 
°  C. 

107.4-107.7 

127.3 

80.8-81.0 

65.9-66.2 

61.1- 61.4 

71.1- 71.3 


Equivalent  Weight*2 
Calcd.  Founds  Found** 


90 

75 

82 

132 

146 

160 


91 

75 

81 

133 

145 

161 


90 

76 

81 

132 

146 

158 


149,  found  150;  propionamide  calcd.  163, 
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solvent  for  all  the  compounds  with  the  exception  of  the  un¬ 
usually  soluble  n-butyramide  derivative. 

Numerous  unsuccessful  attempts  were  made  to  prepare 
a  derivative  of  isobutyramide. 

Experimental 

Ammonium  Tetroxalate.  Place  in  a  test  tube  1  gram  of 
amide,  1  gram  of  oxalic  acid  (any  ratio  of  amide  to  acid  appears 
to  produce  the  same  result),  and  5  ml.  of  water.  Heat  the 
mixture  in  a  boiling  water  bath  for  5  minutes.  Crystallize  the 
ammonium  tetroxalate  by  placing  the  tube  in  an  ice  bath.  Melt¬ 
ing  point  129.5-130.5°  C.  corrected. 

Amide  Oxalates.  Place  in  an  Erlenmeyer  flask  1  gram  of 
amide,  the  calculated  quantity  of  anhydrous  oxalic  acid  (based 
on  the  ratio  of  amide  to  acid  in  the  compound  being  prepared), 
and  2  ml.  of  ethyl  acetate.  Warm  the  mixture  to  60°  to  65°  C. 
in  a  water  bath  and  add  ethyl  acetate  1  ml.  at  a  time  until  no 
further  solution  is  perceived.  The  time  involved  in  the  heating 
and  the  addition  of  the  ethyl  acetate  need  not  exceed  10  minutes. 
Two  to  20  ml.  of  ethyl  acetate  may  be  needed,  depending  on  the 
amide  used.  At  this  point  the  solution  may  be  cloudy  or  may  con¬ 
tain  a  small  amount  of  an  insoluble  residue  of  an  undetermined 
nature.  Filter  the  hot  solution  and  cool  the  filtrate  in  an  ice  bath 
until  the  product  crystallizes.  The  derivatives  may  be  recrystal¬ 
lized,  if  necessary,  from  a  minimum  quantity  of  ethyl  acetate 
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at  60°  to  65°  C.  Dry  the  crystals  in  a  desiccator  filled  with  sul¬ 
furic  acid. 

Increasing  the  time  of  heating  or  raising  the  temperature  tends 
to  increase  the  quantity  of  the  undesirable  insoluble  residue 
mentioned  above. 

Analytical  Data.  Equivalent  weights  were  determined  by  ti¬ 
tration  with  sodium  hydroxide  and  with  potassium  permanganate 
according  to  the  usual  procedures.  Nitrogen  was  determined  by 
treating  the  compounds  with  sodium  hydroxide,  collecting  the 
ammonia  evolved  in  standard  acid,  and  titrating  the  excess  acid 
with  standard  base.  The  amides  above  propionamide  showed  in¬ 
creasing  resistance  toward  hydrolysis  with  sodium  hydroxide. 
The  low  value  for  the  caproamide  derivative  was  obtained  after 
6  hours’  digestion  with  the  usual  Kjeldahl  mixture  of  sulfuric  acid, 
copper  sulfate,  and  potassium  sulfate. 

These  compounds  should  be  particularly  useful  in  qualita¬ 
tive  organic  analysis,  since  they  are  easily  and  quickly  pre¬ 
pared,  are  stable  in  a  dry  form,  and  may  be  titrated  with  a 
base  or  with  potassium  permanganate. 
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Studies  of  Organic  Reagents  and  Methods 

Involving  Their  Use 

Indirect  Volumetric  Determination  of  Metals  Precipitated 
by  Organic  Reagents  of  the  Oxime  Type 
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Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


THE  volumetric  methods  that  have  previously  been  de¬ 
veloped  for  the  indirect  estimation  of  metals  in  the  pre¬ 
cipitates  which  they  form  with  various  oximes  have  been 
based  upon  the  decomposition  of  the  compound  to  yield  hy- 
droxylamine,  and  the  indirect  volumetric  estimation  of  the 
latter  by  a  permanganate  procedure.  For  example,  copper 
salicylaldoxime  may  be  decomposed  by  heating  with  acid  in 
the  presence  of  an  excess  of  a  ferric  salt.  The  salicylaldehyde 
volatilizes  and  the  hydroxylamine  is  oxidized  by  ferric  ion  to 
yield  nitrous  oxide;  the  equivalent  quantity  of  ferrous  ion 
which  is  formed  in  the  reaction  is  titrated  with  standard  po¬ 
tassium  permanganate.  Tougarinoff  (13)  devised  this  method 
and  reported  good  results  with  both  copper  salicylaldoxime 
and  nickel  dimethylglyoxime.  The  process  has  also  been 
applied  to  copper  a-benzoin  oxime  (4)- 

The  method  presented  here  is  essentially  a  bromate-arsenite 
method  for  hydroxylamine  that  is  applicable  to  the  estimation 
of  metals  in  various  types  of  oxime  precipitates.  Data  are 
presented  upon  the  application  of  the  process  to  copper  sali¬ 
cylaldoxime,  copper  a-benzoin  oxime,  and  nickel  dimethyl¬ 
glyoxime.  The  volumetric  process  is  believed  to  be  of  general 
utility  in  the  estimation  of  oximes  or  in  the  indirect  estimation 
of  metals  which  are  precipitated  by  the  various  oximes. 
Since  ferric  ion  oxidizes  hydroxylamine  only  to  the  nitrous 
oxide  stage,  whereas  bromate  oxidizes  hydroxylamine  to 
form  nitrate,  there  is  a  more  favorable  ratio  of  standard  solu¬ 
tion  used  per  unit  weight  of  metal  in  the  latter  method.  With 
certain  types  of  oximes — e.  g.,  salicylaldoxime — there  is  pos- 

1  Present  address,  Department  of  Chemistry,  University  of  Rochester, 
Rochester,  N.  Y. 


sible  oxidation  or  bromination  of  the  aldehyde  that  is  formed 
in  the  decomposition  of  the  precipitate,  with  consequent  gain 
in  sensitivity  of  the  method. 

Materials  and  Apparatus 

Potassium  bromate  of  Merck’s  reagent  grade  was  twice  re¬ 
crystallized  from  water,  dried  at  150°  C.,  pulverized,  and  heated 
several  hours  longer  at  the  same  temperature.  Solutions  pre¬ 
pared  from  this  stock  were  standardized  against  arsenious  oxide 
from  the  National  Bureau  of  Standards  according  to  a  standard 
procedure  (7).  Two  bromate  solutions  thus  prepared  had 
normalities  of  (a)  0.1155,  0.1156,  and  0.1155,  average  0.1155;  and 
(b)  0.1239,  0.1238,  and  0.1239,  average  0.1239. 

Arsenious  Acid.  Arsenic  trioxide  of  reagent  grade  was 
dissolved  in  sodium  hydroxide  solution,  then  acidified  with  hydro¬ 
chloric  acid.  Solutions  thus  prepared  were  standardized  by 
titration  with  previously  standardized  potassium  bromate  solu¬ 
tion. 

Hydroxylamine  hydrochloride,  salicylaldoxime  (m.  p.  53.5- 
55°  C.  uncorrected),  and  a-benzoin  oxime  (m.  p.  149-151°  C. 
uncorrected,  3)  were  from  the  Eastman  Kodak  Company.  Di¬ 
methylglyoxime  obtained  from  both  Merck  and  Kahlbaum  was 
used  in  the  form  of  a  1  per  cent  solution  in  alcohol.  The  salicyl¬ 
aldoxime  solution  contained  1  gram  of  the  reagent  per  100  ml.  of  5 
per  cent  alcohol. 

Copper  Sulfate.  Merck’s  reagent  grade  copper  sulfate  suf¬ 
ficient  to  give  about  2  grams  of  copper  per  liter  was  used  for  a 
copper  solution,  which  was  standardized  electrolytically  (14)- 
Found  per  25  ml.:  0.0498,  0.0498,  0.0497  gram. 

Nickel  Solution.  Nickel  nitrate  of  reagent  grade  was  used 
to  prepare  solutions  which  were  standardized  by  the  gravimetric 
dimethylglyoxime  procedure  (5).  Found  for  solution  a:  0.0101, 
0.0100,  0.0101,  and  0.0101  gram  per  5.00  ml.;  for  solution  b: 
0.0112,  0.0112,  and  0.0112  gram  per  10.00  ml. 

Calibrated  volumetric  ware  and  weights  were  used.  In 
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Table  I.  Estimation  of  Hydroxylamine  by  Bromate- 
Arsenite  Procedure 


NHsOH 

Present 

0.1  AT  KBrOa 
Required 

NHsOH 

Found 

Difference 

Mg. 

Ml. 

Mg. 

Mg. 

1.80 

3.25 

1.79 

-0.01 

1.80 

3.26 

1.79 

-0.01 

1.80 

3.32 

1.83 

0.03 

9.28 

16.85 

9.27 

-0.01 

9.28 

16.97 

9.34 

0.06 

9.28 

16.92 

9.31 

0.03 

19.07 

34.65 

19.07 

0.00 

19.07 

34.54 

19.00 

-0.07 

19.07 

34.51 

18.99 

-0.08 

measuring  some  of  the  smaller  volumes  of  solutions  a  calibrated 
5.000-ml.  microburet  was  used. 

Bromate-Arsenite  Procedure  for  Hydroxylamine 

The  estimation  of  hydroxylamine  with  bromate  was  tested 
under  two  sets  of  conditions  at  an  acid  concentration  of  3  to 
4  A.  In  the  first  a  bromate-bromide  mixture  was  used  for 
the  oxidation  (12),  while  in  the  second  bromate  alone  was 
allowed  to  act  in  the  3  to  4  A  hydrochloric  acid  solution  (8). 
In  each  case  the  process  was  completed  by  the  potassium 
iodide-thiosulfate  procedure  for  the  estimation  of  the  excess 
bromate. 

For  the  purposes  of  this  study  the  potassium  iodide— thio¬ 
sulfate  method  for  the  back-titration  was  found  to  be  unde¬ 
sirable  in  the  presence  of  copper,  and  hence  the  excess  of 
bromate  was  reduced  by  adding  a  measured  volume  of  stand¬ 
ard  arsenious  acid;  the  excess  of  the  latter  was  titrated  with 
standard  potassium  bromate,  using  methyl  orange  indicator. 
The  reactions  are : 

BrOi-  +  NH2OH  =  NOr  +  Br“  +  H20  +  H  + 

and 

BrOr  +  3  As111  +  6H+  =  Br~  +  3Asv  +  3H20 

The  hydroxylamine  is  first  oxidized  by  a  measured  excessive 
quantity  of  standard  bromate  in  3  to  4  A  hydrochloric  acid 
solution.  The  maximum  amount  of  hydroxylamine  that 
should  be  present  in  any  determination  is  20  mg. 

A  solution  of  hydroxylamine  hydrochloride  was  prepared 
to  test  the  validity  of  the  bromate-arsenite  procedure.  This 
solution  was  standardized  by  titration  with  freshly  standard¬ 
ized  sodium  hydroxide  solution,  using  phenolphthalein  indi¬ 
cator  (9).  The  sodium  hydroxide  was  standardized  against 
constant  boiling  hydrochloric  acid.  The  aliquots  were  25.10 
ml.  each,  and  the  results  were: 

0.0836  N  NaOH  used.  ml.  17.09,  17.06,  17.11,  17.10 

NHsOH,  mg.  per  25.1  ml.  47 .19,47.11,  47.25,47.22 

Av.  47.19 

Bromate-Arsenite  Procedure.  Aliquot  portions  of  the 
hydroxylamine  hydrochloride  solution  were  placed  in  250-ml. 
glass-stoppered  Pyrex  Erlenmeyer  flasks,  and  50  ml.  of  cold 
6  A  hydrochloric  acid  added  to  each.  A  measured  excessive 
volume  of  standard  potassium  bromate  was  then  added  and  the 
flask  was  quickly  stoppered.  In  general,  about  10  ml.  of  the 
bromate  were  added  in  excess.  After  15  minutes  the  flask  was 
cooled  and  a  measured  volume  of  standard  arsenious  acid  was 
quickly  poured  in  from  a  beaker  into  which  it  had  been  pipetted. 
It  was  later  found  advisable  when  dealing  with  the  salicylaldoxime 
precipitates  to  add  all  reagents  through  a  separatory  funnel. 
After  all  the  arsenite  had  been  washed  into  the  flask,  the  excess 
arsenite  was  titrated  with  the  standard  bromate,  using  methyl 
orange  indicator  (0.1  per  cent  aqueous  solution).  Each  milliliter 
of  0.1  A  potassium  bromate  is  equivalent  to  0.00005505  gram  of 
hydroxylamine.  Some  results  obtained  by  this  procedure  are 
given  in  Table  I. 

While  longer  than  the  method  previously  mentioned  (5), 
the  bromate-arsenite  procedure  is  more  sensitive,  employs  a 
more  stable  reducing  solution,  and  is  not  interfered  with  by 


certain  metallic  ions  which  vitiate  the  iodide-thiosulfate 
method. 

General  Procedure 

Applicable  to  Metallo-Organic  Precipitates  Formed  by 
Oximes.  The  compound  is  precipitated  under  the  well-estab¬ 
lished  conditions,  after  prior  removal  of  interfering  substances 
(8,  4,  6),  and  the  precipitate  is  collected  and  washed  on  a  suit¬ 
able  filtering  crucible  (No.  4  Jena  glass,  Gooch  crucible,  etc.). 
The  precipitate  is  dissolved  in  25  ml.  of  concentrated  hydro¬ 
chloric  acid  and  drawn  by  suction  into  the  flask  or  bottle  in  which 
the  titration  is  to  be  made.  The  crucible  is  washed  with  25  ml. 
of  water.  If  necessary,  more  acid  and  more  water  are  used  in 
1  to  1  ratio.  The  vessel  is  then  fitted  with  a  stopper  carrying  a 
separatory  funnel  and  a  tube  provided  with  a  5-cm.  (2-inch) 
piece  of  rubber  tubing  and  a  pinchclamp.  An  amount  of  bro¬ 
mate  estimated  to  be  about  10  ml.  in  excess  is  then  added  through 
the  separatory  funnel.  If  necessary,  water  may  be  added  to  bring 
the  acid  concentration  down  to  3  to  4  A. 

After  mixing  and  standing  15  minutes,  a  measured  excess  of 
arsenite  treated  with  1  to  2  drops  of  methyl  orange  is  placed  in  the 
separatory  funnel  and  the  flask  or  bottle  is  cooled  under  a  tap, 
so  that  a  good  part  of  the  arsenite  is  drawn  in  when  the  stopcock 
of  the  funnel  is  opened.  When  the  red  color  of  the  methyl  orange 
persists,  after  shaking  the  vessel,  the  remainder  of  the  arsenite 
and  the  washings  are  allowed  to  flow  in  by  opening  the  pinch¬ 
clamp.  The  stopper  and  funnel  are  then  removed,  and  the  excess 
of  arsenite  is  titrated  with  bromate,  adding  more  methyl  orange 
if  necessary.  The  most  critical  part  of  the  procedure  is  the  pre¬ 
vention  of  the  escape  of  bromine  by  adding  the  arsenite  to  the 
closed  system  after  the  reaction. 

Over  the  permissible  range  of  hydroxylamine  (0  to  20  mg.) 
the  method  is  adaptable  to  determining  semimicroquantities 
of  metals  with  ordinary  volumetric  technique.  If  milligram 
quantities  of  metal  are  to  be  estimated,  microburets  or  weight 
burets  should  be  used  for  the  measurements. 


Table  II. 

Indirect  Determination  of  Copper  in  I 
Salicylaldoxime  Compound 

0.1  N 

Copper 

KBrOa 

Copper 

Error 

Present 

Used 

Found 

Mg. 

Ml. 

Mg. 

Mg. 

0.93 

2.190 

0.99 

0.06 

1.75 

3.905 

1.77 

0.02 

1.75 

3.957 

1.80 

0.05 

1.99 

4.36 

1.98 

-0.01 

1.99 

4.43 

2.01 

0  02 

6.81 

14.86 

6  75 

-0.06 

6.81 

14.91 

6.77 

-0.04 

6 . 81 

15.02 

6.82 

0.01 

8.03 

17.33 

7.87 

-0.16 

8.03 

17.77 

8.07 

0.04 

8.03 

17.67 

8.02 

-0.01 

17.70 

39.07 

17.74 

0  04 

17.70 

39.16 

17.80 

0  10 

Indirect  Determination  of  Copper  in 
Salicylaldoxime  Precipitate 

The  copper  is  precipitated  in  the  usual  way  (6)  from  a  solu¬ 
tion  containing  acetic  acid  and  sodium  acetate  (pH  about 
3  and  not  lower  than  2.6).  The  process  is  a  separation  of  cop¬ 
per  from  silver,  mercuric,  cadmium,  arsenious,  ferric,  cobalt, 
nickel,  and  zinc  ions  (6).  After  washing  with  water,  the 
precipitate  is  handled  by  the  general  procedure.  In  this 
instance  a  definite  number  of  equivalents  of  oxidant  is  con¬ 
sumed  per  gram-atom  of  copper,  but  no  simple  equation 
can  be  written  for  the  process,  which  must  be  regarded  as  an 
empirical  one. 

Free  bromine  is  present  in  the  solution  during  the  course  of 
the  process: 

NH.OH  +  BrOf  =  NOf  +  Br“  +  H20  +  H  + 

Br03_  +  5Br~  +  6H+  =  3Br2  +  3H20 

and  some  bromination  of  the  organic  part  of  the  compound 
would  be  expected  to  occur.  The  partially  oxidized  cream- 
white  product  which  precipitates  immediately  after  the  addi- 
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tion  of  the  bromate  contains  bromine  and  nitrogen,  the  latter 
detected  by  Feigl’s  test  ( 2 ).  Under  the  conditions  specified  in 
the  general  procedure,  14  equivalents  of  oxidant  are  used  per 
mole  of  copper  salicylaldoxime,  which  is  more  than  that 
required  for  the  hydroxylamine  (2  moles)  that  might  be 
liberated  from  the  compound,  but  less  than  would  be  needed 
for  complete  bromination  of  the  salicylaldehyde  as  well. 
Some  typical  results  are  given  in  Table  II. 

With  20  mg.  of  copper  present  the  process  gives  erratic  re¬ 
sults  which  tend  to  be  about  0.7  mg.  high.  The  milhequiva- 
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lent  weight  of  copper  is  ^  'qQQ  =  0.004541  gram  and  hence 

1  ml.  of  0.1  N  potassium  bromate  equals  0.4541  mg.  of  copper. 

The  copper  in  a  bronze  from  the  National  Bureau  of  Stand¬ 
ards  was  determined  after  the  removal  of  tin  by  a  standard 
procedure  (15).  The  average  values  on  aliquots  from  two 
samples  were  88.22  and  88.36  as  compared  with  the  certificate 
value  of  88.33  per  cent  copper. 

In  experiments  not  detailed  here  it  was  found  that  nickel 
salicylaldoxime  [Ni(C7H602N)2]  like  the  analogous  copper 
compound  requires  14  equivalents  of  the  bromate  per  mole, 
whereas  the  lead  compound  which  has  the  formula  PbCr- 
H502N  requires  8  equivalents  of  potassium  bromate  per  mole. 

The  following  observations  regarding  the  oxidation  of  the 
copper  salicylaldoxime  have  been  made:  After  oxidation  the 
filtrate  from  the  white  precipitate  contains  nitrate  and  not 
nitrite  ( 1 ).  The  white  precipitate  has  a  molecular  weight  of 
about  240  (11).  Roughly  one  fourth  of  the  nitrogen  of  the 
original  compound  appears  as  nitrate  in  the  filtrate  from  the 
white  precipitate.  If  bromide  is  added  along  with  the  bro¬ 
mate,  only  12  equivalents  of  bromate  are  consumed  in  the 
process  of  oxidation.  If  the  hydrochloric  acid  solution  of  the 
copper  salicylaldoxime  is  boiled  before  adding  the  bromate, 
a  larger  consumption  of  oxidizing  agent  occurs.  It  is  therefore 
evident  that  an  established  procedure  must  be  strictly  ad¬ 
hered  to,  in  view  of  the  possibility  of  varying  the  stoichi¬ 
ometry. 


Table  III.  Indikect  Determination  of  Nickel  by  Bromate- 
Arsenite  Procedure 
o.i  N 


Ni 

KBrOs 

Ni 

Present 

Used 

Found 

Error 

Mg. 

Ml. 

Mg. 

Mg. 

1.10 

4.69 

1.15 

0.05 

1.10 

4.64 

1.13 

0.03 

1.10 

4.71 

1.15 

0.05 

5.50 

22.92 

5.60 

0.10 

5.50 

22.85 

5.59 

0.09 

5.50 

22.15 

5.42 

-0.08 

11.00 

44.74 

10.94 

-0.06 

11.00 

44.80 

10.95 

-0.05 

11.00 

44.69 

10.93 

-0.07 

Indirect  Determination  of  Nickel  after 
Precipitation  with  Dimethylglyoxime 

Previous  volumetric  methods  for  this  purpose  have  in¬ 
volved  hydrolysis  and  oxidation  of  the  hydroxylamine  by 
ferric  salt,  followed  by  titration  of  the  ferrous  salt  that  is 
formed  with  potassium  permanganate  (18),  or  alternatively 
titration  of  the  nickel  by  the  cyanometric  method  (10).  The 
bromate-arsenite  method  is  applied  after  nickel  has  been 
precipitated  with  dimethylglyoxime  in  the  usual  manner  and 
washed  (5).  In  this  case  the  hydrochloric  acid  solution  of  the 
precipitate  is  boiled  5  minutes  for  milligram  quantities  of 
nickel  present  or  10  minutes  with  0.01  gram  of  nickel  present, 
then  cooled  to  room  temperature  before  adding  the  standard 
bromate  solution.  The  equivalent  weight  of  nickel  is  one 
twenty-fourth  of  the  atomic  weight.  Hence  1  ml.  of  0.1  N 
potassium  bromate  equals  0.2445  mg.  nickel.  Some  typical 
results  are  given  in  Table  III. 


Table  IV.  Indirect  Volumetric  Determination  of  Copper 
after  Precipitation  with  ^-Benzoin  Oxime 


Copper 

Present 

0.1  N 
KBrCb 

Used 

Copper 

Found 

Error 

Mg. 

Ml. 

Mg. 

Mg. 

3.40 

3.30 

3.50 

0.10 

3.40 

3.33 

3.53 

0.13 

6.80 

6.50 

6.88 

0.08 

6.80 

6.42 

6.80 

0.00 

17.20 

16.50 

17.48 

0.28 

17.20 

16.34 

17.31 

0.11 

17.20 

16.30 

17.27 

0.07 

Indirect  Determination  of  Copper  after 
Precipitation  with  a-Benzoin  Oxime 

The  copper  is  precipitated  from  an  ammoniacal  solution,  this 
procedure  being  specific  for  copper  in  the  presence  of  cobalt, 
nickel,  ferric  iron,  aluminum,  and  lead  if  sufficient  tartrate  is 
present  (3).  After  washing  with  dilute  ammonia  (1  ml.  of  con¬ 
centrated  plus  100  ml.  of  water)  and  with  hot  alcohol  the  pre¬ 
cipitate  is  dissolved  with  hot  concentrated  hydrochloric  acid,  the 
remainder  of  the  technique  being  as  described  under  general 
procedure,  with  the  exception  that  the  solution  is  boiled  5  to  10 
minutes  and  cooled  before  adding  the  standard  potassium  bro¬ 
mate. 

Six  equivalents  of  oxidant  are  consumed  per  gram-atom  of 
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copper  and  the  equivalent  weight  is  6  =  10.595.  Hence 

1  ml.  of  0.1  N  potassium  bromate  is  equivalent  to  1.0595  mg. 
of  copper.  Typical  results  are  given  in  Table  IV. 

This  method  is  inherently  less  sensitive  than  the  salicyl¬ 
aldoxime  method,  as  less  than  half  as  much  bromate  is  con¬ 
sumed  in  the  oxidation  of  the  decomposition  products  of  the 
copper  a-benzoin  oxime.  It  is  very  difficult  to  wash  the  excess 
of  reagent  out  of  the  precipitate,  which  may  account  for  the 
tendency  of  the  results  to  be  slightly  high. 

Summary 

A  bromate-arsenite  procedure  has  been  tested  for  the 
estimation  of  hydroxylamine  and  found  accurate. 

The  hydroxylamine  that  is  liberated  from  nickel  dimethyl¬ 
glyoxime  or  from  copper  a-benzoin  oxime  may  be  determined 
by  the  bromate-arsenite  method  to  give  an  indirect  estimation 
of  copper  or  nickel. 

Copper  salicylaldoxime  is  oxidized  in  a  reproducible  manner 
under  strictly  controlled  conditions  by  the  bromate-arsenite 
procedure.  One  gram-atom  of  copper  requires  14  equivalents 
of  standard  bromate  in  the  titration.  The  method  is  suitable 
for  the  estimation  of  semimicroquantities  of  copper. 
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Determination  of  Gossypol  in  Crude 

Cottonseed  Oil 

H.  D.  ROYCE,  J.  R.  HARRISON,  AND  PARKER  D.  DEANS 
The  Southern  Cotton  Oil  Company,  Savannah,  Ga. 


SMITH  and  Halverson  ( 5 )  recently  pointed  out  a  possible 
source  of  error  in  the  pyridine-aniline  method  for  the 
determination  of  gossypol,  due  to  the  presence  of  pyridine  of 
crystallization  in  the  precipitate  of  dianilinogossypol.  With 
reference  to  the  original  paper  (2)  on  the  method,  this  criti¬ 
cism  probably  is  justified,  since  the  proposed  procedure  of 
drying  the  precipitate  (1  hour’s  heating  at  100°  C.)  did  not 
assure  quantitative  removal  of  the  pyridine.  However,  a 
modification  (8)  published  the  following  year,  provided  for 
heating  the  dianilinogossypol  to  constant  weight  at  100°  C., 
and  the  present  paper  demonstrates  that  the  pyridine  of 
crystallization  retained  by  the  precipitate  can  be  removed 
quantitatively,  without  appreciable  decomposition  of  the 
dianilinogossypol.  While  this  removal  may  be  accomplished 
at  100°  C.,  it  can  be  effected  more  rapidly  and  conveniently 
at  a  higher  temperature.  Also,  the  dianilinogossypol  precipi¬ 
tated  with  2  molecules  of  pyridine  of  crystallization  can  be 
dried  to  constant  weight  at  a  low  temperature,  without  loss  of 
pyridine,  so  that  the  dianilinogossypol-dipyridine  may  be 
weighed  as  such  and  calculated  to  gossypol  by  means  of  the 
conversion  factor  0.627. 

In  the  course  of  this  work  another  minor  modification  of  the 
original  method  was  found  to  give  increased  accuracy  and 
reliability.  The  addition  of  a  small  amount  of  pyridine  to  the 
petroleum  ether  used  for  washing  the  dianilinogossypol- 
dipyridine  reduced  the  solubility  of  the  precipitate  to  an  ap¬ 
preciable  extent,  making  it  possible  to  re¬ 
cover  up  to  98  per  cent  of  the  gossypol  from 
a  0.2  per  cent  solution  in  oil.  These  im¬ 
provements  are  embodied  in  a  revision  of 
the  method  presented  herein,  and  the  experi¬ 
mental  data  forming  the  bases  for  these 
changes  are  summarized. 

In  a  recent  paper,  Campbell,  Morris,  and 
Adams  ( 1 )  described  the  preparation  of  a 
dipyridine  salt  of  gossypol,  C30H30O8.2C5H5N. 

On  account  of  the  possible  interference  of 
such  a  compound  in  the  determination  of 
gossypol  by  the  pyridine-aniline  method,  a 
few  notes  on  the  precipitation  of  gossypol 
from  pyridine  solutions,  in  the  absence  of 
aniline,  are  included  in  the  present  paper. 

In  general,  pyridine  alone  would  not  precipi¬ 
tate  gossypol  from  crude  cottonseed  oil,  and 
the  solubility  of  the  pyridine  salt  was  suf¬ 
ficient  to  preclude  contamination  of  the 
dianilinogossypol-pyridine  complex.  The 
solubility  of  gossypol  in  pyridine  was  found 
to  be  13.3  per  cent  by  weight,  and  upon 
dilution  of  this  saturated  solution  with  petro¬ 
leum  ether,  a  crystalline  precipitate  of  2C3n- 
H30O8.5C5H5N,  rather  than  the  dipyridine 
salt,  was  obtained. 

Experimental 

Effect  of  Heating  Conditions  on  Com¬ 
position  of  Dianilinogossypol  Precipitated 
from  Cottonseed  Oil  with  a  Mixture  of 
Pyridine  and  Aniline. — A  stock  solution  of 
purified  gossypol  in  refined  cottonseed  oil  was 
prepared  by  adding  an  ethereal  solution  of 
gossypol  to  the  oil,  followed  by  complete  re¬ 


moval  of  the  solvent  under  reduced  pressure.  The  gossypol  con¬ 
centration  was  adjusted  to  0.4  per  cent,  so  that  the  25-gram 
samples  taken  for  analysis  contained  exactly  100.0  mg.  of  gossy¬ 
pol.  The  gossypol  had  been  purified  by  recrystallization  from 
a  petroleum  ether-ether  mixture,  and  was  a  bright  yellow,  micro¬ 
crystalline  powder  having  a  molecular  weight  of  518  (titration 
with  0.25  N  sodium  hydroxide),  and  melting  point  of  184°  C.  A 
further  indication  of  the  purity  of  this  preparation  is  the  crystal 
form,  shown  in  Figure  1.  The  pyridine  and  aniline  employed  in 
this  work  were  c.  p.  grade  (Baker),  and  the  petroleum  ether  was 
Skellysolve  F  (boiling  range  35°  to  60°). 

With  the  exception  of  heating  conditions  and  details  out¬ 
lined  in  Table  I,  the  general  analytical  procedure  was  that  de¬ 
scribed  in  a  previous  paper  (8).  Unless  otherwise  stated,  all 
the  gossypol  analyses  given  in  the  tables  are  averages  of  three 
determinations. 

Samples  1  to  3,  Table  I,  show  that  the  dianilinogossypol- 
pyridine  complex  reaches  constant  weight  in  2  hours  at 
60°  C.,  and  that  the  nitrogen  content  remains  fairly  constant. 
The  pyridine  content  of  the  precipitate  was  calculated  from 
the  nitrogen  analysis,  by  means  of  the  following  equation: 

17.72  P  +  4.19(100  -  P)  =  100  N 
or 

P  =  7.41  N  -  30.9 

where  P  =  per  cent  pyridine,  N  =  per  cent  nitrogen,  and 
17.72  and  4.19  represent  the  nitrogen  percentages  in  pyridine 
and  dianilinogossypol,  respectively. 
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Table  I.  Effect  of  Heating  Conditions  on  Pyridine  Content  of  Precipitate 

(Samples  1  to  11,  inclusive,  contain  100.0  mg.  of  pure  gossypol  (molecular  weight  518)  in  24.90  grams  of  refined  cot¬ 
tonseed  oil;  7.5  ml.  of  pyridine-aniline  reagent  (4  to  1)  and  50  ml.  of  petroleum  ether  added,  allowed  to  precipitate 
7  days  at  room  temperature.  Samples  12  to  15,  inclusive,  represent  100-gram  samples  of  typical  hot-pressed  crude 

cottonseed  oil,  no  added  gossypol.) 

Gossypol  Found 


Sample 

Heating  Conditions 
Tem¬ 
perature  Time 

Weight 
of  Pre¬ 
cipitate 

Nitrogen 

Content 

Pyridine 
Content 
Calcd.  from 
Nitrogen 

Corrected  for 
analyzed 
pyridine 
content 

Precipitate 
weighed  as 
C42H43N2O6.- 
2CsHsN 
(factor  0.627) 

°  C. 

Hours 

Mg. 

% 

% 

Mg. 

Mg. 

1 

60 

1 

157.0 

6.60 

18.0 

99.9 

98.4 

2 

2 

155.0 

6.56 

17.7 

99.1 

97.1 

3 

3 

155.0 

6.54 

17.6 

99.4 

97.1 

4 

100 

3 

134.9 

4.79 

4.4 

99.9 

5 

5 

128.3 

4.48 

2.2 

97.3 

6 

7 

126.8 

4.30 

0.8 

97.5 

7 

9 

124.8 

4.11 

None 

96.7 

8 

12 

124.5 

4.12 

None 

96.5 

9 

160 

0. 5 

125.3 

4.11 

None 

96.9 

10 

1 

124.6 

4.08 

None 

96.6 

11 

2 

125.0 

4.06 

None 

96.6 

12  Crude  cotton- 

seed  oil  117 

60 

2 

197.6 

6.73 

19.0 

124.  1 

123.8 

13  Crude  cotton- 

seed  oil  117 

160 

1 

158.7 

4.29 

None 

123.0 

14  Crude  cotton- 

seed  oil  300 

60 

2 

174.4 

6.62 

18.2 

110.4 

109.3 

15  Crude  cotton- 

seed  oil  300 

160 

1 

146.4 

4.07 

None 

113.5 

Table  II.  Effect  of  Washing  Procedure  in  Pyridine-Aniline  Method 

(Each  sample  contained  100.0  mg.  of  gossypol  in  49.90  grams  of  cottonseed  oil;  70  ml.  of  Skellysolve  F,  6  ml.  of 
pyridine,  and  1.5  ml.  of  aniline  were  added,  mixed,  and  allowed  to  stand  5  days.) 

-Composition  of  Wash  Solution- 


Skellysolve  F 


Skellysolve  F  Containing  2%  Pyridine 


Experiment 

Volume 

Wt.  of 

Nitrogen^ 

Gossypol' 

Wt.  of 

Nitrogen 

Gossypol 

No. 

of  Wash 

precipitatea 

content 

found 

precipitate 

content 

found 

Ml. 

Mg. 

% 

Mg. 

Mg. 

% 

Mg. 

1 

60 

120.6 

93.5 

127.0 

4.09 

98.4 

2 

120 

119.8 

4.08 

92.8 

126.2 

4.07 

97.7 

3 

180 

117.2 

4.04 

90.8 

124.0 

4.22 

96.  1 

4 

240 

108.8 

84.3 

123.6 

4.  12 

95.8 

Calculated  values  for 

100%  recovery 

129.0 

4. 19 

100.0 

129.0 

4.  19 

100.0 

a  All  precipitates  heated 

one  hour  at  160 

°  C„  and 

weighed  as  dianilinogossypol. 

b  Nitrogen 

values  are  given  to  show  complete  removal  of  pvridine  from  dianilinogossypol-dipyridi 

ne  by  heating 

1  hour  at  160 

°  C.  c  Weight  of  precipitate 

multiplied  by  factor  0.775. 

The  gossypol  content  of  the  precipitate  is  then  calculated  by 
subtracting  the  weight  of  pyridine  from  the  weight  of  precipi¬ 
tate,  and  multiplying  the  difference  by  the  dianilinogossypol 
factor  (0.775).  The  analyzed  pyridine  content  of  the  precipi¬ 
tate,  heated  to  constant  weight  at  60°  C.,  is  slightly  lower  than 
the  calculated  value  (19.2  per  cent)  for  C42H4oN206.2C5H5N, 
but  it  is  probable  that  the  discrepancy  is  due  to  low  nitrogen 
values  returned  by  the  Kjeldahl  method  on  samples  contain¬ 
ing  pyridine  compounds.  Three  samples  of  purified,  anhy¬ 
drous  pyridine,  analyzed  by  the  Kjeldahl  method,  gave  17.39, 
17.29,  and  17.69  per  cent  of  nitrogen,  respectively,  for  an 
average  of  17.46  per  cent,  which  is  0.27  per  cent  lower  than  the 
calculated  value  of  17.72  per  cent. 

As  further  evidence  that  the  dianilinogossypol-pyridine 
complex,  upon  heating  to  constant  weight  at  60°  C.,  contains 
the  theoretical  percentage  (19.2)  of  pyridine  for  the  dipyridine 
salt,  it  will  be  noted  in  Table  I  that  the  calculated  gossypol 
recovery,  based  on  the  analyzed  pyridine  content,  is  too  high 
(99.1  to  99.9  per  cent  recovery).  Owing  to  the  appreciable 
solubility  of  the  dianilinogossypol  in  the  mixture  of  oil,  petro¬ 
leum  ether,  pyridine,  and  aniline  from  which  it  precipitates, 
the  actual  recovery  cannot  greatly  exceed  98  per  cent. 

If,  instead  of  using  the  analyzed  pyridine  percentage  for 
correction,  the  theoretical  value  (19.2  per  cent)  for 
C42H40N2O6.2C5H5N  be  used,  the  amount  of  gossypol  found  is 
about  what  would  be  expected — for  example,  on  sample  2, 
assuming  the  theoretical  pyridine  content  of  19.2  per  cent,  the 
factor  for  converting  the  dianilinogossypol-dipyridine  salt  to 
gossypol  is  0.627,  and  the  gossypol  recovery  is  97.1  mg. 


Samples  4  to  8,  Table  I, 
show  that  when  the  dianilino¬ 
gossypol-dipyridine  is  held 
at  100°  C.,  the  pyridine  is 
driven  off  slowly  but  quan¬ 
titatively,  constant  weight 
being  attained  in  about  9 
hours,  and  the  nitrogen  con¬ 
tent  (4.12  per  cent)  indicates 
that  all  the  pyridine  has 
been  expelled,  without  de¬ 
composition  of  the  residual 
dianilinogossypol.  In  all 
cases  (samples  7  to  11,  in¬ 
clusive)  where  the  nitrogen 
content  of  the  precipitate  is 
equal  to  or  less  than  that 
of  pure  dianilinogossypol 
(4.19  per  cent),  the  absence 
of  pyridine  is  assumed,  and 
the  weight  of  precipitate  is 
converted  to  gossypol  by 
means  of  the  factor  0.775. 

Employing  a  drying  tem¬ 
perature  of  160°  C.,  con¬ 
stant  weight  is  obtained  in  30 
to  60  minutes,  and  the  nitro¬ 
gen  content  of  the  residue 
(sample  10,  4.08  per  cent) 
indicates  that  it  is  free  from 
pyridine.  Further  evidence 
that  the  residue  is  diani¬ 
linogossypol  is  shown  by  the 
percentage  recovery  (96.6), 
since  this  figure  was  ob¬ 
tained  by  using  the  diani¬ 
linogossypol  conversion 
factor  (0.775),  and  is  in  agree¬ 
ment  with  the  normal  per¬ 
centage  recovery  usually 
attainable  from  a  dilute  solution  of  gossypol  in  oil. 

On  the  basis  of  these  experiments,  it  is  recommended  that  a 
1-hour  heat  atl60°  C.  be  substituted  for  the  former  procedure 
of  heating  the  precipitate  to  constant  weight  at  100°  C.  This 
change  minimizes  the  danger  of  pyridine  retention  and  short¬ 
ens  the  time  required  for  analysis. 

An  alternative  procedure  for  handling  the  precipitate  is  to 
heat  2  hours  at  60°  C.,  leaving  a  residue  of  dianilinogossypol 
containing  2  molecules  of  pyridine,  in  which  case  the  conver¬ 
sion  factor  is  0.627.  However,  owing  to  the  possibility  of  in¬ 
complete  removal  of  moisture  and  solvent  at  60°  C.,  it  is 
usually  preferable  to  drive  off  the  pyridine  of  crystallization  at 
160°  C.  and  weigh  as  dianilinogossypol. 

Samples  12  to  15,  inclusive,  Table  I,  indicate  that  the  pre¬ 
cipitate  of  dianilinogossypol-dipyridine  obtained  from  crude 
hot-pressed  cottonseed  oil  may  be  treated  as  above,  and  either 
weighed  as  the  dipyridine  salt  (factor  0.627),  or  heated  to 
160°  C.  and  weighed  as  dianilinogossypol  (factor  0.775). 

While  one  of  the  samples  heated  to  160°  C.  (No.  13)  shows 
a  nitrogen  content  slightly  higher  than  the  calculated  value  for 
dianilinogossypol  (4.19  per  cent),  no  residual  pyridine  could 
be  detected  in  the  precipitate  and,  when  calculated  to  gossy¬ 
pol  by  means  of  the  factor  0.775,  fair  agreement  with  the  re¬ 
sults  based  on  weighing  the  dipyridine  salt  were  obtained. 
The  precipitates  formed  in  crude  cottonseed  oils  with  the 
pyridine-aniline  reagent  are  invariably  macrocrystalline,  and 
while  not  so  coarse  and  brightly  colored  as  those  formed  in  the 
stock  solution  of  purified  gossypol  in  refined  oil,  they  are  easy 
to  wash  and  filter. 
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Table  III.  Rate  of  Precipitation  of  Gossypol  from 
Cottonseed  Oil 

(Samples  contain  100.0  mg.  of  gossypol  dissolved  in  49.9  grams  of  refined 
cottonseed  oil,  70  ml.  of  petroleum  ether) 


Sample 

Precipitating  Agent 

Crystal¬ 

lization 

Time 

Weight 
of  Pre¬ 
cipitate11 

Gossypol 
Recovered 
(100.0  Mg. 
Present) 

20 

6  ml.  of  pyridine 

Days 

14 

Mg. 

No  ppt. 

Mg. 

None 

21 

7.5  ml.  of  pyridine-aniline  (4  to  1) 

1 

107.0 

82.9 

22 

2 

117.6 

91.1 

23 

3 

121.0 

93.7 

24 

4 

122.4 

94.8 

25 

5 

123.4 

95.6 

26 

7 

125.0 

96.9 

27 

14 

125.2 

97.0 

28 

1.5  ml.  of  aniline 

1 

46.6 

36. 1 

29 

2 

48.0 

37.2 

30 

3 

60.2 

46.6 

31 

4 

67.0 

51.9 

32 

5 

80.0 

62.0 

33 

7 

96.0 

74.4 

34 

14 

103.0 

79.8 

<•  Heated  1  hour  at  160°  C„  converted  to  gossypol  by  factor  0.775. 

Modified  Washing  Procedure 

The  advantages  of  adding  a  small  amount  of  pyridine  to  the 
petroleum  ether  used  in  washing  the  precipitated  dianilino- 
gossypol-pyridine  complex  are  shown  by  Table  II.  An  exces¬ 
sive  amount  of  washing  lowers  the  recovery,  particularly  when 
no  pyridine  is  added  to  the  wash.  Depending  upon  the  wash¬ 
ing  technique,  the  minimum  volume  of  petroleum  ether 
necessary  to  ensure  complete  transference  of  the  precipitate 
from  flask  to  filter,  and  complete  removal  of  oil,  will  vary 
somewhat,  but  usually  at  least  50  ml.  are  required,  and  a  wash 
volume  of  60  ml.  is  recommended  as  a  standard  procedure. 
Nitrogen  determinations  were  made  on  the  washed  precipi¬ 
tates  to  check  on  the  possibility  of  error  due  to  pyridine 
retention  by  the  samples  washed  with  the  pyridine  solution. 
However,  after  heating  the  samples  1  hour  at  160°  C.,  those 
washed  with  the  pyridine  solution  have  about  the  same  nitro¬ 
gen  content  as  those  washed  with  petroleum  ether,  so  that  no 
error  is  introduced  by  weighing  as  dianilinogossypol  and  con¬ 
verting  to  gossypol  by  the  factor  0.775.  The  pyridine  wash 
makes  possible  a  recovery  of  98.4  mg.  of  gossypol  from  a  solu¬ 
tion  containing  100  mg.  in  50  grams  of  oil,  whereas  the  old 
method  recovers  only  93.5  mg.  from  the  same  solution. 

The  effect  of  pyridine  on  the  rate  and  completeness  of 
precipitation  of  dianilinogossypol  from  oil  solution  is  well 
illustrated  by  the  tests  in  Table  III  (samples  20  to  34).  All 


20,  Table  III.  Since  the  formation  of  an  insoluble  pyridine 
salt  of  gossypol  has  been  reported  in  the  literature  ( 1 ),  the 
solubility  of  gossypol  in  pyridine  was  studied  further. 

In  the  first  experiment,  the  work  referred  to  above  was  re¬ 
peated.  One  hundred  milligrams  of  pure  gossypol  were  dissolved 
in  10  ml.  of  c.  p.  pyridine,  and  the  solution  was  diluted  with  several 
volumes  of  petroleum  ether.  No  precipitate  formed  on  standing 
14  days.  The  solubility  of  gossypol  in  pyridine  was  then  deter¬ 
mined,  and  found  to  be  13.3  per  cent  by  weight,  at  25°  C.  Upon 
dilution  of  this  saturated  solution  with  petroleum  ether,  a  finely 
crystalline,  greenish-yellow  precipitate  formed,  which,  upon  heat¬ 
ing  42  hours  at  60°  C.,  analyzed  5.18  per  cent  nitrogen. 

The  precipitate  was  still  losing  weight,  though  very  slowly,  at 
the  end  of  the  heating  period,  2.095  grams  losing  2.4  mg.  in  the 
last  3  hours.  The  nitrogen  content  of  5.18  per  cent  is  equal  to 
29.2  per  cent  pyridine,  or  a  ratio  of  2.5  moles  of  pyridine  per  mole 
of  gossypol,  corresponding  to  the  formula  2C30H30O8.5C5H5N. 
This  substance  was  then  heated  at  100°  C.  until  it  approached 
constant  weight  (3  hours),  whereupon  the  nitrogen  content  was 
reduced  to  0.95  per  cent,  equivalent  to  5.36  per  cent  of  pyridine, 
slightly  less  than  0.5  mole  per  mole  of  gossypol  (calculated  for 
C30H30O8.1/ 2C5H5N,  1.03  per  cent  of  nitrogen).  In  view  of  the 
fact  that  the  precipitate  was  still  losing  weight  slowly  when  the 
nitrogen  analysis  was  made,  proof  of  the  existence  of  the  com¬ 
pound  CsoHsoOs.'AAHsN  is  not  claimed.  Upon  heating  at  higher 
temperatures,  the  gossypol  darkened  and  decomposed  while 
liberating  the  remainder  of  the  pyridine. 

From  the  above  observations  it  is  apparent  that  the  com¬ 
paratively  high  solubility  of  gossypol  in  pyridine  precludes 
the  interference  of  pyridine-gossypol  salts  in  the  precipitation 
of  the  dianilinogossypol-pyridine  complex  from  cottonseed  oil 
with  a  mixture  of  pyridine  and  aniline. 

Another  factor  which  affects  the  precipitation  of  gossypol 
from  a  dilute  oil  solution  is  solvent  volume.  Table  IV  shows 
that  while  this  volume  is  not  very  critical,  complete  precipita¬ 
tion  cannot  be  obtained  in  the  absence  of  petroleum  ether,  nor 
can  maximum  recovery  be  obtained  when  the  solvent  volume 
is  more  than  twice  the  sample  volume.  The  solvent  also 
serves  the  purpose  of  speeding  up  the  filtration. 

Inasmuch  as  many  types  of  crude  hot-pressed  cottonseed 
oils  contain  appreciable  amounts  of  nonfats  which  are  insolu¬ 
ble  in  petroleum  ether,  it  was  thought  advisable  to  check  the 


Table  IV.  Effect  of  Solvent  Volume  on  Precipitation  of 
Gossypol  from  Crude  Cottonseed  Oil 

(50  grams  of  oil,  6  ml.  of  pyridine,  1.5  ml.  of  aniline,  diluted  with  specified 
amounts  of  petroleum  ether,  allowed  to  precipitate  7  days) 


Table  V. 


the  analyses  in  these  tests  were  run  under  identical  condi¬ 
tions,  except  for  the  omission  of  pyridine  in  the  second  series, 
so  that  the  results  are  directly  comparable.  In  the  absence 
of  pyridine,  precipitation  is  relatively  slow  and  incomplete, 
amounting  to  only  80  per  cent  recovery  in  14  days  (sample  34). 
With  pyridine  present,  more 

than  80  per  cent  of  the  gossypol  _ _ 

is  precipitated  the  first  day, 
and  the  reaction  is  virtually 
complete  in  7  days,  giving  a  re¬ 
covery  of  96.9  per  cent.  Ex¬ 
tending  the  precipitation  period 
to  14  days  only  increases  the 
percentage  recovery  to  97.0,  so 
that  for  all  practical  purposes  a 
7-day  precipitation  period  is 
sufficient,  in  the  presence  of 
pyridine. 

Pyridine  Salts  of 
Gossypol 

Pyridine  alone  does  not  preci¬ 
pitate  gossypol  from  dilute  oil 
solutions,  as  shown  by  sample 


Sample 

Petroleum  Ether 
(Skellysolve  F) 

Gossypol  Found 

Ml. 

% 

60 

None 

0.055 

62 

35 

0.098 

64 

70 

0.096 

66 

105 

0.093 

68 

140 

0.074 

Effect  of  Washing  Procedures  on  Pyridine  Salt  of 
Precipitated  from  Crude  Cottonseed  Oil 


Dianilinogossypol 


90 


91 

92 


93 


94 

95 


96 

97 


Sample 

Crude  cottonseed  oil  No.  3  (50.0  grams) 


Washing  Procedure0 

5  ml.  of  95%  alcohol,  followed  by  10 
ml.  of  50%  alcohol  and  10  ml.  of 
water 

Three  10-ml.  portions  of  hot  o  0% 
alcohol 

Three  10-ml.  portions  of  hot  water  fol¬ 
lowed  by  5  ml.  of  95%  alcohol 
Two  10-ml.  portions  of  hot  50%  pyri¬ 
dine  .  . 

10  ml.  of  hot  50%  pyridine,  10  ml.  of 
water,  10  ml.  of  95%  alcohol 
Two  10-ml.  portions  equal  parts  pyri¬ 
dine  and  alcohol 
Same  as  in  94 
Same  as  in  93 


Crude  cottonseed  oil  No.  3  (50.0  grams) 

Crude  cottonseed  oil  No.  3  (50.0  grams) 

Crude  cottonseed  oil  No.  3  (50.0  grams) 

Crude  cottonseed  oil  No.  3  (50.0  grams) 

Crude  cottonseed  oil  No.  3  (50.0  grams) 

Oil  No.  3,  plus  100  mg.  of  gossypol 
Oil  No.  3,  plus  100  mg.  of  gossypol 
Initial  wash  with  60  ml.  of  Skellysolve  F  containing  2  per  cent  pyridine  preceded  above  washes  in  every  case. 


Weight  of  Pre¬ 
cipitate  Dried  to 
Constant  Weight 
at  160°  C. 

Gossypol 

Found 

Gram 

% 

0.0809 

0.  125 

0.0815 

0.  126 

0.0823 

0. 128 

0.0836 

0. 130 

0.0819 

0. 127 

0.0854 

0.2220 

0.2210 

0.  132 
0.344 
0.342 
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presence  of  such  compounds  in  the  dianilinogossypol-dipyri- 
dine  complex  by  washing  with  water,  aqueous  solutions  of 
alcohol,  and  pyridine.  Moreover,  Smith  in  his  revised  method 
for  the  determination  of  gossypol  in  cottonseed  meal  (4) 
specifies  an  alcohol  and  water  wash,  and  owing  to  the  chance 
of  water-soluble  meal  extractives  being  present  in  crude  oil, 
a  similar  washing  treatment  was  tested  in  the  present  method. 

However,  reference  to  Table  V  indicates  that  neither  water, 
alcohol,  nor  pyridine  washes  change  the  weight  of  the  precipi¬ 
tate  to  any  significant  degree. 

The  effect  of  adding  purified  gossypol  to  a  crude  oil  prior  to 
analysis  is  shown  by  samples  96  and  97,  to  which  0.2  per  cent 
of  gossypol  was  added.  Taking  0.128  per  cent  as  the  average 
amount  of  gossypol  found  in  the  crude  oil,  samples  96  and  97 
would  be  expected  to  return  0.328  per  cent,  whereas  the  actual 
recovery  was  0.343  per  cent.  This  increase  in  recovery  may 
be  explained  by  the  seeding  action  of  the  added  gossypol, 
whereby  precipitation  of  dianilinogossypol  is  brought  about 
soon  after  addition  of  the  reagents,  and  a  large  number  of 
crystal  nuclei  are  formed  to  act  as  centers  of  subsequent 
crystal  growth.  In  the  absence  of  this  added  gossypol,  pre¬ 
cipitation  does  not  start  for  several  days  after  the  addition  of 
the  pyridine-aniline,  and  even  after  the  first  appearance  of  the 
precipitate,  crystal  nuclei  are  not  numerous  enough  to  bring 
the  precipitation  to  completion  in  7  days.  Precipitation  is 
hastened  by  agitating  the  samples  for  a  brief  period  each  day 
after  the  initial  appearance  of  crystals. 

On  the  basis  of  the  results  of  the  foregoing  experiments,  the 
following  revision  of  the  pyridine-aniline  method  for  the  de¬ 
termination  of  gossypol  in  crude  cottonseed  oil  is  outlined. 


Table  VI.  Reproducibility  of  Determinations  at  Various 
Gossypol  Concentrations 


Sample 

Gossypol 

Found 

Mean 

Percentage 
Deviation 
from  Mean 

% 

% 

1 

Hot-pressed  oil  A 

0.0036 

0.0042 

0.0039 

7.7 

2 

Hot-pressed  oil  B 

0. 110 
0.113 

0.1115 

1.4 

3 

Expeller  oil  E 

1.370 

1.402 

1.386 

1.1 

4 

Stock  solution  of  0.1%  gossypol 
in  cottonseed  oil 

0.095 

0.096 

0.0955 

0.5 

Proposed  Modification  of  Pyridine-Aniline 
Method 

Weigh  50  grams  of  filtered  crude  cottonseed  oil  in  a  200-ml. 
wide-mouthed  extraction  flask  and  dilute  to  110  to  130  ml.  with 
petroleum  ether  (Skellysolve  F).  Add  10  ml.  of  a  mixture  of  4 
parts  pyridine  and  1  part  aniline,  mix  well  by  swirling,  stopper 
loosely,  and  store  in  a  warm  place  (35°  to  40°  C.)  for  several 
hours.  Replace  any  solvent  lost  by  evaporation,  and  hold  the 
samples  at  room  temperature  for  7  to  14  days.  To  prevent  undue 
loss  of  solvent  during  the  precipitation  period,  tight-fitting  stop¬ 
pers  provided  with  a  capillary  vent  may  be  employed.  In  any 
case  maintain  the  solvent  volume  close  to  its  original  value 
throughout  the  precipitation  and  agitate  the  samples  once  each  day 
after  precipitation  has  begun.  Oils  containing  less  than  0.1  per 
cent  of  gossypol  should  be  allowed  14  days  to  precipitate. 

Filter  under  suction  on  tared  crucibles  provided  with  medium 
asbestos  mat,  washing  the  crystals  of  dianilinogossypol-dipyridine 
onto  the  filter  with  petroleum  ether  containing  1  to  3  per  cent  of 
pyridine.  Wash  the  crystals  free  from  oil  with  this  solvent  mix¬ 
ture,  keeping  the  total  volume  of  wash  below  100  ml.  Drive  off 
the  pyridine  of  crystallization  by  heating  the  precipitate  1  hour 
at  160°  C.,  and  weigh  as  dianilinogossypol.  If  it  is  desired  to 
weigh  the  precipitate  as  dianilinogossypol-dipyridine,  heat  2 
hours  at  60°  C.  The  factors  for  converting  weights  of  dianilino¬ 
gossypol  and  dianilinogossypol-dipyridine  to  gossypol  are  0.775 
and  0.627,  respectively. 


The  above  method  will  recover  95  to  98  per  cent  of  the 
gossypol  from  a  0.1  per  cent  oil  solution,  which  is  about  the 
average  gossypol  concentration  encountered  in  analysis  of  hot- 
pressed  cottonseed  oils.  The  reproducibility  of  results  is 
fairly  good  for  this  type  of  analysis,  as  shown  by  the  results 
obtained  on  two  commercial  samples  of  hot-pressed  oil,  an 
expeller  oil,  and  a  stock  solution  of  0.1  per  cent  gossypol  in 
refined  cottonseed  oil  (Table  VI). 

Referring  to  sample  1,  it  will  be  noted  that  the  results  are  not 
closely  reproducible  on  oils  containing  less  than  0.01  per  cent 
of  gossypol,  because  precipitation  is  relatively  slow  and  incom¬ 
plete.  At  0.1  per  cent  and  higher  concentrations  the  method 
is  satisfactory.  Sample  4  indicates  that  better  checks  can  be 
obtained  on  stock  solutions  of  purified  gossypol  in  refined  oil 
than  on  corresponding  concentrations  of  gossypol  in  crude 
oil  (sample  2),  probably  because  of  the  presence  of  gossypol 
degradation  products  and  other  nonfats  in  the  crude  oil.  As 
recommended  in  an  earlier  paper  ( 2 )  accuracy  and  reproduci¬ 
bility  of  results  on  oil  samples  containing  less  than  0.01  per 
cent  of  gossypol  are  improved  by  the  addition  of  a  known 
amount  of  pure  gossypol  to  the  oil  being  analyzed. 

Summary 

A  mixture  of  pyridine  and  aniline  is  more  effective  than  ani¬ 
line  alone  in  precipitating  gossypol  from  crude  cottonseed  oil. 
A  modification  of  the  pyridine-aniline  method,  which  recovers 
up  to  98  per  cent  of  gossypol  from  a  0.2  per  cent  solution  in 
oil,  is  described. 

The  pyridine-aniline  reagent  precipitates  dianilinogossypol 
containing  2  molecules  of  pyridine  of  crystallization.  The 
pyridine  is  removed  quantitatively,  without  decomposition  of 
the  residual  dianilinogossypol,  by  heating  the  precipitate  1 
hour  at  160°  C.  The  dianilinogossypol-dipyridine  complex 
is  fairly  stable  at  60°  C.,  and  after  heating  for  2  hours  at  this 
temperature,  its  composition  corresponds  closely  to  the  for¬ 
mula  C42H4oNo06.2C6H5N. 

The  addition  of  a  small  amount  of  pyridine  to  the  petroleum 
ether  used  for  washing  the  dianilinogossypol  precipitate  de¬ 
creases  the  solubility  of  the  precipitate,  and  gives  higher  re¬ 
covery  of  gossypol  from  dilute  oil  solutions. 

Pyridine  alone  will  not  precipitate  gossypol  from  crude 
cottonseed  oil.  The  solubility  of  gossypol  in  pyridine  was 
found  to  be  13.3  per  cent  by  weight  at  25°  C.  A  pyridine- 
gossypol  complex  having  the  formula  2C30H30O8.5C6H5N  is 
described. 
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Jacketed  Receiver  for  Vacuum  Distillation 

Our  attention  has  been  called  by  Baird  and  Tatlock  (London), 
Ltd.,  to  the  similarity  between  the  jacketed  receiver  for  vacuum 
distillation  described  by  J.  B.  Cloke  [Ind.  Eng.  Chem.,  Anal. 
Ed.,  12,  329  (1940)],  and  a  receiver  designed  by  Dr.  Linnell  of 
the  Pharmaceutical  Society  of  Great  Britain.  The  Linnell  type, 
described  in  a  bulletin  of  the  manufacturer,  differs  mainly  from 
that  suggested  by  Cloke  in  that  it  is  not  graduated,  has  no 
“dripper”,  has  a  simplified  stopcock  arrangement,  and  has 
proportionately  more  condenser  surface  between  the  side  entry 
and  the  vacuum  connection.  The  receiver  is  a  modification  of 
the  Perkin  vacuum  triangle.  Both  receivers  may  be  used  ad¬ 
vantageously  with  the  new  jacketed  Pyrex  flasks  made  by  the 
Corning  Glass  Co. 


Rectification  Column  for  a  Chemical 
Engineering  Laboratory 

JOHN  R.  HUFFMAN  AND  ROBERT  E.  TREYBAL 

Department  of  Chemical  Engineering,  College  of  Engineering,  New  York  University,  University  Heights,  New  York,  N.  Y. 


SUITABLE  equipment  for  the  study  of  rectification  in  an 
undergraduate  laboratory  has  been  a  serious  problem  in 
chemical  engineering  instruction  for  some  time.  Such  equip¬ 
ment  may  be  purchased  from  one  of  the  many  companies 
supplying  distillation  apparatus  to  the  industry,  or  it  may  be 
built  in  the  shops  of  the  university  itself. 

If  the  still  is  purchased,  it  may  be  one  of  the  stock  small- 
scale  models  produced  by  several  equipment  manufacturers. 
However,  most  companies  are  more  interested  in  the  sale  of 
large-scale  equipment,  and  offer  the  universities  smaller  units 
only  as  a  service  or  assistance  to  educational  facilities.  In 
many  cases  such  equipment  is  unsatisfactory  for  instructional 
purposes,  in  that  either  it  is  usually  not  sufficiently  flexible 
to  permit  the  study  of  widely  differing  conditions  of  operation, 
or  insufficient  arrangements  are  provided  for  complete  sam¬ 
pling  of  the  liquid  and  vapor 
at  all  points  in  the  column. 

Moreover,  the  construction 
is  generally  of  such  a  nature 
that  changes  in  the  appa¬ 
ratus  are  difficult  to  make. 

Satisfactory  designs  may 
be  submitted  to  an  equip¬ 
ment  manufacturer  for  con¬ 
struction.  This  procedure 
will  eliminate  the  shortcom¬ 
ings  mentioned  above,  but 
the  cost  will  usually  be 
prohibitive.  On  the  other 
hand,  if  the  equipment  is 
designed  and  constructed  at 
the  university,  excellent  re¬ 
sults  can  be  produced,  and 
the  cost  may  be  kept  very 
low,  especially  where  a 
mechanic’s  services  are 
available.  Such  a  column 
has  been  recently  described 
in  the  literature  (2).  In 
addition,  a  unit  has  been 
constructed  at  New  York 
University  which  is  suffi¬ 
ciently  different  to  make  it  of 
interest  to  others  confronted 
with  the  same  problem.  The 
total  cost  of  the  material, 
exclusive  of  the  condenser, 
was  approximately  $200. 

Design 

The  complete  apparatus 
consists  of  a  boiler,  a  column, 
and  a  condenser  with  the 
usual  accessories.  The  de¬ 
sign  throughout  is  of  such  a 
nature  as  to  provide  all  pos¬ 
sible  means  for  obtaining 
complete  test  data,  to  an¬ 
ticipate  all  possible  varia¬ 


tions  in  operating  conditions,  and  to  allow  for  easy  disman¬ 
tling  and  reconstruction.  For  example, .the  boiler  is  a  unit  in 
itself,  and  may  be  separated  easily  from  the  column.  The 
heating  surface  is  composed  of  several  independent  units, 
allowing  large  variation  in  the  heat  input.  The  column  pro¬ 
vides  for  investigating  either  simple  batch  or  continuous  opera¬ 
tion  with  or  without  forward  flow.  Feed  can  enter  at  any 
plate,  permitting  even  the  extremes  of  running  the  column  as 
a  stripping  or  as  an  enriching  section.  Temperature  measure¬ 
ments,  rates  of  flow,  and  samples  of  both  liquid  and  vapor  can 
be  obtained  at  all  vital  points.  In  addition,  provision  has 
been  made  for  performing  distillation  with  open  steam,  or 
under  pressure  or  vacuum. 

The  column  proper  contains  ten  plates,  built  up  as  separate 
sections.  Each  section  is  made  from  a  standard  6-inch  steel 
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turned  through  an  orifice 
device  for  continuous  rate 
measurement  similar  to  one 
described  by  Zimmerman 
and  La  vine  (I?).  The  cold 
reflux  then  passes  through  a 
short  double-pipe  steam- 
heated  heat  exchanger  before 
entering  the  column  at  the 
top  plate.  It  enters  the  plate 
in  the  same  manner  as  the 
feed,  at  the  point  where  the 
down  pipe  would  normally 
come  from  the  plate  above. 
It  is  felt  that  this  method  of 
dealing  with  the  problem  of 
hot  reflux  is  best,  as  experi¬ 
ence  with  other  student 
equipment  has  proved  that 
difficulty  is  encountered  with 
a  condenser  which  removes 
only  the  latent  heat  from  the 
overhead  vapors.  With  the 
arrangement  described,  the 
reflux  can  be  heated  and  kept 
without  difficulty  to  within 
1  °  F.  of  its  boiling  point. 

Details  of  the  boiler  de¬ 
sign  are  given  in  Figure  2. 

The  shell  is  made  from 
0.188-inch  steel,  rolled  and 
welded  into  a  cylinder  20 
inches  in  diameter  and  30 
inches  long.  One  end  is  closed 
by  a  plate  welded  to  the 
cylinder.  The  other  end  has 


pipe  nipple,  8  inches  long,  fitted  at  either  end  with  a  standard  fl¬ 
inch  cast  iron  flange.  The  plates,  bolted  between  these  sections, 
are  made  from  0.125-inch  cold-roiled  sheet  steel. 

Details  of  the  plate  design  are  shown  in  Figure  1 . 

Each  plate  is  fitted  with  two  bubble  caps,  made  of  the  ordi¬ 
nary  50-cc.  iron  crucibles  used  in  chemical  work.  The  slots, 
twelve  to  a  cap,  are  0.5  inch  high  and  0.25  inch  wide,  semicircu¬ 
lar  at  the  top.  The  slots  were  cut  on  an  ordinary  lathe  by  placing 
a  reaming  tool  in  the  chuck,  and  supporting  the  crucible  on  a 
special  holder  attached  to  the  tool  rest.  In  this  manner  the  spac¬ 
ing  of  the  slots  and  their  length  could  be  accurately  controlled. 
Between  the  caps  a  sheet  metal  dam  is  placed  to  direct  the  flow 
of  liquid  from  the  plate  above,  past  both  caps,  to  the  down  pipe. 
The  down  pipe  and  vapor  risers  are  made  of  1-inch  pipe,  turned 
down  to  give  a  tight  fit  in  holes  drilled  through  the  plate.  The 
caps  are  bolted  to  the  vapor  risers  with  toggle  bolts,  the  toggles 
of  which  straddle  the  lower  ends  of  the  risers.  In  order  to  provide 
sufficient  space  for  the  vapor,  the  lower  ends  of  the  vapor  risers 
are  cut  away  as  shown.  A  thermometer  well,  turned  from  0.56- 
inch  hexagonal  cold-rolled  steel,  enters  each  section  as  shown, 
through  a  drilled  and  tapped  0.75-inch  pipe  plug  placed  in  the 
wall  of  the  section  immediately  above  the  plate. 

Liquid  samples  are  taken  from  each  plate  near  the  down  pipe 
from  that  plate,  as  shown  in  Figure  1,  by  means  of  a  hole  drilled 
through  the  flange  below  the  liquid  level.  Provision  is  made  for 
removing  vapor  samples  from  each  plate  6  inches  above  the  plate. 
All  liquid  and  vapor  samples  are  led  individually  through  0.25-inch 
copper  tubing  through  a  water-cooled  condenser  box,  which  may 
be  filled  with  ice. 

The  column  is  designed  so  that  feed  may  enter  at  any  plate. 
The  0.375-inch  feed  pipes  enter  each  section  4  inches  above  the 
plate,  turn  down,  and  form  a  liquid  seal  on  the  plate  between 
the  down  pipe  from  the  plate  above  and  the  bubble  cap  nearest 
the  down  pipe.  This  is  done  to  prevent  splashing,  which  would 
affect  the  efficiency  of  the  plate.  The  feed  pipes  are  connected 
externally  to  two  headers,  leading  from  the  supply  drum. 

The  vapor  from  the  top  plate  is  led  to  a  condenser  through 
2-inch  copper  tubing.  The  condenser  is  of  copper,  with  water  in¬ 
side  the  tubes,  vapor  outside.  These  are  the  only  parts  of  the  still 
proper  made  of  copper,  and  were  used  because  they  were  avail¬ 
able  at  the  time  of  construction.  The  rest  of  the  equipment  is 
of  cast  iron  or  steel.  The  condenser  cools  the  overhead  vapor  to  a 
cold  liquid.  The  product  may  be  withdrawn  and  the  reflux  re- 


Figure  3.  Distillation  Unit 
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Table  I.  Miscellaneous  Dimensions 


Distance  between  plates,  inches 
Plate  area,  sq.  inches 
Slot  area  per  cap,  sq.  inches 
Slot  area  per  plate,  sq.  inches 
Down  pipe  area,  sq.  inches 
Vapor  riser  area,  sq.  inches 

Heating  surface,  sq.  feet 
Top  coil 
Middle  coil 
Bottom  coil 
Total 
Condenser 

43  tubes,  0.635  inch  outside 
diameter,  length,  inches 
Area  of  tubes,  sq.  feet 
(with  tube  sheets) 


8.5 

28.891 

1.199 

2.398 

0.864 

1.728 


4.82 

3.85 

1.93 

10.60 


17.75 

10.4 

11.1 


Figure  4.  McCabe-Thiele  Analysis  at  Total  Reflux 


welded  to  it  a  2-inch  flange  to  which  is  bolted  the  cover  plate. 
The  entire  unit  is  set  up  with  its  axis  horizontal,  mounted  on  four 
legs  bolted  to  lugs  welded  to  the  sides.  Three  sets  of  heating 
coils,  made  of  1-inch  pipe  with  return  bend  elbows,  are  welded 
to  the  cover  plate.  These  extend  into  the  lower  half  of  the  boiler. 
The  top  coil  consists  of  ten  pipes,  the  middle  of  eight,  and  the 
lower  of  four.  Steam  from  a  single  header  can 
be  admitted  to  these  coils  singly  or  to  any 
combination  of  them.  Condensate  from  all 
three  coils  passes  out  through  a  simple  Sarco 
thermostatic  steam  trap  to  a  drain,  with  provi¬ 
sions  for  measurement. 

Experience  has  shown  that  this  design  of  heat- 
ing  surface  works  more  satisfactorily  than  a 
jacketed  kettle  since,  with  the  entire  heating 
surface  always  submerged,  no  violent  splashing  of 
liquid  occurs  and  superheating  of  vapor  is  avoided. 

In  addition,  the  heating  area  may  be  varied  at  will. 

The  vapor  leaves  the  boiler  through  a  3-inch 
standard  pipe  leading  to  the  bottom  of  the  column. 

Liquid  returns  from  the  column  by  means  of  a 
1-incb  pipe  through  the  cover  plate,  arranged  with 
a  liquid  seal.  Both  pipes  enter  the  column  below 
the  tenth  plate  into  a  section  similar  to  the  others. 

A  1-inch  pipe  is  welded  into  the  top  of  the  boiler 
for  charging  and  for  inserting  a  long-stemmed 
Weston  dial  thermometer  which  extends  below  the 
liquid  level.  Gage  glass  fittings  are  welded  to  the 
rear  plate.  A  1-inch  pipe  leads  from  the  bottom 
of  the  pot  through  a  water  cooler  for  withdrawal 
of  bottoms.  The  design  permits  all  connections 
to  the  column  proper  to  be  easily  removed  and 
reconstructed. 

Asbestos  sheeting  was  found  to  be  a  very  satis¬ 
factory  gasket  material,  and  was  used  throughout. 

After  assembly,  the  entire  unit  was  insulated 
with  85  per  cent  magnesia  pipe  covering  and 
magnesia  cement. 

Figure  3  is  a  photograph  of  the  front  of  the  as¬ 
sembled  still.  The  positions  of  the  sample  lines, 
sample  cooler,  thermometer  wells,  valves  to 
control  steam  flow  to  the  heaters,  liquid  re¬ 
turn,  condenser,  and  reflux  orifice,  are  evident. 

Table  I  lists  other  pertinent  data. 


Operation 

Carbon  tetrachloride-toluene  is  the  mixture 
used  for  student  runs.  This  proves  to  be  an 
ideal  mixture  for  laboratory  tests,  since  equilib¬ 
rium  characteristics  show  no  abnormalities  ( 1 ). 
Furthermore,  analysis  of  samples  is  simplified, 
since  the  difference  in  densities  of  the  two 
components  is  so  great  that  a  Westphal  balance 
gives  sufficiently  accurate  and  rapid  deter¬ 
minations  of  the  composition.  Experience 
during  the  last  6  months  with  student  opera¬ 
tion  of  the  column  with  this  mixture  has 
shown  that  about  1.5  hours  are  required  for 
equilibrium  to  be  established,  and  about  2 
hours  for  sampling.  The  general  sampling 
procedure  is  to  start  from  the  top  of  the 
column  and  to  work  downward;  100-cc.  samples,  with¬ 
drawn  sufficiently  slowly  so  that  the  plates  are  not  drained, 
are  sufficient. 

Table  II  and  Figures  4  and  5  contain  data  from  a  typical 
run  at  total  reflux  and  one  atmosphere  total  pressure.  No 


Figure  5. 


Temperatures  and  Liquid  Compositions  on  Plates  at  Total 
Reflux 
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Table  II.  Data  of  Typical  Run 

Conditions  of  operation:  total  reflux,  atmospheric  pressure 
Mixture:  carbon  tetrachloride,  b.  p.  170.2°  F.;  toluene,  b.  p.  231.1°  F. 
Heaters  used:  middle  and  lower 

Steam:  15  pounds  per  sq.  inch  gage;  21.48  pounds  per  hour 
Reflux  rate:  182  pounds  per  hour 

Cooling  water:  in,  43°  F.;  out,  46°  F.;  rate,  6630  pounds  per  hour 


Plate  No. 

Temperature, 

Composition, 

Mole  Fraction  CCU 

Murphree 
Plate  Efficiency, 

from  Top 

°  F. 

Liquid 

Vapor 

% 

X 

171 

0.950 

0.995 

161. 

2 

172 

0.920 

0.952 

71.1 

3 

173 

0.873 

0.916 

61.5 

4 

175 

0.811 

0.873 

60.8 

5 

178 

0.740 

0.805 

49.2 

6 

183 

0.640 

0.732 

55.0 

7 

192 

0.483 

0.632 

70.9 

8 

200 

0.340 

0.463 

59.7 

9 

212 

0.191 

0.314 

76.4 

10 

220 

0.121 

0.192 

57.3 

Boiler 

226 

Reflux  at  orifice 

56 

0 .992 

Reflux  into 
column 

169 

0.992 

Liquid  return 
boiler  (La) 

to 

0.050 

Over-all  plate  efficiency,  78% 

Heat  balance:  Given  up  by  steam,  20,300  B.  t.  u.  per  hour 

Taken  out  by  cooling  water,  19,900  B.  t.  u.  per  hour 
Unaccounted  for,  400  B.  t.  u.  per  hour,  1.97% 


attempt  was  made  during  the  run  to  maintain  conditions  any 
more  carefully  than  is  the  practice  with  students.  The  heat 
balance  is  good,  and  the  individual  plate  efficiencies  are  typi¬ 
cal.  These  latter  vary  a  little  from  plate  to  plate,  and  the 
particularly  high  efficiency  of  the  top  plate  is  not  always  ob¬ 
tained. 
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Acetone-Ether  Mixtures  for 
Drying  Glassware 

AARON  E.  MARKHAM 
University  of  Washington,  Seattle,  Wash. 

MIXTURES  of  acetone  and  ether  have  been  found  more 
satisfactory  than  pure  acetone  for  drying  glassware. 
A  mixture  containing  equal  parts  of  the  two  by  volume  has 
been  used.  The  vapor  pressure  of  this  mixture  at  30°  C.  is 
about  90  per  cent  higher  than  that  of  pure  acetone  ( 1 ),  and 
evaporation  is  correspondingly  faster.  Thus  bottles  rinsed 
with  the  mixture  and  inverted,  without  the  use  of  suction  or 
air,  dried  in  about  two  thirds  the  time  required  when  pure 
acetone  was  used. 

The  mixture  has  better  solvent  power  than  acetone  for 
greases,  especially  the  customary  stopcock  preparations. 
The  formation  of  a  second  phase  does  not  occur  so  long  as 
the  water  content  is  low,  for  the  mixture  will  tolerate  13  per 
cent  by  volume  of  water. 
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The  Supersonic 
Oscillator 


BERNARD  H.  PORTER 
Acheson  Colloids  Corporation,  Newark,  N.  J. 

AS  EARLY  as  1917  Langevin  oscillated  quartz  crystals 
_t\_  at  their  natural  frequency  with  a  Poulsen  arc  and  pro¬ 
duced  intense  sound  waves  of  high  frequency  for  submarine 
signaling.  Since  this  initial  effort  the  arc  system  has  been 
replaced  by  the  more  stable  vacuum  tube  oscillator,  thereby 
extending  the  practical  applications  for  supersonic  energy. 
Some  of  the  more  important  uses  for  waves  which  vibrate 
with  frequencies  up  to  2,000,000  cycles  per  second  (1.5  X 
10 _4  cm.  wave  length)  include  the  following.  Supersonic 
waves 

Reduce  the  viscosity  of  such  colloidal  solutions  as  gelatin, 
agar-agar,  and  gum  arabic 

Emulsify  such  immiscible  liquids  as  benzene,  oil,  paraffin, 
and  mercury  with  water 

Disperse  both  low-  and  high-melting  point  metals  in  water, 
glycerol,  and  petroleum 

Aid  in  the  manufacture  of  catalysts  and  sols  for  chemical  and 
pharmaceutical  industries 


QEC  TIFIEQ  UNIT 
Figure  1.  Oscillator  and  Rectifier 


Prevent  grain  formation  and  improve  homogeneity  and 
stability  during  the  preparation  of  photographic  emulsions 
Cleave  such  highly  polymerized  molecules  as  starch,  gum  arabic, 
and  gelatin 

Liquefy  such  thixotropic  gels  as  iron  hydroxide,  bentonite, 
and  aluminum  hydroxide 

Accelerate  peptization  (the  rate  of  solution  of  rubber  in  aniline 
and  ether,  for  example,  is  increased  by  this  means.  Supersonic 
irradiation  also  peptizes  hydrated  precipitates  such  as  iron, 
chromium,  and  aluminum  hydroxide,  which  cannot  be  reduced 
by  other  mechanical  means) 

Disperse  liquids  like  benzene,  toluene,  and  water  in  air 
Coagulate  aerosols 

Orient  in  liquids  such  anisodimensional  particles  as  mica, 
glass,  and  quartz 
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Figure  2.  Table-Top  View  of  Oscillator 

Rectifier  unit  left;  oscillator  unit  right.  Leads  running  ofi  illustration  (at  right)  connect  with 
crystal  unit  shown  in  Figure  4,  and  should  be  as  short  as  possible. 


The  oscillator  portion  of  the  circuit  consists 
of  two  No.  242C,  100-watt  vacuum  tubes 
(Western  Electric),  a  tank  coil,  g,  and  tuning 
condenser,  h,  together  with  associated  by-con¬ 
densers,  i,  and  grid  leak  resistors,  j.  A  0-0.5 
high  frequency  ammeter  records  the  oscillator 
output. 

Insulator  supports  must  be  used  wherever  any 
of  these  parts  would  otherwise  touch  the  mount¬ 
ing  base.  A  distance  of  at  least  60  cm.  (2  feet) 
should  also  separate  the  two  units,  keeping  the 
iron  in  the  transformers  of  the  rectifier  unit  away 
from  the  tank  coil  and  tubes  of  the  oscillator. 
The  apparatus  of  each  unit  may  be  mounted 
on  separate  baseboards  measuring  30  X  75  cm. 
(1  X  2.5  feet)  (Figure  2). 

The  tank  coil  employed  in  the  oscillator  por¬ 
tion  of  the  circuit  requires  special  care  in  its 
construction.  It  consists  of  88  turns  of  varnished 
copper  wire  (1.125  mm.,  0.045  inch  in  diam¬ 
eter)  on  a  30-cm.  (12-inch)  long  Bakelite  frame, 
15  cm.  (6  inches)  in  diameter.  The  coil  has 
eight  adjustable  taps,  two  pairs  going  to  the 


Both  flocculate  and  deflocculate  suspended  particles  in  liquids 
Disintegrate  or  disrupt  lamellar  and  low  cohesion  bodies  like 

graphite,  mica,  and  steatite  ,  .  ,  ,  .  ... 

Rearrange  the  molecules  of  benzazide  m  benzene  and  m  aniline 

solution 

A  laboratory  model  for  producing  supersonic  vibrations 
and  obtaining  these  effects  can  be  readily  constructed. 
Essentially,  the  device  consists  of  two  units,  a  high-voltage 
rectifier  and  an  oscillator  which  motivates  a  quartz  crystal 
immersed  in  a  dielectric  fluid. 

The  rectifier  which  supplies  1100  volts  direct  current  to  the 
oscillator  utilizes  two  RCA  866  mercury  vapor  rectifying  tubes, 
a  high-voltage  transformer,  o,  swinging  choke,  5,  filter  condenser, 
c,  bleeder  resistor,  d,  and  filament  transformer,  e  (Figure  1).  I  he 
output  voltage  is  controlled  by  a  variable  transformer,  / ,  con¬ 
nected  to  the  input  of  a.  A  continuous  variation  from  0  to  liuu 
volts  is  thus  possible.  The  current  supplied  is  measured  by  a 
0-250  milliammeter. 


Figure  4.  Crystal  Unit 


ilates  and  grids  of  the  tubes  and  one  pair  each  to  the  tun- 
ng  condenser  and  to  the  cell.  The  distance  m  coil  turns 
between  the  various  tap  connections  should  be  maintained  as 
'ollows :  tuning  condenser,  68;  grid,  23;  output,  85;  and  plate, 
?5.  (These  distances  vary  with  the  parts  used  m  the  circuit; 
those  given  appear  to  provide  optimum  results.  If,  m  the  final 
adjustments,  the  plate  taps  must  be  moved  in,  the  grid  taps 
should  also  be  moved  a  corresponding  percentage  of  turns. 
Movement  of  the  plate  taps  toward  the  center  will  raise  the 
output  voltage ;  movement  of  the  output  taps  toward  the  center 
will  lower  the  output  voltage.  Care  must  be  taken  when  moving 
the  plate  taps  in  that  the  output  voltage  is  not  raised  to  so  high 
a  point  that  the  dielectric  strength  of  the  insulating  media  is 
broken  down.)  Taps  connecting  the  tube  plates  and  coil  are 
on  the  same  turn  as  the  taps  leading  to  the  condenser,  the 
grid  taps  are  purposely  crossed,  in  order  that  the  grid  output  of 
one  tube  may  activate  that  of  the  other. 

Of  all  piezoelectric  crystals,  quartz  is  chosen  for  the  activating 
cell  because  of  its  great  mechanical  strength  and  comparative 
ease  of  cutting  along  its  optical  and  electrical  axes.  The  crystal 
used  with  the  circuit  described  measures  approximately  3  44  cm. 
(1.375  inches)  in  diameter  and  possesses  a  thickness  which  corre¬ 
sponds  to  a  frequency  of  512.560  kilocycles  (24  C.)  One  pole 
of  electrical  contact  is  made  through  the  lead  block  and  brass 
base  on  which  the  immersed  crystal  rests  (Figure  3).  The  other 
electrode  consists  of  concentric  brass  rings,  the  outer  one  of  which 
is  mounted  on  porcelain  supports  above  the  base  Connection 
to  the  inner  ring  which  rests  lightly  on  the  crystal  face  and  aids 
in  holding  it  in  position  is  made  through  four  springlike  strips 
of  copper  (Figure  4).  Common  insulating  oil  is  a  useful  di¬ 
electric  or  crvstal  immersion  fluid.  The  height  of  the  fluid 
above  the  crystal  face  is  carefully  regulated  to  give  an  optimum 
fountain  head. 


Use  of  a  Condenser  to  Reduce  Galvanometer 
Oscillations  in  Polarographic  Measurements 

With  Particular  Application  to  Compensation  Method  of  Measuring 

Small  Diffusion  Currents 

JAMES  J.  LINGANE  AND  HERBERT  KERLINGER 
University  of  California,  Berkeley,  Calif. 


THE  polarographic  method  of  analysis  is  based  on  the 
interpretation  of  the  current-voltage  curves  that  are 
obtained  when  solutions  of  electroreducible  or  electrooxidiz- 
able  substances  are  electrolyzed  with  the  aid  of  a  dropping 
mercury  electrode  ( 1 ,2,3).  Asa  result  of  the  periodic  change 
in  area  as  each  mercury  drop  grows  and  falls  at  the  dropping 
electrode,  the  current  varies  from  virtually  zero  at  the 
very  beginning  of  the  formation  of  a  drop  to  a  maximum 
value  at  the  instant  the  drop  falls. 


Cell 


Figure  1.  Method  of  Connecting  a  Con¬ 
denser,  C,  into  Circuit  for  Damping  Gal¬ 
vanometer  Oscillations 


The  average  current  is  generally  less  than  100  micro¬ 
amperes,  and  it  is  usually  measured  by  means  of  a  sensitive 
mirror  galvanometer  of  relatively  long  period  (20  seconds  or 
greater) .  With  such  an  instrument  the  observed  oscillations 
are  much  smaller  than  the  true  change  in  current  during 
the  life  of  each  drop;  they  usually  amount  to  about  5  to  10 
per  cent  of  the  average  current.  The  oscillations  are  very 
uniform,  and  ordinarily  there  is  no  great  difficulty  in  meas¬ 
uring  their  average  value,  which  corresponds  very  closely 
to  the  true  average  current  (3,  4)-  However,  in  certain 
cases  the  oscillations  are  large  enough  to  be  troublesome 
and  it  is  therefore  very  desirable  to  have  a  method  of  reducing 
their  magnitude.  This  is  particularly  true  in  the  “compensa¬ 
tion  method”  of  measuring  small  waves  which  is  described 
below.  The  authors  have  found  that  the  most  satisfactory 
method  of  damping  the  oscillations  without  affecting  the 
value'  of  the  diffusion  current  is  to  connect  an  electrolytic 
condenser  of  high  capacitance  across  the  galvanometer 
shunts  as  indicated  by  C  in  Figure  1.  They  employed  a 
Heyrovsky-Shikata  type  of  polarograph  whose  principle  has 
been  described  elsewhere  in  detail  ( 1 ,  2,  3). 

The  effect  of  the  condenser  is  demonstrated  by  the  typical 
current-voltage  curves  in  Figure  2.  Curve  1  in  this  polaro- 
gram  was  recorded  in  the  usual  manner  (1 ,  2,  3)  with  an  air- 
free  solution  of  0.001  M  cadmium  sulfate  in  1  A  potassium 
chloride,  without  a  condenser  and  with  a  drop  time  of  4.2 
seconds.  Curve  2  was  recorded  with  the  condenser  (2000 
microfarads)  in  the  circuit  as  shown  in  Figure  1.  It  will  be 


noted  that  the  condenser  greatly  reduced  the  galvanometer 
oscillations,  without  changing  the  value  of  the  diffusion  cur¬ 
rent. 

The  condenser  damps  the  galvanometer  oscillations  by 
decreasing  the  variation  in  e.  m.  f.  across  the  shunts  of  the 
galvanometer,  that  otherwise  occurs  as  a  result  of  the  periodic 
change  in  current  through  the  cell.  When  a  mercury  drop 
falls  the  condenser  partially  discharges,  and  more  or  less 
completely  maintains  constant  current  through  the  galvanom¬ 
eter  until  the  next  drop  has  grown  sufficiently  so  that  the 
current  through  the  cell  is  restored  to  its  average  value, 
i.  During  the  later  growth  of  the  drop,  when  the  current 
through  the  cell  increases  above  its  average  value,  the  con¬ 
denser  absorbs  an  increment  of  charge  equal  to  that  lost  by 
discharge  when  the  preceding  drop  fell.  Since  the  internal 
resistance  of  the  electrolytic  condenser  is  very  large  compared 
to  that  of  the  galvanometer  and  shunts,  there  is  no  net  flow 
of  current  through  it,  and  hence  the  average  deflection  of  the 
galvanometer  is  the  same  with  and  without  the  condenser. 


Ea  Volts 

Figure  2.  Damping  Effect  of  Con¬ 
denser  on  Galvanometer  Oscilla¬ 
tions 

1.  0.001  M  cadmium  sulfate  in  I  N  potas¬ 

sium  chloride  without  condenser 

2.  Repeated  with  2000-microfarad  condenser 

in  parallel  with  galvanometer  shunts 


The  essential  condition  to  be  fulfilled  for  effective  damping 
is  that  the  capacitance,  C,  of  the  condenser  shall  be  large 
enough  so  that  the  average  charge,  CiR„  which  it  acquires  due 
to  the  ohmic  potential  drop,  iR„  across  the  combined  parallel 
resistance,  R„  of  the  galvanometer  and  shunts,  shall  be  much 
larger  than  the  increment  of  charge  that  flows  into  and  out 
of  it  during  the  formation  of  each  drop.  The  authors  have 
found  empirically  that  with  the  usual  type  of  galvanometer 
with  a  natural  period  four  to  five  times  larger  than  the  drop 
time,  td,  the  damping  will  be  effective  if  the  average  charge 
stored  in  the  condenser,  CiR„  is  equal  to  or  greater  than  the 
average  charge,  itd,  associated  with  each  drop.  That  is, 


CiR,  2;  itd 


(1) 
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Table  I.  Damping  Efficiency  of  Condenser  at  Various 
Settings  of  Ayrton  Shunt 


(Various  concentrations  of  CdSOi  in  1  A  KC1  plus  0.005%  gelatin,  with  a 
2000-microfarad  electrolytic  condenser  in  parallel  with  the  galvanometer 
and  shunts  as  shown  in  Figure  1.  Drop  time  =  3  seconds;  R„  -  38  ohms, 
R,  =  7  7  ohms;  Ra  =  10,000  ohms;  oscillations  without  and  with  the 
condenser  compared  at  Ed.  ,  ’=  -  1.0  volt  vs.  S.  C  E.  Shunt  setting /adjusted 
to  give  a  total  deflection  of  90  to  110  mm.  at  each  concentration  of  CdSOi.) 


CdSOi 

Milli- 

molar 

Rs 

0.4 

0.99 

Ohms 

105 

0.5 

0.95 

475 

0.6 

0.75 

1875 

0.7 

0.70 

2100 

1.0 

0.40 

2400 

2.0 

0.20 

1600 

3.0 

0.15 

1275 

5.0 

0.09 

820 

10.0 

0.045 

430 

25.0 

0.020 

200 

50.0 

0.010 

100 

Oscillations 

Without  With  Damping 

condenser  condenser  Factor 
Mm.  Mm. 

4.5  4.0  0.9 

6.0  2.5  0.4 

6.0  0.7  0.12 

6.0  <0.5  <0.1 

4.5  <0.5  <0.1 

4.0  <0.5  <0.1 

70  1.0  0.14 

7.0  2.0  0.28 

8  0  3.5  0.44 

7.0  5.0  0.7 

7.5  7.0  0.9 


or 


C  ^ 


-A  X  106  microfarads 
Ri$ 


(2) 


when  td  is  expressed  in  seconds  and  R ,  in  ohms.  This 
equation  is  only  an  approximation,  of  course,  but  is  a  useful 
guide  in  choosing  the  proper  capacitance  for  a  particular 
circuit. 

The  value  of  R„  and  hence  the  required  capacitance,  vanes 
with  the  setting  of  the  Ayrton  shunt  (R2R3  in  Figure  1).  If 
we  represent  the  setting  of  the  Ayrton  shunt— i.  e.,  the 
fraction  of  the  full  sensitivity— by  /,  then  it  is  evident  from 
Figure  1  that 

f  Jh _ =  (3) 

1  Ri  +  R3  Ra 


and 


R.  = 


[irfk  + 


RgR\ 

Rg  +  ^1 


Ra 


(4) 


where  Ra  is  the  internal  resistance  of  the  galvanometer  itself, 
and  Ra  is  the  constant  resistance  of  the  Ayrton  shunt  ( =  R 2 
+  R3) .  Since  Ra  and  Rx  ordinarily  will  be  much  smaller  than 
RA,  it  is  evident  that  R,  has  a  maximal  value  at  an  inter¬ 
mediate  value  of  /  close  to  0.5,  and  it  becomes  smaller  both 
when /is  very  small  and  when  /  approaches  its  maximal  value 
of  unity.  From  this  fact  and  Equation  2  it  follows  that  a 
given  condenser  will  be  most  effective  at  intermediate  values 
of  /.  The  authors  have  verified  this  conclusion  experimentally 
with  the  results  shown  in  Table  I.  From  Equation  2  they 
predict  that  at  a  drop  time  of  3  seconds  the  2000-microfarad 
condenser  used  should  have  been  most  effective  when  the  value 
of  /  was  such  that  R,  was  equal  to  or  greater  than  1500 
ohms.  In  agreement  with  this  prediction  the  values  of  the 
damping  factor  listed  in  the  last  column  of  Table  I  show 
that  with  this  particular  circuit  the  condenser  was  most 
effective  at  values  of  /  between  about  0.1  and  0.8  that  is, 
when  R,  was  greater  than  about  1000  ohms. 

By  employing  a  condenser  with  a  capacitance  of  5000 
microfarads  the  authors  found  that  the  oscillations  could 
be  practically  completely  eliminated  under  optimum  condi¬ 
tions,  and  the  damping  was  effective  down  to  a  value  of  /  of 
about  0.03.  It  was  impractical  to  use  a  condenser  of  capaci¬ 
tance  much  greater  than  5000  microfarads,  because  the  ap¬ 
parent  half-period  of  the  galvanometer  became  so  large 
(about  70  seconds)  that  the  response  of  the  instrument  lagged 
appreciably  behind  the  increase  in  current  on  the  rising  part 
of  a  wave. 


Improved  Compensation  Method  of  Measuring 
Diffusion  Currents 

Suppose  that  a  certain  reducible  substance,  B,  is  to  be  deter- 
mined  and  that  the  solution  also  contains  a  more  easily  re- 
ducible  substance,  A,  that  is  present  in  much  larger  concentra¬ 
tion.  In  order  to  obtain  the  small  wave  of  the  minor  constituent, 
B,  on  the  polarogram  it  is  necessary  to  employ  a  relatively  small 
sensitivity  of  the  recording  galvanometer,  so  that  the  large 
wave  of  A  is  also  obtained,  and  under  these  conditions  the  small 
wave  of  B,  preceded  by  the  larger  wave  of  A,  is  too  small  for  ac¬ 
curate  measurement.  This  is  demonstrated  by  curve  1  in  Fig¬ 
ure  3  which  was  obtained  with  a  solution  containing  O.OUd  m 
cadmium  sulfate  and  only  5  X  10~4  M  zinc  sulfate  in A  N  potas¬ 
sium  chloride.  The  small  wave  of  the  zinc,  preceded  by  the 
large  wave  of  cadmium,  is  too  small  for  accurate  measurement. 


Figure  3.  Compensation  Method  of  Measur¬ 
ing  a  Small  Diffusion  Current  Preceded  by  a 
Large  Wave  of  a  More  Easily  Reducible 
Substance 


In  order  to  determine  the  minor  constituent,  B  e.  g., 
Zn++ — without  a  preliminary  chemical  separation,  various 
authors  ( 2 ,  5)  have  recommended  that  the  interfering  dif¬ 
fusion  current  of  A— e.  g.,  Cd++— be  compensated  (reduced 
to  zero)  by  sending  a  current  of  equal  magnitude  through 
the  galvanometer  in  an  opposite  direction  from  an  outside 
source.  After  the  diffusion  current  of  A  is  balanced  out, 
the  sensitivity  of  the  galvanometer  can  be  increased  so  that 
the  wave  of  B  becomes  large  enough  for  convenient  measure¬ 
ment.  This  compensation  method  has  heretofore  not  been 
very  practical,  and  its  application  has  been  limited  by  the 
fact  that  the  galvanometer  oscillations  retain  about  then- 
same  magnitude  (in  terms  of  microamperes)  when  the  inter¬ 
fering  diffusion  current  is  balanced  out,  and  when  the  sen¬ 
sitivity  is  increased  to  record  the  wave  of  the  more  dif¬ 
ficultly  reducible  minor  constituent  the  oscillations  become 
so  very  large  that  they  seriously  interfere  with  the  measure¬ 
ment.  This  difficulty  can  be  eliminated,  and  the  range  of 
the  compensation  method  increased  manyfold,  by  using  a 
condenser  to  damp  the  galvanometer  oscillations  as  de¬ 


scribed  above.  .  , 

The  compensation  circuit  shown  in  Figure  4  was  employed 
in  conjunction  with  a  Heyrovsky-Shikata  polarograph 
The  e.  m.  f.  across  the  galvanometer  and  its  shunts,  generated 
by  the  interfering  diffusion  current,  is  balanced  out  by  an 
opposing  e.  m.  f.  from  an  auxiliary  2-volt  battery  which  is 
regulated  by  the  rheostat,  R-i,  and  the  variable  resistance, 

Rx. 


The  use  of  this  compensation  circuit  is  best  explained  by  the 
typical  example  shown  in  Figure  3.  After  curve  >  1  was  ob¬ 
tained  in  the  usual  way,  the  applied  e  m.  f.  was  set  to  0-8  volt  by 
manual  adjustment  of  the  bridge  of  the  polarograph,  so  that  the 
interfering  diffusion  current  of  the  cadmium  was  obtained 
Switch  S2  was  then  closed,  and  the  compensating  e.  m.  f.  was 
adiusted  by  regulating  R 1  and  R>  until  the  galvanometer  deflec 
Son  was  reduced  approximately  to  zero.  The  sensitivity  of  the 
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galvanometer  was  then  increased  by  changing  the  setting  of  the 
Ayrton  shunt  from  /  =  0.08  to  /  =  0.40,  a  small  readjustment 
of  the  compensating  e.  m.  f.  was  made  to  bring  the  galvanometer 
deflection  exactly  to  zero,  and  the  wave  of  the  zinc  was  recorded 
starting  at  an  applied  e.  m.  f.  of  0.8  volt.  Curve  2  was  obtained 


G 


Polarograph 


Figure  4.  Improved  Compensation 
Circuit  Employing  a  Condenser  to 
Decrease  Galvanometer  Oscilla¬ 
tions 

C.  2000-  to  5000-microfarad  electrolytic  con¬ 
denser 

after  compensating  the  cadmium  wave  without  the  condenser 
in  the  circuit,  whereas  curve  3  was  obtained  with  the  condenser 
(2000  microfarads).  Without  the  condenser  (curve  2)  the 
galvanometer  oscillations  are  so  large  that  the  measurement  of 
the  wave  height  is  difficult,  but  with  the  condenser  (curve  3) 
the  oscillations  are  greatly  decreased  and  the  wave  height  is 
easily  measurable. 

Without  the  use  of  a  condenser  the  compensation  method 
is  impractical  when  the  concentration  of  the  interfering 


major  constituent  is  greater  than  about  ten  times  that  of  the 
minor  constituent,  because  of  the  exceedingly  large  oscillations 
of  the  galvanometer.  On  the  other  hand,  when  a  condenser 
of  the  proper  capacitance  is  used  it  is  possible  under  optimum 
conditions  to  employ  the  compensation  method  up  to  a 
concentration  ratio  of  the  major  and  minor  constituents  of 
about  fifty. 

Any  tendency  of  the  diffusion  current  to  change  with 
changing  applied  e.  m.  f.  is  greatly  magnified  in  the  com¬ 
pensation  method.  The  diffusion  current  usually  tends  to 
decrease  with  increasing  negative  potential  beyond  about 
—  0.6  volts  vs.  the  S.  C.  E.  owing  to  the  decrease  of  the  drop 
time  with  increasing  negative  potential.  With  the  ordinary 
method  of  measurement  this  change  is  usually  not  very 
noticeable  ( 8 )  but  it  becomes  very  pronounced  when  the  com¬ 
pensation  method  is  used,  as  shown  by  curves  2  and  3  in 
Figure  3.  This  fact  limits  the  application  of  the  compensa¬ 
tion  method  to  very  well-defined  waves. 

Summary 

A  method  for  decreasing  the  magnitude  of  the  galvanometer 
oscillations  in  polarographic  measurements  uses  an  electrolytic 
condenser  connected  across  the  galvanometer  shunts.  By 
the  proper  choice  of  capacitance  the  galvanometer  oscilla¬ 
tions  can  be  practically  completely  eliminated  without  af¬ 
fecting  the  diffusion  current.  The  application  of  this  prin¬ 
ciple  greatly  extends  the  practical  applicability  of  the  com¬ 
pensation  method  of  measuring  small  diffusion  currents. 
An  improved  compensation  circuit  is  described. 
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A  High-Output  Electric  Flask  Heater 

HAROLD  A.  KRANTZ  AND  RALPH  W.  HUFFERD,  Kendall  Refining  Co.,  Bradford,  Penna. 


AN  ELECTRIC  flask  heater  was  designed  with  sufficient 
_  heat  output  to  distill  higher  boiling  petroleum  fractions 
(up  to  343°  C.,  650°  F.)  and  utilize  maximum  flask  area  for 
heat  transfer.  Its  design  permits  supplementary  heat  with 
a  Bunsen  burner.  Constructed  with  three  separate  heating 
units,  it  furnishes  a  wide  range  of  heat  output.  It  is  simply 
made,  inexpensive,  and  durable. 


Figure  1 
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A  3-liter  flask  was  used  as  a  mold  about  which  the  heater  was 
constructed.  To  support  the  heating  coils  during  the  application 
of  the  refractory  material,  a  framework  of  wires  was  constructed 
about  the  flask.  A  ring  of  16-gage  wire  was  formed  around  the 
neck  of  the  flask,  and  ten  30-cm.  (12-inch)  lengths  of  26-gage 
wire  were  fastened  at  one  end  to  the  ring.  The  wires  were  evenly 
spaced  about  the  neck  of  the  flask  and  brought  longitudinally  to 
the  bottom,  where  the  ends  were  twisted  together.  Three 
heating  coils  were  formed  by  winding  separate  10.5-meter  (35- 

foot)  lengths  of  20-gage  oxidized 
Nichrome  wire  on  an  arbor  3 
mm.  (0.125  iiich)  in  diameter. 
Each  coil  was  slightly  stretched, 
so  that  adjacent  turns  did  not 
touch.  The  coils  were  placed 
parallel  to  each  other  on  1.56- 
cm.  (0.625-inch)  centers  and 
wound  about  the  flask  as  shown 
in  Figure  1  (left  and  right). 
Thread  was  used  to  fasten  the 
coils  firmly  to  the  longitudinal 
wires. 

The  heating  coils,  now  firmly 
fastened  to  the  flask,  were  en¬ 
tirely  filled  with  softened  paraf¬ 
fin  wax.  A  thin  layer  of  wax 
was  then  applied  to  the  outside 
of  the  coils  and  to  the  area  of  the 


terminal  ends 
’I^of  resistance  coils 

/ 


DECEMBER  15,  1940 


ANALYTICAL  EDITION 


753 


flask  upon  which  the  refractory  material  was  to  be  plastered 
(Figure  1,  center  and  right).  A  conduit  for  the  terminal  ends  of 
the  resistance  wire  (Figure  1,  center)  was  formed  by  3.75-cm. 
(1.5-inch)  lengths  of  6-mm.  Pyrex  tubing. 

Refractory  material — Hitempite,  Quigley  Co.,  56  West  45th 
St.,  New  York,  N.  Y.,  a  plastic  used  for  binding  firebrick  in 
furnaces — was  plastered  over  the  assembly  in  four  separate  layers. 
Time  was  allowed  after  each  application  for  drying,  and  between 
the  second  and  third  applications  1.56-mm.  (0.067-inch)  braided 
asbestos  tubing  was  used  for  reinforcing  material.  The  total 
thickness  of  the  four  layers  of  fire  clay  was  approximately  3.1 
cm.  (1.25  inches).  . 

The  heating  unit  was  removed  from  the  flask  by  cutting  the 
longitudinal  wires  and  filling  the  flask  with  hot  water  to  melt 
the  paraffin.  The  wires  still  in  place  were  removed  after  cutting 
the  threads  attaching  them  to  the  heating  coils.  The  assembly 
was  then  placed  under  a  hood,  and  a  small  current  passed  through 
each  heating  coil  to  volatilize  the  remaining  paraffin  and  further 
dry  the  fire  clay.  (Care  was  taken  to  remove  any  small  amounts  of 
refractory  material  from  the  exposed  side  of  the  heating  coils  where 


they  had  become  entirely  encompassed  in  application.)  When  the 
wax  had  melted  away,  about  two  thirds  of  the  outside  diameter 
of  each  turn  of  the  heating  coil  was  surrounded  by  refractory 
material.  Thus  the  coils  were  held  firmly  in  the  heater  body. 

A  support  was  made  for  the  heater  from  a  length  of  0.625- 
cm.  (0.25-inch)  pipe,  bent  into  a  circle  of  proper  diameter  to  fit 
approximately  the  outer  circumference  of  the  heater  at  about 
half  its  horizontal  height  (Figure  1,  center).  One  end  was  bent 
to  extend  laterally  from  the  side  of  the  heating  unit  and  the  pipe 
was  cemented  into  place  with  sufficient  refractory  material  to  make 
it  an  integral  part  of  the  heater.  A  clamp  can  be  used  to  support 
the  heater  on  a  ring  stand. 

Any  desired  heat  output  can  be  obtained  within  the  maximum 
limits  of  the  heater.  Each  resistance  coil  draws  4.5  amperes  at 
110  volts,  giving  approximately  500  watts  maximum  output  per 
individual  unit.  The  heating  coils  were  arranged  so  that  one, 
two,  or  three  could  be  connected  into  a  single  lead. 

The  heater  also  operates  conveniently  with  a  2-liter  flask. 
A  Bunsen  burner  can  be  used  to  furnish  supplementary  heat 
through  the  10-cm.  (4-inch)  opening  in  the  base  of  the  heater. 


Accurate  Measurement  of  X-Ray 
Diffraction  Films 

HAROLD  P.  KLUG,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  accurate  measurement  of  line  positions  on  powder 
and  rotation  photographs  is  a  problem  in  all  precision 
diffraction  studies.  This  problem  is  complicated  by  the  fact 
that  x-ray  lines  cannot  be  subjected  to  high  magnification, 
since  they  then  tend  to  fade  into  the  background.  The  usual 
types  of  comparators  with  high  magnification  are  therefore 
unsatisfactory. 

Numerous  devices  for  measuring  x-ray  films  have  been 
described  (1-5),  and  all  of  them  are  based  on  the  use  of  a 
highly  accurate  engraved  scale  or  an  accurate  micrometer 
screw.  The  chief  problem  is  to  set  the  movable  pointer  or 
cross  hair  accurately  on  the  edge  or  center  of  the  line.  To 
accomplish  this  some  have  incorporated  costly  auxiliary 
equipment  such  as  photometers  ( 1 ),  cathode-ray  oscillographs 
(5),  etc.  The  average  device  for  these  measurements  is  thus 
very  costly. 


The  instrument  described  involves  only  minor  changes 
in  design,  but  it  has  proved  to  be  simple  to  manipulate, 
sufficiently  accurate,  satisfactory  for  both  powder  and  rota¬ 
tion  photographs,  and  economical  to  construct,  since  it  re¬ 
quires  only  standard  available  parts  and  simple  machine 
work.  The  design  of  the  movable  pointer,  means  for  holding 
the  films  in  place,  and  source  of  illumination  are  improved 
features. 

Apparatus 

Figure  1  shows  a  line  drawing  of  the  complete  measuring  de¬ 
vice.  The  base  is  a  wooden  case,  A,  with  sloping  front.  A  hinged 
back  on  the  case  gives  ready  access  to  the  source  of  illumination 
mounted  therein.  The  fight  source  is  a  Day  Brite  fluorescent 
lamp  unit  (Westinghouse  catalog,  No.  8930)  with  a  2.5  X  45  cm. 
(1  X  18  inch),  15-watt,  daylight  Mazda  lamp.  A  piece  of  mdky 
glass  placed  between  it  and  the  film  support  results  in  a  very 


Figure  1.  Measuring  Device 
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uniform  and  satisfactory  source  of  illumination.  A  cheaper,  but 
less  satisfactory,  light  source  is  a  row  of  “eight  in  series”  white 
Mazda  Christmas-tree  lamps  behind  the  milky  glass  diffusing 
screen. 

Particularly  with  the  Christmas-tree  lamps,  and  to  a  less  ex¬ 
tent  with  the  fluorescent  lamp,  some  cooling  is  desirable  to  pre¬ 
vent  the  film,  scale,  etc.,  from  becoming  warm  and  expanding 
during  the  course  of  a  series  of  measurements.  Such  cooling  is 
achieved  by  blowing  compressed  air  through  a  series  of  holes  in 
a  brass  tube,  B,  running  the  length  of  the  case.  Air  holes  in  the 
back  of  the  case  permit  circulation  of  the  cooling  air. 

C  is  an  aluminum  alloy  (17ST)  plate,  46.45  X  12.5  X  0.469 
cm.  (18.5  X  5  X  0.188  inches),  attached  to  the  wooden  case  at 
three  points.  It  has  a  2.5  X  35  cm.  (1  X  14  inch)  opening  di¬ 
rectly  over  an  illuminated  slot  in  the  wooden  case.  A  piece  of 
plate  glass  with  its  upper  surface  flush  with  the  surface  of  C  fills 
this  opening,  and  serves  as  a  support  for  2.5  X  32.5  cm.  (1  X  13 
inch)  powder  films  which  are  temporarily  held  in  place  by  the 
spring  clips  D,  at  each  end.  E  is  a  similar  aluminum  alloy  plate, 
46.45  X  8.75  cm.  (18.5  X  3.5  inches),  hinged  to  C  at  the  upper 
edge.  A  1.25  X  35  cm.  (0.5  X  14  inch)  beveled  slot  in  it  is  cen¬ 
tered  over  the  opening  in  C.  E  is  lifted  up  for  insertion  of  a  film 
and  returned  to  position.  When  the  film  has  finally  been  ad¬ 
justed  to  the  exact  position  for  measurement  it  is  clamped  tightly 
in  position  between  plates  C  and  E  by  the  removable  thumb¬ 
screws,  M,  which  are  threaded  into  C.  Plates  C  and  E  must  be 
flat  and  have  good  surfaces.  To  ensure  this  it  is  well  to  specify 
that  they  be  cut  by  sawing  rather  than  by  shearing. 

The  scale,  F,  is  a  60-cm.  vernier  caliper  (No.  122  M,  L.  S. 
Starrett  Co.,  Athol,  Mass.)  graduated  in  0.5-mm.  divisions  and 
provided  with  a  vernier  reading  to  0.02  mm.  It  is  clamped  in 
position  1.875  cm.  (0.75  inch)  above  plate  E  by  the  slotted  blocks, 
G,  fastened  to  E.  Clamped  to  the  movable  jaw  is  a  2.5-cm. 
(1-inch)  4  X  magnifying  lens,  in  a  tubular  focusing  mount,  H,  for 
reading  the  vernier.  The  vernier  is  illuminated  by  a  2.5-volt 
flashlight  bulb  in  tube  J.  One  contact  is  made  at  the  end  of 
J  by  a  flexible  wire,  K,  and  the  other  through  the  metal  parts 


of  the  instrument.  A  toggle  switch  on  the  left  end  of  the  case 
controls  the  fight  whose  current  source  can  be  two  dry  cells  or  a 
small  transformer.  A  rectangular  lens  would  give  a  slightly  better 
field  in  reading  the  vernier. 

The  movable  jaw  was  also  drilled  at  L  and  provided  with  set¬ 
screws  for  holding  a  pointer,  P,  in  place.  In  Figure  1  is  shown  a 
detail  of  P,  which  is  used  in  the  horizontal  position.  The  angle  of 
the  point  should  not  be  too  sharp  nor  too  broad — approximately 
15°  has  been  found  satisfactory.  The  tip  of  the  pointer  should 
not  end  in  too  sharp  a  point  but  should  be  slightly  dull.  The 
pointer  is  adjusted  to  be  just  the  thickness  of  a  thin  sheet  of 
paper  above  the  film,  thereby  preventing  parallax  errors.  With 
this  type  of  pointer  and  a  low-power  reading  glass  it  is  possible 
to  set  on  the  edge  or  center  of  a  line  with  ease  and  accuracy.  For 
example,  in  determining  the  position  of  the  undeviated  beam 
image  on  a  powder  film  a  single  setting  was  made  on  the  center 
of  each  of  five  pairs  of  lines  symmetrically  situated  with  respect 
to  the  exit  beam.  These  measurements  gave  for  the  position  of 
the  beam  image  36.308,  36.305,  36.306,  36.305,  and  36.307; 
average,  36.306. 

Rotation  films  are  inserted  in  the  device  and  shifted  to  bring 
successive  layer  lines  into  position  for  measuring. 
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Figure  1.  Cooling  Unit 

Above.  Adjusted  to  centrifuge  lid 
Below.  Disassembled 


A  Centrifuge  Cooling  Unit 

H.  L.  WUNDERLY  and  L.  S.  SMELO 

Renziehausen  Diabetic  Foundation, 
Children’s  Hospital,  Pittsburgh,  Penna. 


SOMETIMES  it  is  desirable  to  keep  liquids  5°  to  10°  below  room  tem¬ 
perature  during  centrifuging.  For  those  lacking  a  refrigerating  unit 
an  attachable  cooling  unit  utilizing  solid  carbon  dioxide  may  prove  satisfac¬ 
tory.  Such  a  unit  was  devised  in  this  laboratory  for  the  centrifuge  (Inter¬ 
national  Equipment  Company,  size  1,  type  SB  centrifuge). 

The  unit  (Figure  1)  consists  of  a  metal  container,  9  inches  in  diameter  and  2.5 
inches  deep,  within  which  is  a  short  copper  coil  (gas  stove  copper  connection)  the 
open  ends  of  which  project  through  the  centers  of  the  top  and  bottom  of  the  con¬ 
tainer.  The  coil  is  held  in  place  by  solder  where  it  is  inserted  through  the  bottom 
of  the  container.  The  unit  is  packed  with  solid  carbon  dioxide  by  removing  the 
lid.  Then  it  is  assembled  and  adjusted  to  the  underside  of  the  lid  of  the  centri¬ 
fuge  by  the  threaded  end  of  the  copper  coil,  which  projects  through  both  the  lid  of 
the  container  and  the  lid  of  the  centrifuge  and  is  held  firmly  by  means  of  a  metal 
nut.  Sufficient  clearance  must  exist  between  the  cooling  unit  and  the  head  so  that 
there  is  no  possibility  of  the  centrifuge  tubes  coming  in  contact  with  the  cooling 
unit.  A  metal  brace  to  fit  around  the  container  gives  support  to  the  unit.  If  the 
lid  of  the  centrifuge  does  not  fit  firmly  on  the  protecting  case  when  enclosed,  in¬ 
sulating  with  adhesive  tape  adds  to  the  efficiency  of  the  cooling  process. 

The  temperature  attained  in  the  centrifuge  is  dependent  on  the  quantity  of 
solid  carbon  dioxide  placed  in  the  container  and  the  temperature  of  the  labo¬ 
ratory. 


Table  I.  Effectiveness  of  Cooling  Unit 


(During  10-minute  periods  of  centrifuging  water  initially  cooled  to  20°) 

Final  Temperature  of  Water 
Without  cooling  unit  at  With  cooling  unit  at 
room  temperature  of  room  temperature 

R.  p.  m.  28°  C  of  29°  C. 


1100 

1800 

2400 

2800 


28.0 

20.5 

29.0 

20.0 

30.0 

21.5 

32.0 

21.5 

A  Laboratory-Size  Leaf-Type  Pressure  Filter 

T.  F.  CLARK,  N.  PORGES,  AND  S.  I.  ARONOVSKY,  Agricultural  By-Products  Laboratory,  Ames,  Iowa 


THE  need  of  a  small  closed  filter  for  laboratory  operations 
was  indicated  during  the  studies  of  pilot-plant  scale  (1) 
and  semicontinuous  (S)  production  of  gluconic  acid  by  fer¬ 
mentation  of  glucose  solutions.  For  the  purpose  of  repeated 
noncontaminated  recovery  of  mycelia  for  reuse  in  mold 
fermentations,  several  conditions  must  be  met.  The  filter 
must  be  easily  and  positively  sterilized,  prevent  the  ingress 
of  contaminating  organisms,  facilitate  the  return  of  mycelia 
to  the  fermenter,  and  be  constructed  of  materials  which  do 
not  inhibit  further  activity  of  the  fermenting  organism. 


Figure  1.  Assembled  Filter  Ready  for  Operation 


The  filter  case  consists  of  a  11.25-cm.  (4.5-inch)  square  tubular 
section  and  top  and  bottom  closing  plates  [1.25  cm.  (0.5  inch) 
thick  and  15  cm.  (6  inches)  square].  The  tubular  section  was 
made  from  four  plates,  each  0.625  X  11.25  X  12.5  cm.  (0.25  X 
4.5  X  5  inches).  The  short  sides  of  these  plates  were  mitered  and 
welded  together  with  the  same  metal  by  means  of  atomic  hy¬ 
drogen.  The  top  and  bottom  plates  were  held  in  place  by  eight 
steel  tie  rods  threaded  through  the  bottom  plate  and  secured 
by  lock  nuts.  Rubber  gaskets  at  top  and  bottom  prevented 
leakage. 

Three  filter-leaf  assemblies  (Figures  3  and  4)  adaptable  for 
either  top  or  bottom  drainage  provided  the  actual  filtering  ele¬ 
ments.  The  square  leaf  frames  with  7.5-cm.  (3-inch)  openings 
were  1 .875  cm.  (0.75  inch)  thick.  The  inner  edges  of  the  frame 
were  rounded  to  prevent  cutting  of  the  filter  cloths.  In  the  top 
of  the  frame  a  hole  was  drilled  and  tapped  from  both  ends  for 
1/8-inch  aluminum  tubing  to  provide  means  for  carrying  away 
the  filtrate.  (Dimensions  with  reference  to  tubing  sizes  are  I. 
P.  S.)  The  section  of  tubing  within  the  frame  (Figure  3)  was  re¬ 
movable  so  that  top  drainage  might  also  be  accomplished.  Each 
frame  was  covered  with  woven  aluminum  filter  cloth  held  in 
place  by  aluminum  retainers,  or  frame  covers,  0.156  cm.  (0.0625 
inch)  thick,  the  shape  of  which  corresponded  to  that  of  the  leaf 
frames.  Stainless-steel  machine  screws  and  nuts  securely  held 
the  frame  covers  and  filter  cloths  to  the  frames. 

A  header  block  and  manifold  assembly  provided  means  for 
consolidation  and  discharge  of  the  filtrate.  This  block  was  con¬ 
structed  from  a  piece  of  2.5  X  5  cm.  (1  X  2  inch)  aluminum  bar 
stock  15  cm.  (6  inches)  long,  fitted  with  a  thin  rubber  gasket,  and 
bolted  to  the  top  plate  as  shown  in  Figure  4.  Three  holes  were 
drilled  vertically  through  the  top  plate  and  header  block  to  ac¬ 
commodate  the  discharge  tubes  from  the  filter  leaves.  Three 
discharge  ports  were  drilled  on  one  side  of  the  block  to  meet  the 
vertical  holes,  and  were  tapped  for  l/8-ineh  pipe  connections  to 
the  manifold.  The  small  size  of  this  filter  unit  necessitated  dis¬ 
placement  of  the  end  discharge  ports  to  allow  sufficient  clearance 
for  0.31-cm.  (0.125-inch)  aluminum  unions.  The  discharge  tubes 
from  the  top  of  the  filter  leaves  extended  through  the  vertical 
holes  in  the  header  block  and  were  secured  at  the  upper  ends  by 
0.31-cm.  (0.125-inch)  aluminum  pipe  caps.  Leakage  of  the 
filtrate  was  prevented  by  means  of  rubber  gaskets  between  the 
top  plate  and  filter  leaves  and  by  a  combination  of  rubber  gaskets 
and  aluminum  washers  between  the  pipe  caps  and  header  block. 
A  0.625-cm.  (0.25-inch)  hole,  drilled  in  the  discharge  tube  at  the 
position  of  the  discharge  port  in  the  header  block,  permitted  the 
filtrate  to  pass  from  the  tubes  to  the  manifold.  Short  aluminum 
nipples  and  unions  connected  the  header  block  to  the  manifold. 
Three  holes  were  drilled  and  tapped  for  '/s-inch  tubing  in  a  sec¬ 
tion  of  1/2-inch  aluminum  pipe  in  positions  corresponding  to 


In  general,  commercial  pressure  filters  of 
the  leaf  type  are  satisfactory  for  pilot-plant 
studies,  but  the  relatively  large  size  of  such 
units  is  objectionable  for  laboratory  studies 
where  comparatively  small  quantities  of 
solids  are  handled.  Therefore,  for  use  in 
conjunction  with  fermentation  studies  in 
small,  rotary,  aluminum  drums  (2),  a  small 
leaf-type  pressure  filter  was  designed  and 
constructed  of  aluminum  at  this  laboratory. 
The  selection  of  material  for  such  a  filter, 
however,  depends  entirely  upon  the  nature 
of  the  substances  to  be  filtered. 

Design  and  Construction 

The  assembled  filter  and  its  various  com¬ 
ponent  parts  are  shown  in  Figures  1  to  4. 
With  the  exception  of  the  stainless-steel 
machine  screws  and  the  external  tie  rods, 
the  filter  assembly  was  fabricated  from  com¬ 
mercially  pure  aluminum  alloys. 


Figure  2.  Filter  Case  and  Top  Assembly,  Showing  Filter  Leaves 


755 


756 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


VOL.  12,  NO.  12 


Figure  3.  Components  of  Filter  Leaf,  Showing  One 
Filter  Cloth  and  Frame  Cover 


those  of  the  discharge  ports  in  the  header  block.  This  section 
was  threaded  at  both  ends  and  served  as  the  discharge  manifold. 

The  inlet  port,  a  hole  in  the  center  of  the  bottom  plate,  was 
tapped  for  3/8-inch  pipe.  In  order  to  provide  space  for  valves  and 
fittings  beneath  the  filter,  two  supports  were  formed  from  steel 
straps  (Figure  1)  and  fastened  to  the  lower  ends  of  the  tie  rods. 

Discussion 

The  assembled  filter  has  a  calculated,  wet-cake  (solids) 
capacity  of  0.69  liter.  The  internal  hydraulic  pressure  to 
which  this  filter  is  usually  subjected  is  30  pounds  per  square 
inch  (3.16  kg.  per  sq.  cm.),  the  pressure  used  in  the  fermenta¬ 
tion  studies  for  the  semicontinuous  production  of  gluconic 
acid  (3).  The  effective  filtering  surface  of  this  unit  is  54 
square  inches  (0.348  square  meter). 

A  filter  of  such  design  can  be  constructed  without  difficulty 
in  any  laboratory  equipped  with  the  usual  shop  facilities. 
The  present  unit  is  satisfactory.  However,  the  construction 
could  be  improved  by:  welding  the  bottom  plate  to  the 
square  tubular  section;  welding  the  header  block  to  the  top 
plate;  welding  a  flange  section  around  the  top  of  the  square 
tube  to  permit  the  use  of  short  bolts  instead  of  long  tie  rods; 
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Figure  4.  Details  of  Top  Plate,  Header  Block  Assembly,  and  Leaf  Frame  for  Filter 

All  dimensions  in  inches 
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and  installing  a  vent  in  the  top  plate  to  permit  the  exhaustion 
of  air  entrapped  when  bottom  drainage  is  employed. 

The  principles  upon  which  this  filter  operates  are  not  new. 
In  1912,  a  patent  on  a  pressure  leaf  filter  in  which  the  basic 
principles  are  similar  to  that  described  in  this  manuscript  was 
issued  to  Sweetland  (4).  Later  he  was  granted  a  patent  for 
a  bottom  drainage  leaf  of  circular  design  (5).  However,  to 
the  authors’  knowledge,  this  is  the  first  time  that  square  leaves 
and  the  choice  of  either  top  or  bottom  drainage  have  been 
incorporated  into  a  single,  laboratory-size  filter  assembly  of 
simple  construction. 

Summary 

A  laboratory-size,  leaf -type  pressure  filter  has  been  designed 
and  constructed  for  experimental  studies.  Simple  construc¬ 
tion  permits  fabrication  in  the  average  laboratory  shop.  The 
filter  leaves  are  adaptable  to  either  top  or  bottom  drainage. 


This  filter  has  an  effective  filtering  surface  of  54  square 
inches  and  a  calculated,  wet-cake  capacity  of  0.69  liter.  Hy¬ 
draulic  pressures  up  to  30  pounds  per  square  inch  (gage) 
have  been  used  successfully. 
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An  Electronic  Relay 


C.  E.  RUDY,  Jr.,  AND  PAUL  FUGASSI,  Carnegie  Institute  of  Technology,  Pittsburgh,  Penna. 


THE  control  of  the  electrical  power  requirements  of  ther¬ 
mostats,  barostats,  and  similar  equipment  by  electronic 
relays  is  common  practice.  A  large  number  of  circuits  have 
been  described  in  this  journal  and  a  list  of  the  more  recent 
literature  references  has  been  given  by  Waddle  and  Saeman 
( i ).  In  all  these  circuits  hot-cathode,  high-vacuum  tubes 
have  been  employed.  However,  in  the  past  year  radio  tube 
manufacturers  have  developed,  and  now  stock  as  a  standard 
item,  a  cold-cathode,  starter  anode,  gas-filled  tube,  Type 
OA4G,  which  is  particularly  suitable  for  relay  purposes. 

A  standard  circuit  utilizing  this  tube  is  shown  in  Figure  1, 
together  with  a  pictorial  diagram  of  the  octal  base  socket  as 
viewed  from  the  top. 

In  this  circuit  any  size  of  radio  potentiometer  may  be  used, 
as  only  0.25  watt  is  dissipated  in  the  potentiometer.  A  relay 
which  will  function  on  25  milliamperes  will  be  suitable,  as 
this  current  is  the  maximum  permissible  current  for  the  normal 
operation  of  the  OA4G  tube.  In  practice,  110-volt  (3000  ohms) 
and  32-volt  (1000  ohms)  relays  have  been  found  very  satisfac¬ 
tory.  For  low-resistance  relays  sufficient  additional  resistance 
should  be  connected  in  series  with  the  relay  so  that  the  total 
direct  current  resistance  in  the  relay  circuit  is  about  1500  ohms. 
The  wattage  dissipated  in  this  series  resistor  is  so  small  that 
ordinary  1-watt  radio  resistors  may  be  used  for  this  purpose. 

The  condenser,  Cu  eliminates  chattering  of  the  relay  caused  by 
the  pulsating  direct  current  passing  through  the  tube.  Its 
capacity  should  be  kept  as  low  as  possible.  The  2-mfd.  value 
fisted  in  Figure  1  is  suitable  for  the  3000-ohm  relay.  Relays  of 
lower  resistance  will  need  a  higher  capacity;  the  lOOO-ohm  relay 
requires  4  mfd. 

The  resistance,  R2,  tends  to  diminish  sputtering  of  the  elec¬ 
trodes  and  thus  increases  the  life  of  the  tube.  The  value  of  R2 
is  not  critical  and  500-ohm  to  3000-ohm  resistors  have  been  used. 

To  adjust  the  relay,  the  movable  contact  arm  of  the  potenti¬ 
ometer  is  placed  somewhere  near  the  middle  of  its  range.  The 
regulator  contacts  are  shorted  and  the  relay  is  connected  to  the 
110-volt  alternating  current  line.  The  contact  arm  of  the 
potentiometer  is  then  moved  until  the  tube  glows  and  the  relay 
closes.  The  arm  should  be  moved  in  such  a  direction  that  li\ 
is  greater  than  Ri".  On  proper  adjustment,  Ri'  will  be  about 
33,000  ohms.  No  attempt  should  be  made  to  adjust  the  poten¬ 
tiometer  exactly  to  that  point  at  which  the  tube  just  begins  to 
glow,  as  some  allowance  must  be  made  for  variations  in  the  line 

As  one  side  of  the  alternating  current  line  is  usually  grounded, 
accidental  grounding  of  the  regulator  leads  should  be  avoided. 
If  such  a  possibility  exists,  a  20,000-ohm  resistance  should  be 
placed  in  one  of  the  control  leads. 

A  cold-cathode,  gas-filled  tube  has  the  following  advantages 
over  a  hot-cathode,  high-vacuum  tube:  Properly  operated, 


the  cold-cathode  tube  will  have  the  longer  life.  With  the 
regulator  contacts  open,  the  cold-cathode  electronic  relay 
dissipates  0.25  watt,  while  the  hot-cathode  relays,  which 
generally  use  resistors  in  the  filament  circuit  to  drop  the 
voltage  to  the  proper  value,  will  dissipate  from  6  to  33  watts, 
depending  on  the  type  of  the  tube  employed.  With  a  110- 
volt  source,  a  gas-filled  tube  gives  a  much  higher  plate  cur¬ 
rent  than  can  be  obtained  from  high  vacuum  tubes  and  thus 
cheaper  and  more  rugged  relays  may  be  employed.  With  the 
cold-cathode  tube,  no  current  passes  through  the  relay  when 
the  regulator  contacts  are  open  and  consequently  there  is  no 
tendency  for  the  relay  armature  to  stick. 


Figure  1.  Standard  Circuit 


Ri.  50,000-ohm  potentiometer 

Ri.  2000-ohm  resistor,  2  watts 

Ci.  2-mfd.  condenser  _  ,  ,  „ 

T.  Cold  cathode,  gas-filled  tnode,  Type  OA4G 


RC.  Regulator  contacts 

Re.  Relay,  Utah,  Type  RAC-110 


All  essential  parts  for  the  construction  of  this  relay  can  be 
obtained  from  any  radio  supply  house.  The  total  cost  of 
standard  parts  including  tube,  relay,  and  sockets  is  less  than  $4. 
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Determination  of  Lactic  Acid  in  Blood 

SAMUEL  ELGART  and  J.  S.  HARRIS 
Duke  University  School  of  Medicine,  Durham,  N.  C. 


THE  numerous  modifications  of  existing  methods  for  the 
determination  of  lactic  acid  in  blood  are  evidence  of  the 
inadequacy  of  any  one  method.  It  is  for  this  reason  that, 
prior  to  undertaking  a  clinical  investigation  requiring  the 
determination  of  blood  lactic  acid,  the  literature  on  the 
methods  was  reviewed  and  an  attempt  to  standardize  a  single 
method  was  made. 

Choice  of  Methods 

Four  basic  procedures  were  considered. 

Gravimetric  (18,  15,  19,  81,  57).  This  method  depends  upon 
the  isolation  and  weighing  of  partially  hydrated  zinc  lactate. 

Titrimetric.  The  lactic  acid  is  oxidized  to  acetaldehyde 
which  is  determined  titrimetrically.  Modifications  of  this 
method  are  listed  in  Table  I. 

Manometric.  The  carbon  dioxide  evolved  during  the  oxida¬ 
tion  of  lactic  acid  by  permanganate  in  concentrated  acid  solutions 
(1 ,  2)  or  the  carbon  monoxide  produced  by  the  action  of  concen¬ 
trated  sulfuric  acid  alone  (37,  48)  is  measured. 

Colorimetric.  The  lactic  acid  is  oxidized  with  strong  sulfuric 
acid  and  the  color  is  developed  with  codeine  (6,  50),  guaiacol  (25), 
thiophene  (18,  85),  veratrole  (20,  24,  30,  82,  38,  39,  42,  44,  47,  54), 
hydroquinone  (9),  or  p-hydroxy  biphenyl  (41). 

The  gravimetric  method  was  eliminated  from  considera¬ 
tion  because  it  is  time-consuming,  nonspecific,  and  subject 
to  manipulative  losses,  and  requires  a  large  amount  of  blood. 
The  titrimetric  methods  appear  to  be  difficult  of  control,  to 
require  special  apparatus,  and  to  necessitate  special  care  in 
the  elimination  of  preformed  volatile  ketones,  aldehydes  and 
keto  acids  Similar  objections  hold  for  the  manometric 
methods,  which,  in  some  cases  require  an  empirical  correc- 


Table  I.  Modifications  of  Titrimetric  Method 

Author  Oxidizing  Agent  Method  of  Titration 

Boas  (5,  27)  Acid  Mn02  or  KMnO«  Distillation  and  forma¬ 

tion  of  iodoform. 
Titration  of  excess 
iodine 

Distillation  into 
standard  bisulfite 
and  determination  of 
excess  bisulfite  iodo- 
metrically 

Distillation  and  deter¬ 
mination  of  bisulfite 
binding  power 

Distillation  or  aeration 
and  determination  of 
bisulfite  binding 
power 

Determination  of  ex¬ 
cess  dichromate 

Distillation  and  bisul¬ 
fite  binding 


tion  for  unknown  substances  in  order  to  obtain  agreement 
with  the  titrimetric  method.  Of  the  colorimetric  methods, 
the  Mendel-Goldscheider  (veratrole)  seemed  to  have  been 
investigated  more  fully  than  the  others.  The  literature  indi¬ 
cated  the  advantages  of  specificity,  simplicity,  high  sensi¬ 
tivity,  and  the  ability  to  perform  a  large  number  of  deter¬ 
minations  simultaneously.  This  method  was  therefore 
adopted  for  standardization.  In  order  to  facilitate  the 
reading  of  the  color,  the  use  of  the  Evelyn  photoelectric 
colorimeter  (12)  was  incorporated  in  the  method. 

Reagents 

Ten  per  cent  aqueous  trichloroacetic  acid,  freshly  prepared 
each  month  and  stored  in  amber  bottles  in  the  ice  box. 

Fifteen  gram  per  cent  aqueous  solution  of  copper  sulfate. 

Finely  powdered  calcium  hydroxide.  Ingvarrson  (26)  has 
indicated  that  some  samples  of  calcium  hydroxide  give  high 
values.  Only  samples  giving  negligible  blanks  should  be  used. 
If  the  blank  is  high,  the  calcium  hydroxide  can  be  purified  by 
washing  with  water,  drying  at  104°  C.,  and  pulverizing  in  a 
mortar. 

Concentrated  sulfuric  acid,  standardized  and  stored  as  indi¬ 
cated  below. 

Veratrole,  0.125  per  cent  in  absolute  ethanol. 

Standard  solution  of  lithium  lactate  (106.3  mg.  per  100  ml.  = 
100  mg.  per  cent  lactic  acid). 

Procedure 

Precipitation  of  Blood  Proteins.  Blood  (1.0  ml.  collected 
with  the  usual  precautions  in  a  bottle  containing  10  mg.  of  am¬ 
monium  fluoride  per  5  ml.  of  blood)  is  added  to  7.0  ml.  of  distilled 
water  in  a  50-ml.  Erlenmeyer  flask.  Smaller  quantities  of  blood 
may  be  used,  decreasing  the  amounts  of  other  reagents  pro¬ 
portionately.  After  hemolysis  is  complete,  7.0  ml.  of  trichloro¬ 
acetic  acid  are  added  slowly  and  with  vigorous  mixing.  The 
flasks  are  stoppered  (rubber),  shaken  vigorously,  and  allowed  to 
stand  20  minutes.  The  mixture  is  placed  in  a  15-ml.  tube  and 
centrifuged  at  moderate  speed  for  5  minutes. 

Removal  of  Interfering  Substances.  To  another  centri¬ 
fuge  tube,  4.0  ml.  of  the  supernatant  fluid  are  transferred,  and 
1.0  ml.  of  copper  sulfate  solution  and  approximately  1  gram  of 
calcium  hydroxide  are  added.  The  tubes  are  stoppered  (rubber), 
shaken  vigorously  at  intervals  during  a  period  of  at  least  30 
minutes,  and  then  centrifuged  at  high  speed  for  10  minutes. 
Filtration  cannot  be  used,  as  filter  paper  contains  substances 
which  react  as  lactic  acid  (55). 

Oxidation  of  Lactic  Acid  and  Development  of  Color. 
Avoiding  the  surface  film,  a  quantity  of  the  supernatant  fluid  (the 
exact  amount  determined  as  under  Standardization  of  Sulfuric 
Acid)  is  transferred  to  the  bottom  of  a  meticulously  clean  and  dry 
Pyrex  test  tube  (22  X  175  mm.)  standardized  for  the  520  filter 
of  the  Evelyn  colorimeter.  To  similar  tubes  is  added  the  same 
quantity  of  water  containing  0.5,  10,  20,  and  30  micrograms  of 
lactic  acid  as  lithium  lactate.  If  determinations  are  performed 
frequently  it  is  not  necessary  to  run  a  set  of  standards  each  time, 
since  an  average  standard  curve  may  be  used  for  each  bottle  of 
sulfuric  acid.  All  tubes  are  placed  in  an  ice  bath  for  10  minutes. 


Furth  and  Charnass  (21)  Acid  KMnOt 

Clausen  (4,  7,  10,  S3,  34.  36)  Acid  KMnO, 

Friedemann  et  al.  (11,  16-  Acid  KMnCL  plus 
18,  26,  48,  66,  66)  MnSO< 

Jervell  (28,  29)  Acid  KsCraO 

Gordon  and  Quastel  (22)  Acid  Ce(SOi)2 
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Table  II.  Recovery  of  Lactic  Acid  from  Blood 


Author 

Mendel  and  Goldscheider  (39) 
Ingvarrson  (26) 


Dische  and  Rand  (10) 
0rskov  (45) 


Ronzoni  and  Wallen-Lawrence  (48) 


Jervell  (28) 

Lauersen  and  Wahllander  (33) 
Clausen  (7) 

Wierzuehowski  and  Sekuracki  (56) 
Friedemann  et  al.  (16) 

Friedemann  and  Kendall  (18) 
Friedemann  and  Graeser  (17) 
Authors’  method  (18  determinations) 


Pptg. 

Agent 


HPOsa 

HPOs 

HPOi 


HPOs 
HPOi 
N a2S04  ( 

H2SO4  l 

H2W0O4 

HPO3 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 

H2W0O4 


Final 

Concn. 

Dilu¬ 

Recovery 

Recovery  of 

of  Pptg. 

tion  of 

from  Standard 

Lactate 

Method 

Agent 

% 

Blood 

Soln. 

% 

Added  to  Blood 
% 

0.63 

1-8 

95-98 

Colorimetric 

0  63 

1-8 

96.2 

87 

Colorimetric 

0.63 

1-8 

89.1 

98  (corrected 
for  low  value 
of  standard) 

Titrimetric 

0  63 

1-8 

95.7 

Titrimetric 

0.63 

1-8 

86  (80-90) 

Titrimetric 

and  ether 

1-fi 

97.6  (95-102) 

Titrimetric 

i  extraction 

1.0 

1-10 

83  (76-91) 

Titrimetric 

1 . 0 

1-10 

95 

Titrimetric 

2.0 

1—5 

98 

83  (calcd.) 

Titrimetric 

1.0 

1-10 

98 

94.5  =*=  3 

Titrimetric 

0.5 

1-20 

98 

96  (calcd.) 

Titrimetric 

1.0 

1-10 

99.6 

96.4 

Titrimetric 

1.0 

1-10 

89 

96-99 

Titrimetric 

1  0 

1-10 

98  ±  3 

93.5  and  99.0 

Titrimetric 

1 .0 

1-10 

95 

90 

Titrimetric 

1.0 

1-10 

90-105 

Not  given 

Titrimetric 

1.0 

1-10 

97-99 

Not  given 

Titrimetric 

i  i.o 

1-10 

99  ±  0.5 

Not  given 

Titrimetric 

o- 

acid  4 . 7 

1-15 

97-101 

Maximum  101 
Minimum  94 
Average  97 

.4 

a  Milton  (42)  finds  that  metaphosphoric  acid  interferes  with  the  colorimetric  method  and  thus  cannot  be  used. 


102  to  104  per  cent  recovery  of 
lactate  added  to  serum  using  a 
1  to  10  dilution  with  meta¬ 
phosphoric  acid. 

The  authors  were  unable  to 
obtain  more  than  88.5  per  cent 
recovery  of  the  total  lactate 
after  the  addition  of  lactate  to 
blood  if  the  blood  were  pre¬ 
cipitated  with  freshly  prepared 
solutions  of  metaphosphoric 
acid  (final  concentration  from 
0.5  to  2.0  gram  per  cent)  in 
spite  of  dilution  of  the  blood 
up  to  1  to  15.  Results  with 
the  zinc  hydroxide  method  of 
Somogyi  (51)  varied  from  73  to 
84  per  cent  recovery  with  an 
average  of  79  per  cent.  Ini¬ 
tially  the  Folin-Wu  precipi¬ 
tation  yielded  an  average 
recovery  of  90.4  per  cent  with 
variations  from  79  to  104 
per  cent  in  different  experi¬ 
ments. 


To  each  tube  are  added  6.0  ml.  of  cold  concentrated  standard¬ 
ized  sulfuric  acid;  the  standardized  pipet  (see  Formation  of 
Acetaldehyde)  is  used  and  the  acid  is  allowed  to  run  down  the 
side  of  the  tube  which  is  shaken  constantly  in  an  ice-water  bath. 

A  precipitate  (calcium  sulfate)  may  form  which  will  dissolve 
later.  The  contents  of  the  tubes  are  mixed  thoroughly,  and  the 
tubes  are  stoppered  loosely  (rubber)  and  immersed  to  two 
thirds  of  their  length  in  a  vigorously  boiling  water  bath.  1  ive 
minutes  later,  the  tubes  are  removed  and  placed  again  m  an  ice 
bath  for  2  or  more  minutes.  (The  precipitate  mentioned  above 
has  dissolved.)  Then  0.1  ml.  of  veratrole  solution  is  added  to 
each  tube.  The  tubes  are  mixed,  tilting  so  as  to  rinse  the  wails, 
restoppered,  and  replaced  in  the  ice  bath  for  75  minutes.  I  hey 
are  remixed  at  30  and  60  minutes.  Each  tube  is  removed  sepa¬ 
rately,  quickly  wiped  dry,  and  read  in  the  Evelyn  colorimeter 
(520  filter)  against  the  blank  without  lactic  acid.  The  L  values 
(relative  extinctions)  are  obtained  and  the  amount  of  lactic  acid 
in  the  aliquot  taken  for  analysis  is  read  from  the  curve  of  the 
standards. 

75 

Mg.  per  cent  in  blood  =  micrograms  in  aliquot  X 
where  y  is  the  quantity  of  supernatant  solution  added. 

Precipitation  of  Proteins 

The  literature  contains  discrepancies  in  the  reported 
recoveries  of  lactic  acid  from  blood  using  identical  or  differ¬ 
ent  methods  of  protein  precipitation.  Papers  which  give  the 
recovery  of  lactic  acid  in  standards  and  when  added  to  whole 
blood  are  listed  in  Table  II.  The  average  recoveries  vary 
from  86  to  98  per  cent  with  metaphosphoric  acid,  and  from 
83  to  96  per  cent  writh  tungstic  acid.  On  the  other  hand,  re¬ 
covery  from  standards  is  usually  very  good.  Since  the  pre¬ 
cipitation  of  the  blood  proteins  is  the  most  likely  cause  of 
these  discrepancies  (43,  45),  this  phase  of  the  procedure  was 
examined  carefully. 

With  each  method  of  protein  precipitation,  recovery  is  a 
function  of  the  dilution  of  the  blood.  Mendel  and  Gold¬ 
scheider  (39)  showed  that  greater  recoveries  were  obtained 
with  1  to  8  dilution  than  with  a  1  to  5  dilution  of  blood  using 
metaphosphoric  acid.  Ronzoni  and  Wallen-Lawrence  (48) 
obtained  similar  results  with  tungstic  acid  in  dilutions  of  blood 
up  to  1  to  20,  while  Edwards  (11)  found  that  the  lactic  acid 
value  of  the  same  blood  at  a  1  to  10  dilution  was  only  81  per 
cent  of  that  at  a  1  to  50  dilution  (tungstic  acid  precipitation). 
Using  serum  good  recoveries  are  possible  at  relatively  low 
dilutions.  Edwards  (11)  obtained  maximal  values  of  lactic 
acid  in  serum  at  a  1  to  20  dilution  and  Miller  (41)  reported 


The  variation  in  recovery  which  occurred  in  the  Folin-Wu 
precipitation  method  may  be  a  function  of  the  pH  of  the  fil¬ 
trate  (53).  When  the  reagents  are  prepared  according  to 
the  methods  of  Folin  (14)  and  Haden  (23),  the  authors  found 
that  the  pH  of  the  blood  filtrates  varied  from  2.9  to  5.0  (glass 
electrode).  Both  extremes  of  pH  have  been  advised  as  the 
optimal  for  the  general  use  of  this  method  of  precipitation 
(14,  23,  40,  46).  In  order  to  determine  whether  the  pH  of 
the  filtrate  had  any  effect  on  the  recovery  of  lactic  acid,  ex¬ 
periments  were  performed  in  which  the  recovery  of  total 
lactate,  the  volume  of  the  precipitates,  the  pH,  the  clarity, 
and  the  presence  of  proteins  (biuret  test)  in  the  supernatant 
were  determined  when  the  blood  was  precipitated  in  1  to  15 
dilution. 


Control  experiments  in  which  lactic  acid  was  added  to  blood 
filtrates  of  varying  pH  always  showed  good  recovery.  These 
controls  show  that  the  pH  of  the  filtrate  does  not  influence 
the  colorimetric  portion  of  the  test,  but  actually  determines  a 
loss  of  lactic  acid  during  the  protein  precipitation.  Thus  the 
conclusions  presented  are  applicable  to  all  methods  using 
tungstic  acid  precipitation  of  blood. 

The  percentage  recovery  of  lactic  acid  is  a  function  of  the 
pH  of  the  tungstic  acid  filtrates  (Figure  1).  The  values  are 
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at  a  maximum  between  pH  4.7  to  4.9,  where  the  average  re¬ 
covery  is  97  =*=  2  per  cent. 

This  dependency  of  recovery  on  the  pH  of  the  tungstate 
precipitation  may  explain  the  wide  range  of  recoveries  re¬ 
ported  by  different  authors  and  the  inconsistencies  of  the 
method  noted  by  others  (Table  II)  using  different  methods  of 
analysis.  The  fortuitous  occurrence  of  the  correct  pH  may 
explain  the  statement  of  Edwards,  “We  have  done  some 
experiments  with  whole  blood  in  which  a  1  to  10  dilution  gave 
the  same  results  as  1  to  50,  but  we  do  not  understand  the  cause 
of  these  variations  from  experiment  to  experiment”  (11). 

It  is  interesting  to  note  that  the  volume  of  the  precipitate 
reaches  a  maximum  at  pH  4.7.  Filtrates  below  pH  3.4  and 
above  pH  5.3  are  cloudy;  thus,  the  clarity  of  the  filtrate  is 
no  indication  that  one  will  obtain  adequate  recovery  of  lactic 
acid.  All  filtrates  above  pH  5.3  give  a  positive  biuret  test. 


AQUEOUS  SOLUTION  ADDED  (ML) 

Figure  2.  Effect  of  Addition  of  Water  to  Sulfuric 

Acid 

A.  On  formation  and/or  retention  of  reactive  substance 

B.  On  interaction  of  reactive  substance  with  veratrole 

C.  On  final  color  (standardization  curve  of  sulfuric  acid) 

In  order  to  obtain  a  filtrate  within  the  narrow  range  of  per¬ 
missible  acidity,  the  precipitating  solutions  must  be  carefully 
standardized  by  testing  trial  filtrates  with  the  glass  electrode 
and  meticulous  accuracy  must  be  constantly  maintained  dur¬ 
ing  each  precipitation.  Even  with  these  precautions,  an  oc¬ 
casional  filtrate  will  show  a  pH  value  outside  the  range  of 
maximum  recovery.  For  these  reasons  the  tungstate  method 
of  precipitation  is  of  little  value  for  routine  analysis  in  any 
lactic  acid  determination  of  blood  unless  the  blood  may  be 
diluted  to  a  great  extent  prior  to  precipitation. 

Precipitation  of  the  diluted  hemolyzed  blood  by  the  slow 
addition  of  trichloroacetic  acid  with  vigorous  shaking  yields 
almost  complete  recovery  of  lactic  acid  (97.4  per  cent,  standard 
deviation  =  2.4,  Table  II).  If  the  same  final  concentration 
of  acid  is  obtained  by  adding  a  more  dilute  trichloroacetic  acid 
to  the  unhemolyzed  undiluted  blood,  marked  discrepancies 
between  the  results  on  successive  samples  of  the  same  speci¬ 
men  are  found.  Similar  discrepancies  occur  if  the  blood  is 
added  slowly  to  the  dilute  tricliloroacetic  acid.  Apparently 
large  protein  masses  form  which  occlude  lactic  acid  in  vari¬ 
able  amounts.  When  the  correct  procedure  is  followed,  the 
pH  of  the  filtrate  is  approximately  1.5.  Maximal  recovery  is 
thus  possible  at  a  different  pH  with  trichloroacetic  acid  than 
with  tungstic  acid  precipitation. 


Removal  of  Interfering  Substances 

Few  of  the  substances  (sugars,  pyruvic  acid,  paraldehyde, 
formaldehyde,  acetaldehyde)  which  give  colored  compounds 
in  this  method  are  found  in  sufficient  quantities  in  blood  to 
interfere.  Deniges  ( 8 )  pointed  out  that  some  substances, 
yielding  aldehydes  on  treatment  with  concentrated  sulfuric 
acid,  do  so  only  when  heated  at  much  higher  temperatures 
than  that  of  boiling  water.  Glucose  and  other  carbohydrates 
are  completely  removed  by  the  treatment  with  copper  sulfate 
and  calcium  hydroxide  (49,  52) .  Pyruvic  acid  is  eliminated  to 
a  great  extent  (5).  Paraldehyde  is  not  removed  and  will 
cause  errors  if  present. 

Formation  of  Acetaldehyde 

Mendel  and  Goldscheider  (39)  showed  that  at  least  4 
minutes  in  the  boiling  water  bath  were  necessary  for  the 
maximum  conversion  of  lactic  acid  to  acetaldehyde  and  that 
heating  for  periods  up  to  8  minutes  caused  no  change  in  the 
yield.  The  authors  have  found,  with  lactic  acid,  a  rapid  in¬ 
crease  in  the  reactive  substance  for  the  first  4  minutes.  It 
then  remains  constant  from  4  to  10  minutes  of  heating. 
Acetaldehyde,  presumably  the  substance  into  which  the  lactic 
acid  is  converted  (8),  gives  maximum  color  reaction  without 
heating.  On  heating  up  to  10  minutes  the  maximum  color 
developed  (later)  remains  constant.  Both  acetaldehyde  and 
lactic  acid  give  decreasing  color  as  the  period  of  heating  is  pro¬ 
longed  beyond  10  minutes.  Because  of  these  observations 
the  period  of  heating  in  the  test  was  set  at  5  minutes.  The 
time  is  not  critical;  heating  from  4  to  10  minutes  gives  the 
same  results. 

It  is  essential  that  temperature  should  not  rise  during  the 
addition  of  sulfuric  acid  to  the  sample.  The  following  pre¬ 
cautions  should  be  taken: 

First,  both  sample  and  acid  should  be  chilled  in  an  ice  bath 
before  mixing;  secondly,  the  first  half  of  the  acid  should  be  added 
down  the  side  of  the  tube  at  a  rate  not  exceeding  1  ml.  per  10 
seconds  (the  remaining  acid  may  be  added  as  rapidly  as  de¬ 
sired)  ;  thirdly,  the  tube  should  be  immersed  in  an  ice  bath  and 
shaken  constantly  during  the  addition.  If  the  first  half  of  the  acid 
is  added  too  rapidly  or  if  the  acid  is  not  adequately  cooled,  vapor 
forms  and  losses  ensue.  The  appearance  of  vapor  means  that  the 
sample  must  be  discarded.  The  acid  may  be  easily  controlled 
by  means  of  a  slow-delivery  pipet,  to  the  upper  end  of  which  is 
sealed  a  glass  stopcock. 

In  addition  to  the  amount  of  heating  and  the  method  of  sul¬ 
furic  acid  addition,  the  final  color  produced  by  a  given  amount 
of  lactic  acid  is  also  a  function  of  the  concentration  of  sulfuric 
acid  (8,  32,  39,  54)  .  Milton  (42)  found  it  necessary  to  prepare 
special  anhydrous  acid  and  then  add  a  definite  quantity  of 
solution  to  be  tested. 

Standardization  of  Sulfuric  Acid 

The  authors  have  found  it  essential  to  standardize  each 
bottle  of  sulfuric  acid  for  its  water  content.  The  standardiza¬ 
tion  is  done  as  follows: 

Into  each  of  a  series  of  tubes  is  pipetted  0.8  ml.  of  a  standard 
solution  containing  50  micrograms  of  lactic  acid  per  ml.  Enough 
distilled  water  is  added  to  each  tube  to  bring  the  total  volume  to 
0.9  ml.  in  tube  1,  1.0  ml.  in  tube  2,  and  so  on  until  1.8  ml.  is 
reached.  In  another  tube  1.3  ml.  of  water  alone  is  placed; 
this  serves  as  the  blank.  Six  milliliters  of  the  new  acid  are  added 
to  each  tube,  observing  the  precautions  outlined  above.  The 
tubes  are  heated  and  cooled,  veratrole  is  added,  and  the  color  is 
developed  and  read  as  previously  indicated.  The  L  values  are 
plotted  against  the  total  volume  of  water  (lactic  acid  solution 
plus  added  water)  in  each  tube.  A  curve  is  obtained  (Figure  2,  C) 
which  shows  a  maximum  usually  between  1.2  and  1.5  ml.  This 
maximum  indicates  the  quantity  of  aqueous  solution  to  be  used 
in  each  determination  with  each  6.0  ml.  of  concentrated  sulfuric 
acid  from  that  bottle,  which  should  be  protected  by  a  series  of 
drying  tubes. 
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Figure  3.  Effect  of  Increasing  Concentration  of  Vera¬ 
trole  on  Color  Given  by  Different  Amounts  of  Lactic 

Acid 

A.  0.2  ml.  of  0.015  %  veratrole 

B.  0.2  ml.  of  0.031  %  veratrole 

C.  0.2  ml.  of  0.062  %  veratrole 

D.  0.2  ml.  of  0.125  %  veratrole 

E.  0.1  ml.  of  0.125  %  veratrole 

The  literature  has  numerous  references  {20,  39)  to  the  fail¬ 
ure  of  certain  batches  of  sulfuric  acid  to  give  the  proper  color. 
The  authors  have  tested  several  different  brands  (Merck’s 
reagent,  Merck’s  c.  p.,  and  Baker’s  c.  p.  analyzed)  and  have 
found  them  to  be  very  satisfactory.  The  only  difference  was 
a  variation  in  the  optimum  quantity  of  aqueous  solution  to  be 
added  (apparently  as  a  result  of  slight  differences  in  water 
content  of  each  acid). 

The  effect  of  water  on  the  final  color  developed  may  enter 
into  two  phases  of  the  procedure:  into  the  production  of  the 
active  substance  from  lactic  acid  and  its  retention  in  the  solu¬ 
tion  during  the  heating,  and  into  the  development  of  color 
through  the  interaction  of  the  active  substance  and  veratrole. 
The  influence  of  the  concentration  of  the  sulfuric  acid  on  the 
production  and  retention  of  the  active  substance  may  be  tested 
by  using  the  same  quantity  of  lactate  in  different  volumes  of 
water,  then  adding  the  usual  6  ml.  of  sulfuric  acid  and  heat¬ 
ing.  After  heating,  the  sulfuric  acid  is  brought  back  to  the 
optimum  concentration  by  adding  either  water  or  sulfuric 
acid.  The  volume  of  veratrole  is  adjusted  to  the  volume  of 
total  solution.  The  L  values  are  corrected  for  the  dilution. 
The  results  are  plotted  in  Figure  2,  A.  It  is  seen  that  the 
concentration  of  sulfuric  acid  down  to  a  certain  percentage 
(corresponding  to  the  addition  of  1.5  ml.  of  water  to  6  ml.  of 
concentrated  acid)  has  no  effect  on  the  yield.  W  ith  increas¬ 
ing  dilution  beyond  that  point  there  is  a  sharp  drop  due  to 
failure  in  either  production  or  retention  of  the  reactive  sub¬ 
stance 

The  effect  of  the  concentration  of  sulfuric  acid  on  the  de¬ 
velopment  of  color  through  the  interaction  of  the  reactive 
substance  and  veratrole  may  be  tested  by  adding  increasing 
amounts  of  water  just  prior  to  the  addition  of  veratrole.  The 
L  values  are  again  corrected  for  the  dilution  (Figure  2,  B). 

In  summary,  the  standardization  curve  (Figure  2,  C)  is  a 
composite  of  these  two  effects.  With  increasing  concentration 
of  acid  from  that  point  giving  maximum  color,  the  falling 
off  is  due  to  the  effect  on  the  reaction  of  veratrole  with  the 
reactive  substance,  whereas  with  decreasing  concentration  of 
acid  from  the  optimum,  the  final  color  is  limited  by  the  for¬ 
mation  or  retention  of  the  reactive  substance  during  the  heat¬ 


ing  stage.  It  is  evident  that  each  batch  of  acid  must  be 
standardized  in  the  manner  previously  outlined  in  order  that 
the  sensitivity  shall  not  be  limited  by  either  reaction  men¬ 
tioned  above,  and  that  the  procedure  shall  not  be  carried  out 
on  either  steep  portion  of  the  curve  where  small  changes  in 
the  concentration  of  acid  markedly  affect  the  final  color. 

Color  Development 

In  the  final  stage,  the  development  of  color  for  a  given 
amount  of  reactive  substance  is  a  function  of  the  amount  of 
veratrole  added,  the  quantity  of  alcohol  added  as  veratrole 
solution,  the  temperature  at  which  the  color  is  developed,  and 
the  time  period  of  color  development. 

Amount  of  Veratrole  Added.  The  effect  of  increasing 
amounts  of  veratrole  in  the  same  volume  of  alcohol  is  shown  in 
Figure  3.  With  all  amounts  of  veratrole  tested,  the  curves 
relating  extinction  to  concentration  are  S-shaped.  W  ith 
decreasing  amounts  of  veratrole,  the  straight  portion  of  the 
curve  is  shorter  and  occurs  at  lower  concentrations  of  lactic 
acid.  Associated  with  this,  the  toe  is  less  accentuated  and  the 
break  in  the  upper  part  of  the  curve  occurs  at  lower  concen¬ 
trations.  In  confirmation  of  Nordbo  (44)  large  amounts  of 
veratrole  (0.2  ml.  of  20  per  cent  solution)  give  little  color  in 
this  range  of  lactic  acid  concentration. 

In  order  to  obtain  direct  proportionality  between  color  and 
quantity  of  lactic  acid,  it  is  necessary  to  use  small  amounts  of 
veratrole  when  small  quantities  of  lactic  acid  are  present  and 
to  use  larger  amounts  of  veratrole  when  the  quantity  of  lac¬ 
tic  acid  is  large.  In  view  of  the  fact  that  the  amount  deter¬ 
mined  clinically  by  this  method  will  generally  fall  between  5 
and  30  micrograms  (corresponding  roughly  to  7  and  43  mg. 
per  cent  in  blood),  the  use  of  0.2  ml.  of  0.065  per  cent  5era- 
trole  was  originally  adopted.  If  larger  amounts  of  lactic  acid 
are  to  be  determined,  the  sample  should  be  diluted. 

Quantity  of  Alcohol  Added  as  Veratrole  Solution. 
Increasing  amounts  of  alcohol  added  as  veratrole  solution  or 
as  alcohol  prior  to  the  addition  of  the  veratrole  solution  di¬ 
minish  the  final  color. 

For  this  reason  the  authors  changed  to  the  use  of  the  opti¬ 
mum  amount  of  veratrole  (0.13  mg.  or  0.2  ml.  of  0.065  per  cent 
solution)  in  as  small  a  volume  of  solution  as  could  be  measured 
quickly  and  accurately.  That  quantity  was  0.10  ml.  of  0.125 
per  cent  solution  (Figure  3,  E). 


Figure  4.  Spectra 

A.  Compound  formed  with  veratrole 

B,  Evelyn  520  filter 
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Temperature  and  Time  of  Color  Development. 
Nordbo  (44)  has  shown  that  at  temperatures  between  0° 
and  5  °  C.  color  develops  to  a  maximum  in  60  minutes  or  longer; 
at  temperatures  between  10°  and  15°  C.  a  maximum  is  ob¬ 
tained  in  approximately  20  minutes  or  more ;  and  at  tempera¬ 
tures  between  25°  and  30°  C.,  a  maximum  is  reached  at  20 
minutes.  The  authors  have  confirmed  this  work  in  similar 
experiments  and  have  found  that  the  maximum  color  ob¬ 
tained  varies  inversely  as  the  temperature.  The  maximum 
color  for  the  same  quantity  of  lactic  acid  was  approximately 
twice  as  strong  when  developed  at  0°  C.  as  when  developed 
at  25°  C.  The  simplicity  of  maintaining  a  constant  tem¬ 
perature  by  the  use  of  an  ice  bath,  and  the  fact  that  the 
greatest  color  is  attained  at  that  temperature  lead  to  the 
adoption  of  0°  C.  for  the  development  of  color.  At  this 
temperature  color  increases  with  time  for  approximately  60 
minutes  and  then  remains  constant  for  at  least  1.5  hours. 
The  time  finally  adopted  was  75  minutes. 

Color.  Numerous  spectrophotometric  measurements  (Cole¬ 
man  and  Bausch  &  Lomb  instruments)  of  the  absorption 
spectrum  of  the  final  color  were  made  at  different  levels  of 
lactic  acid  content.  The  spectra  obtained  with  the  use  of  10 
to  90  micrograms  were  essentially  the  same  and  showed  a 
maximum  absorption  at  5270  A.  (Figure  4).  In  adapting  the 
method  to  the  Evelyn  photoelectric  colorimeter,  filter  520 
and  a  final  volume  of  approximately  6  ml.  were  chosen. 

Summary 

A  modification  of  the  Mendel-Goldscheider  method  for  the 
determination  of  lactic  acid  in  blood  has  been  developed  after 
a  critical  review  of  the  methods  for  lactic  acid  determina¬ 
tions  and  a  study  of  the  method  for  blood  precipitation, 
the  relation  of  sulfuric  acid  and  veratrole  concentration  to  the 
final  color,  the  proportionality  of  color  to  concentration  of 
lactic  acid,  and  the  adaptation  to  the  Evelyn  photoelectric 
colorimeter. 
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Morin  Reaction  for  Beryllium 

E  B.  SANDELL 

University  of  Minnesota,  Minneapolis,  Minn. 


ZERMATTEN  (3)  found  that  morin  gives  a  yellow-green 
fluorescence  with  beryllium  in  a  solution  containing 
sodium  or  potassium  hydroxide,  and  on  this  behavior  he 
based  a  spot  test  for  the  element  in  minerals  and  rocks.  Ac¬ 
cording  to  Zermatten,  aluminum,  magnesium,  lithium,  cal¬ 
cium,  strontium,  barium,  titanium,  zirconium,  lanthanum, 
dysprosium,  cerium,  yttrium,  and  thorium  show  no  fluo¬ 
rescence  wdth  morin  under  the  conditions  he  describes  (re¬ 
action  carried  out  on  a  spot  plate  in  daylight).  Since  few 
details  regarding  this  test  for  beryllium  are  given  in  the  short 
paper  of  Zermatten,  the  reaction  has  been  studied  further  in 
this  laboratory. 


Sensitivity 

In  0.01  or  0.1  N  sodium  hydroxide  solution  the  sensitivity 
of  the  test  corresponds  to  0.01  part  per  million  of  beryllium 
when  the  alkaline  test  solution  having  a  volume  of  10  ml.  and 
containing  0.1  ml.  of  morin  solution  (0.02  gram  of  morin  in 
100  ml.  of  acetone)  is  placed  in  a  2  X  7  cm.  vial  and  viewed 
axially  in  strong  daylight  (preferably  direct  sunlight)  against 
a  dark  shaded  background.  A  very  faint  fluorescence  is 
then  perceptible  in  the  test  solution,  especially  if  comparison 
is  made  against  a  blank  solution. 

The  sensitivity  of  the  reaction  is  greatly  increased  when  the 
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test  solution  is  examined  in  ultraviolet  light.  In  the  present 
work  a  screened  mercury  glow  lamp  with  a  purple  Corex  glass 
shell  (Central  Scientific  Company,  Chicago)  was  found  to  be  a 
satisfactory  source  of  ultraviolet  light.  When  the  vial  con¬ 
taining  the  test  solution  is  held  in  the  light  of  this  lamp  and 
viewed  transversely,  approximately  0.001  part  per  million 
of  beryllium  can  be  detected  when  the  solution  is  0.01  A  in 
sodium  hydroxide  (approximately  the  optimum  concentra¬ 
tion).  The  test  solution  must  be  compared  with  a  blank 
containing  the  same  amount  of  sodium  hydroxide  and  morin. 
Morin  alone  shows  a  faint  fluorescence  (yellow-brown)  in 
ultraviolet  light  and  this  limits  the  sensitivity  of  the  beryllium 
test.  Since  1  or  2  ml.  of  solution  suffice  for  examination,  the 
absolute  amount  of  beryllium  detectable  is  of  the  order  of 
0.001  microgram. 

With  an  increase  in  the  sodium  hydroxide  concentration  of 
the  solution,  the  sensitivity  of  the  reaction  decreases.  In 
*  1  A  sodium  hydroxide  solution  the  limiting  concentration  is 
approximately  0.1  part  per  million  of  beryllium  in  strong 
daylight,  and  0.02  part  per  million  in  the  ultraviolet  light  of 
the  glow  lamp. 

Specificity 

In  testing  the  specificity  of  the  morin  reaction  for  beryllium, 
the  solution  of  the  metal  ion  in  question  was  made  0.5  to  1  N 
in  sodium  hydroxide  (containing  sodium  carbonate  as  impurity) 
and  any  precipitate  formed  was  filtered  off.  Morin  was  added 
to  the  filtrate  and  the  solution  was  examined  for  fluorescence  both 
in  daylight  and  in  ultraviolet  light,  a  blank  containing  the  same 
amount  of  sodium  hydroxide  and  morin  being  used  for  com¬ 
parison  The  amount  of  metal  present  was  usually  10  mg.  in  a 
final  volume  of  5  ml.  in  the  case  of  the  common  ions;  smaller 
amounts,  of  the  order  of  1  mg.,  were  used  when  the  rarer  metals, 
such  as  indium,  were  tested. 

When  tested  this  way  the  following  elements  gave  no  reac¬ 
tion  either  in  daylight  or  in  the  ultraviolet  light  of  the  mercury 
glow  lamp:  sodium,  potassium,  rubidium,  cesium,  mag¬ 
nesium,  strontium,  barium,  cadmium,  mercury  (Hg1  and 
Hg11),  lanthanum,  aluminum,  gallium,  indium,  thallium  (Tl1) , 
titanium,  zirconium,  cerium  (Cem),  thorium,  tin  (Sn  ),  lead, 
vanadium  (Vv),  arsenic  (As111  and  Asv),  antimony,  bismuth, 
chromium  (CrIIT),  molybdenum  (Mo  r),  tungsten  (W  ), 
uranium  (UVI),  iron  (Fe111),  cobalt,  nickel,  palladium  (Pd  ), 
and  platinum  (PtIV).  Columbium  and  tantalum  gave  no 
reaction  when  the  oxides  were  fused  with  sodium  hydroxide 
and  the  filtered  leach  was  tested  with  morin. 

Copper  (Cu11),  silver,  gold,  and  manganese  oxidize  morin 
in  sodium  hydroxide  solution  and  destroy  the  reagent.  In 
the  case  of  copper  and  manganese  enough  of  the  metals  may 
remain  in  solution  after  filtration  of  the  alkaline  medium 
to  destroy  the  reagent  rapidly.  Chromate  also  appears  to 
oxidize  the  reagent,  because  beryllium  gives  no  fluorescence 
in  the  presence  of  an  appreciable  amount  of  this  ion. 

The  metals  that  give  a  fluorescence,  similar  to  that  of  beryl¬ 
lium,  with  morin  in  basic  solution  are  lithium,  calcium, 
zinc,  and  scandium.  The  fluorescence  of  lithium  and  cal¬ 
cium  under  the  conditions  described  above  is  not  percepti¬ 
ble  in  daylight,  but  is  fairly  strong  in  ultraviolet  light. 
The  fluorescence  given  by  zinc  can  be  seen  in  daylight  (7), 
but  is  much  less  intense  than  that  of  a  comparable  amount 
of  beryllium.  Ten  milligrams  of  zinc  in  5  ml.  of  O.o  A  sodium 
hydroxide  solution  exhibit  approximately  the  same  fluorescence 
in  daylight  as  1  to  1.5  micrograms  of  beryllium.  The  fluores¬ 
cence  of  zinc  with  morin  can  be  destroyed  by  the  addition  of 
cyanide.  The  solubility  of  scandium  hydroxide  in  1  A 
sodium  hydroxide  is  sufficiently  great  to  cause  the  filtrate 
to  give  a  very  faint  fluorescence  in  daylight.  Attempts  to  make 
the  precipitation  of  scandium  more  complete  by  the  prior 
addition  of  ferric  iron  were  not  entirely  successful  for 
example  a  mixture  of  0.2  mg.  of  scandium  and  3  mg.  of  fer¬ 


ric  iron  in  5  ml.  of  1  A  sodium  hydroxide  gave  a  filtrate  show¬ 
ing  a  fluorescence  equivalent  to  about  0.2  microgram  of  beryl¬ 
lium.  Better  results  were  obtained  by  using  cobalt  in  place 
of  ferric  iron,  possibly  because  the  ionic  radii  of  cobalt  and 
scandium  are  equal  or  nearly  so.  The  filtrate  from  0.2  mg.  of 
scandium  and  1  mg.  of  cobalt  in  5  ml.  of  1  A  sodium  hydroxide 
exhibited  about  the  same  fluorescence  as  a  blank,  or  perhaps 
slightly  stronger  than  a  blank. 

The  filtrate  from  yttrium  hydroxide  shows  a  very  faint 
fluorescence  with  morin.  Thus  5  ml.  of  a  solution  containing 
1  mg.  of  yttrium  nitrate  (impure)  which  had  been  made  1  A 
in  sodium  hydroxide  gave  a  filtrate  which  showed  a  very  faint 
fluorescence  equivalent  to  about  0.2  microgram  of  beryllium. 
The  fluorescence  was  visible  only  in  ultraviolet  light.  It  is 
not  certain  that  the  faint  fluorescence  was  actually  due  to 
yttrium,  but  the  matter  was  not  further  investigated.  It  has 
been  stated  (2)  that  lutecium  and  ytterbium  hydroxides  are 
slightly  soluble  in  sodium  hydroxide  solution,  and  these  metals 
may  therefore  give  a  fluorescence  with  morin  under  the  condi¬ 
tions  described. 

Calcium  intensifies  the  yellow  color  shown  by  morin  in  basic 
solution,  even  when  present  to  the  extent  of  1  part  per  million. 

Beryllium  Test  in  the  Presence  of  Other  Elements 

No  attempt  has  been  made  to  study  the  detection  of  beryl¬ 
lium  in  the  presence  of  all  metals,  but  the  following  observa¬ 
tions  may  be  recorded.  Metals  which  do  not  yield  insoluble 
hydroxides  or  whose  hydroxides  are  soluble  in  excess  sodium 
hydroxide  (with  the  exception  of  zinc)  do  not  in  general  in¬ 
terfere  with  the  beryllium-morin  reaction  carried  out  in 
daylight.  There  is  no  difficulty  in  detecting  0.5  microgram 
of  beryllium  in  5  ml.  of  solution  containing,  respectively,  10 
mg.  of  antimony  (Sb111),  arsenic  (Asv),  lead,  molybdenum, 
tungsten,  tin  (Sn11),  vanadium,  and  lithium  if  the  solution 
is  treated  with  a  few  drops  of  6  A  sodium  hydroxide,  or 
enough  to  dissolve  any  precipitate  which  is  first  formed,  and 
the  solution  is  examined  for  fluorescence  in  strong  daylight 
against  a  dark  background.  The  fluorescence  given  by  zinc 
can  be  destroyed  by  cyanide.  A  solution  containing  1  mg.  of 
zinc,  0.05  microgram  of  beryllium,  1  ml.  of  1  A  sodium  hy¬ 
droxide,  and  1  ml.  of  5  per  cent  potassium  cyanide  in  a  total 
volume  of  5  ml.  shows  a  rather  strong  fluorescence  in  ultra¬ 
violet  light;  a  similar  solution  containing  no  beryllium  and 
1  mg.  of  zinc  shows  no  fluorescence.  Accordingly  it  is  easy  to 
detect  1  part  of  beryllium  in  the  presence  of  20,000  parts  of  zinc. 

The  morin  test  is  an  excellent  one  for  the  detection  of  beryl¬ 
lium  in  the  presence  of  aluminum.  There  is  no  difficulty  in 
detecting  1  part  of  beryllium  in  the  presence  of  100,000  of 
aluminum.  Thus  a  solution  containing  0.1  microgram  of 
beryllium  and  10  mg.  of  aluminum  in  5  ml.,  treated  dropwise 
with  2  A  sodium  hydroxide  until  the  precipitate  dissolves  and 
then  with  0.1  ml.  of  0.02  per  cent  morin  solution,  shows  a 
faint  fluorescence  in  daylight,  a  blank  being  used  for  com¬ 
parison.  In  ultraviolet  light  1  part  of  beryllium  can  be  de¬ 
tected  in  the  presence  of  2,000,000  of  aluminum. 

In  the  presence  of  metals  giving  hydroxides  insoluble  in 
sodium  hydroxide,  it  is  usually  possible  to  detect  beryllium 
in  the  filtrate  if  a  fairly  large  excess  of  alkali  is  used.  In  this 
case  it  is  preferable  to  carry  out  the  test  in  ultraviolet  light, 
since  the  sensitivity  of  the  beryllium  test  is  decreased  by  high 
alkalinity.  One-half  microgram  of  beryllium  can  be  detected 
in  the  presence  of  10  mg.  of  ferric  iron  in  a  volume  of  5  ml. 
when  the  precipitation  of  ferric  hydroxide  is  made  at  the 
boiling  point  with  1  ml.  of  6  A  sodium  hydroxide.  Approxi¬ 
mately  one  half  of  the  beryllium  is  present  in  the  filtrate.  It 
is  more  difficult  to  separate  beryllium  from  magnesium  in 
this  way.  A  faint  test  for  beryllium  can  be  obtained  when  5 
ml.  of  a  solution  containing  0.5  microgram  of  beryllium  and 
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10  mg.  of  magnesium  are  precipitated  hot  with  1  ml.  of  6  A 
sodium  hydroxide,  and  the  filtrate  is  examined  in  ultraviolet 
fight  after  the  addition  of  morin;  approximately  80  per  cent 
of  the  beryllium  is  coprecipitated  with  the  magnesium  hy¬ 
droxide.  The  coprecipitation  of  beryllium  is  diminished  if 
aluminum  is  simultaneously  present  in  the  solution.  In  5  ml. 
of  solution  containing  10  mg.  each  of  aluminum  and  mag¬ 
nesium,  it  is  possible  to  detect  0.2  microgram  of  beryllium  by 
precipitating  in  the  way  described. 

When  manganese  and  copper  are  present,  1  ml.  of  stannite 
(5  per  cent  stannous  chloride  dihydrate  in  2.5  N  sodium 
hydroxide)  should  be  added  to  the  filtrate  to  prevent  oxida¬ 
tion  of  the  morin. 

The  detection  of  beryllium  in  the  presence  of  calcium 
presents  some  difficulties.  It  is  possible  to  detect  5  micro¬ 
grams  of  beryllium  in  the  presence  of  10  mg.  of  calcium  by 
adding  4  or  5  ml.  of  1  A  sodium  hydroxide  (containing  the 
usual  amount  of  sodium  carbonate  as  impurity)  to  1  ml.  of  the 
solution,  filtering  off  the  calcium  carbonate,  and  examining  the 
filtrate  in  daylight  after  adding  morin.  It  is  not  possible  to  use 
ultraviolet  fight  for  the  examination,  because  the  small 
amount  of  calcium  remaining  in  solution  gives  a  fluorescence. 
Alternatively,  the  precipitation  of  calcium  carbonate  can  be 
prevented  by  the  addition  of  sodium  pyrophosphate  which, 
when  present  in  sufficient  amount,  prevents  the  fluorescence 
of  calcium  in  ultraviolet  fight.  Unfortunately,  only  a  com¬ 
paratively  small  amount  of  calcium  may  be  present,  for  other¬ 
wise  the  originally  clear  pyrophosphate  solution  rapidly  be¬ 
comes  turbid  on  standing.  A  solution  containing  2  mg.  of 
calcium,  0.2  microgram  of  beryllium,  3  or  4  ml.  of  saturated 
sodium  pyrophosphate,  and  0.5  ml.  of  1  A  sodium  hydroxide 
in  a  total  volume  of  5  ml.  shows  a  faint  fluorescence  with 
morin  in  strong  daylight.  A  precipitate  soon  forms  in  such 
a  solution  and  the  examination  must  be  made  without  delay. 


It  is  difficult  to  work  with  a  solution  containing  much  more 
calcium  than  this.  By  using  ultraviolet  fight  slightly  less 
beryllium  can  be  detected.  A  solution  containing  1  mg.  of 
calcium,  3  or  4  ml.  of  saturated  sodium  pyrophosphate  solu¬ 
tion,  and  0.5  ml.  of  1  A  sodium  hydroxide  in  a  total  volume  of 
5  ml.  shows  no  more  fluorescence  in  ultraviolet  fight  than  a 
similar  blank.  One  milligram  of  magnesium  in  5  ml.  of  satu¬ 
rated  sodium  pyrophosphate  solution,  together  with  0.5  ml. 
of  1  A  sodium  hydroxide  solution,  shows  a  slight  fluorescence 
in  daylight  equivalent  to  approximately  0.2  microgram  of 
beryllium. 

It  is  not  possible  to  add  tartrate  or  citrate  to  solutions 
containing  iron,  titanium,  etc.,  with  the  object  of  preventing 
the  precipitation  of  the  hydroxides  of  these  metals  in  basic 
solution,  because  magnesium  gives  a  fluorescence  with  morin 
in  such  a  medium. 

Alkali  fluorides,  phosphates,  silicates,  and  borates  do  not 
interfere  with  the  beryllium  reaction. 

Summary 

The  morin-beryllium  fluorescence  reaction  first  described 
by  Zermatten  has  been  further  investigated.  Zinc  also  gives  a 
fluorescence  with  morin  in  daylight  in  a  strongly  basic  solu¬ 
tion,  but  cyanide  destroys  this  fluorescence  without  affecting 
the  beryllium  fluorescence.  In  ultraviolet  fight  calcium  and 
lithium  show  a  fluorescence  with  the  reagent  under  the  condi¬ 
tions  of  the  beryllium  test;  small  amounts  of  calcium  can  be 
prevented  from  interfering  by  the  addition  of  sodium  pyro¬ 
phosphate. 
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Systematic  Qualitative  Organic  Microanalysis 

Determination  of  Specific  Gravity 

HERBERT  K.  ALBER 

Microchemical  Laboratory,  Biochemical  Research  Foundation  of  the  Franklin  Institute,  Philadelphia,  Penna. 


IN  THE  identification  of  an  unknown  organic  liquid,  the 
specific  gravity  is  one  of  the  most  important  physical 
constants.  Most  available  methods  for  the  determination  of 
specific  gravity  are  designed  for  special  purposes  and  do  not 
meet  the  requirements  which  have  been  proposed  for  the 
systematic  scheme  of  qualitative  organic  microanalysis 
(2,  8,  6,9).  An  accuracy  of  from  0.1  to  1  per  cent  is  con¬ 
sidered  satisfactory  for  the  purpose  of  identification.  To 
cover  a  wide  range,  the  upper  limit  for  the  amount  required 
is  arbitrarily  set  at  100  cu.  mm.  and  the  lower  limit  at  6  cu. 
mm.  These  comparatively  large  volumes  must  be  recovered 
after  each  experiment,  in  order  that  the  same  sample  may  be 
available  for  the  determination  of  additional  physical  con¬ 
stants,  for  elementary  analyses,  or  for  the  preparation  of 
derivatives. 

During  recent  years  the  author  compared  many  procedures  for 
the  determination  of  specific  gravity — e.  g.,  the  methods  of  the 
falling  drop,  the  submerged  float,  suspension  or  flotation  (10, 
22,  25),  balanced  liquids  (14),  and  the  schlieren,  and  various 
micropycnometers.  Because  of  the  limited  range  of  application 
of  most  of  these  procedures,  references  to  which  may  be  found  in 


the  review  by  Blank  and  Willard  (12),  only  the  last  two  methods 
have  been  studied  in  detail. 

The  schlieren  method  (),  8,  18)  allows  the  determination  of  the 
refractive  index  (6)  as  well  as  the  specific  gravity  on  a  few  cubic 
millimeters  of  the  liquid  sample:  For  specific  gravity  the  sen¬ 
sitivity  is  about  0.0001,  and  the  accuracy  is  about  0.0005.  In 
colorless  liquids  the  difference  between  the  refractive  indices  of 
liquid  to  be  tested  (fluid  sample)  and  reference  liquid  (static 
sample)  makes  the  direction  of  flow  discernible;  in  the  case  of 
identical  specific  gravities  a  cloud  effect  around  the  end  of  the 
capillary  is  observed,  especially  if  the  tip  of  the  capillary  pipet 
containing  the  unknown  fluid  sample  is  bent  at  a  90°  angle. 
If  the  An  becomes  so  small  as  to  make  the  observation  of  schlieren 
difficult,  a  trace  of  a  dyestuff  added  to  the  fluid  sample  clearly 
shows  the  colored  path  of  flow  but  does  not  alter  the  specific 
gravity. 

High  sensitivity,  quick  performance,  inexpensive  equipment, 
and  absence  of  complicated  temperature  adjustments — the 
fluid  sample  acquiring  immediately  the  temperature  of  the  static 
sample — are  characteristics  of  this  procedure.  The  method, 
however,  is  not  recommended  for  general  purposes,  because  the 
substance  usually  is  lost  entirely  or  recovered  with  difficulty 
and  numerous  reference  liquids  of  known  specific  gravity  must 
be  available;  other  disturbing  factors  have  been  observed  when 
working  with  aqueous  solutions  (4,  18).  For  special  cases  of 
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specific  gravity  determinations  the  schlieren  method  has  been 
applied  by  other  investigators  (16,  27). 

The  earliest  micromethods  are  based  on  the  use  of  small 
pycnometers  (12)  because  the  pycnometric  method  appears 
to  be  the  most  precise.  Capillaries  are  widely  used  as  con¬ 
tainers  for  the  smallest  amounts  of  liquid  samples  in  individual 
determinations  (11,  19)  but  have  the  disadvantage  of  being 
fragile.  Micropycnometers  of  the  pipet  type  (13,  15),  es¬ 
pecially  Pregl’s  precision  weighing  pipets  (26),  are  the  most 
practical  apparatus.  Subsequent  to  the  author’s  first  de¬ 
scription  of  such  pipets  (5,  21i),  Furter  (21)  gave  a  detailed 
account  of  a  similar  type  of  micropycnometer  pipet  especially 
suitable  for  measurements  at  high  temperatures. 

Specific  Gravity  Pipets 

Two  different  types  of  pipets  are  recommended :  One  holds 
a  definite  volume — i.  e.,  0.1  ml. — 
and  therefore  is  used  in  decigram 
procedures;  the  other  type  serves  for 
the  measurement  of  varying  volumes 
according  to  the  amount  of  sample 
available  and  is  recommended  in  two 
sizes — i.  e.,  as  a  centigram  pipet  for 
volumes  from  20  to  80  cu.  mm.,  and 
as  a  milligram  pipet  for  volumes  from 
6  to  16  cu.  mm. 

Decigram  Pipet.  The  dimensions 
of  the  pipet  (Figure  1,  a)  correspond  to 
those  of  ordinary  precision  weighing 
pipets  (26),  but  the  capillary  end  has 
a  bore  of  1  mm.  instead  of  the  usual 
0.5  mm.  for  use  with  highly  viscous 
oils.  The  constriction  above  the  bulb 
is  10  mm.  long,  is  provided  with  the 
calibration  mark,  and  has  a  bore  of 
0.5  mm.  which  widens  to  3-mm.  diame¬ 
ter  and  finally  ends  in  a  tip  with  1-mm. 
bore.  Tight-fitting  ground  caps  are 
placed  over  each  end  to  prevent  loss 
by  evaporation.  The  weights  of  these 
pipets  vary  from  4  to  6  grams.  A 
somewhat  similar  pipet  with  two 
ground  caps,  but  of  larger  capacity 
(0.75  ml.),  was  used  by  McLean  and 
Adams  (23)  in  the  density  determina¬ 
tions  of  substances  which  melt  without 
decomposition. 

Centigram  and  Milligram  Pipets. 

Since  pipets  with  a  bore  less  than  0.5 
mm.  are  very  difficult  to  fill  with  viscous 
compounds,  the  centigram  pipet  (Fig¬ 
ure  1,  b)  has  been  designed  with  a  bore 
of  1  mm.  The  milligram  pipet  has  the 
same  dimensions  except  that  the  bore 
is  0.5  mm.,  the  lowest  practical  limit, 
although  Furter  (21)  recommends  an 
inner  diameter  of  only  0.2  mm.  The 
pipets  are  made  of  soft  glass  or  “Jena- 
Geraete  Glas”,  tubing  of  uniform  bore 
and  circular  cross  section  being  selected; 

Jena  KPG  tubing  is  recommended  for 
its  uniformity.  The  inner  diameter  of 
a  piece  of  glass  tubing  150  mm.  long 
may  be  determined  by  holding  the 
glass  tubing  with  a  capillary  clamp  (1) 
in  the  optical  axis  of  the  microscope 
and  measuring  the  diameter  with  an  eye¬ 
piece  micrometer. 

The  pipets  have  an  outer  diameter 
of  5  mm.  and  an  over-all  length  of 
120  mm.  They  are  calibrated  in  1-mm. 
intervals.  The  first  mark  is  placed 
just  above  the  ground  joint,  about  20 
mm.  from  the  tip;  every  fifth  mark 
is  drawn  all  around  the  tube  and  every 
tenth  mark  is  numbered  consecu¬ 
tively — 2,  3,  etc.,  or  20,  30,  etc.  The 
satisfactory  performance  of  the  two  types 


of  pipets  depends  to  a  great  extent  on  the  correct  construction  of 
the  ground-joint  tips  and  caps,  which  are  necessary  to  prevent 
excessive  evaporation  of  volatile  liquids  and  moisture  uptake 
by  hygroscopic  substances  during  weighing. 

The  ends  of  the  pipet  have  an  outer  diameter  of  about  2  mm. 
over  a  length  of  6  mm.,  the  outside  edges  being  carefully  fire- 
polished  without  constricting  the  inner  diameter.  The  conical 
part  starts  6  mm.  from  the  end  of  the  pipet,  widening  over  a 
length  of  12  mm.  to  5  mm.  outer  diameter.  Over  a  length  of 
from  6  to  8  mm.  in  its  wider  part  the  ground  joint  fits  snugly 
into  the  caps.  A  space  of  about  1  mm.  should  remain  between 
the  tip  and  the  inner  surface  of  the  cap,  so  that  they  never  touch 
at  any  point.  Unless  there  is  a  minimum  of  dead  space,  the 
liquid  column  is  pressed  out  at  the  open  end,  when  the  first  cap 
is  placed  in  position.  Both  caps  are  numbered  to  avoid  their 
exchange. 

This  construction  of  the  caps  permits  measurements  on  liquids 
of  low  surface  tension,  such  as  ether,  methyl  alcohol,  and  chloro¬ 
form,  which  will  flow  freely  in  one  direction  or  the  other  if  the 
pipet  is  not  held  in  an  exactly  horizontal  position.  Usually  it  is 
difficult  to  prevent  some  of  the  liquid  from  flowing  out  of  a  tip 
during  the  adjustment  of  the  second 
ground  cap;  this  amount  is  collected  in 
the  cap  but  should  not  come  in  contact 
with  the  rough  surface  of  the  ground 
joint.  If  the  joint  becomes  wet,  even 
the  ground  cap  will  not  prevent  the 
evaporation  of  highly  volatile  liquids, 
such  as  n-pentane,  trimethyl  ethylene, 
ether,  etc. 

The  pipets  are  equipped  with  rubber 
tubing,  a  mouthpiece  filled  with  some 
drying  agent,  and  a  counterpoise  of  ap¬ 
proximately  the  same  shape  and  surface 
(glass  rod) :  the  weights  of  the  pipets 
vary  from  6  to  8  grams.  Various  pipets 
were  constructed  before  this  final  form 
was  found  to  be  satisfactory.  (Most  of 
them  were  supplied  by  Carl  von  Czoernig, 
Radnor,  Penna.,  and  Paul  Haack, 
Vienna.) 

Calibration  of  Pipets 

Decigram  Pipet.  The  capacity  is 
determined  with  distilled  water  in  the 
usual  way;  heavier  liquids,  such  as 
bromoform  (df  =  2.893),  permit  a 
higher  degree  of  accuracy  in  the  stand¬ 
ardization  if  their  specific  gravity  is 
known  precisely.  The  use  of  mercury 
in  such  pipets  is  rather  difficult,  unless 
its  rapid  movement  is  adequately  regu¬ 
lated — e.  g.,  by  means  of  the  very  use¬ 
ful  device  of  Francis  (20).  In  a  cali¬ 
bration  or  determination  it  is  best  to 
bring  the  meniscus  just  up  to  the 
mark,  instead  of  overshooting  and 
bringing  it  back. 

The  constancies  of  such  a  decigram 
pipet  are  rather  astonishing.  With 
regard  to  weight,  a  constancy  within 
±8  micrograms  was  obtained  on  6 
consecutive  days  (readings:  tare  plus 
1.435,  1.435,  1.420,  1.425,  1.421,  1.419 
mg.);  with  regard  to  capacity,  con¬ 
stancy  within  ±0.1  cu.  mm.  was  ob¬ 
tained  by  three  investigators  (0.1019, 
0.1021,  0.1019  ml.).  After  6  months’ 
use  the  value  changed  from  0.1019  to 
0.1014  ml.,  and  differences  by  stand¬ 
ardizing  with  water  and  bromoform 
were  small — e.  g.,  0.1012  and  0.1014  ml. 
found  for  water,  0.1013  and  0.1015  ml. 
found  for  bromoform. 

Centigram  and  Milligram  Pipets. 
In  general,  the  measurement  of  the  bore 
by  means  of  the  microscope  is  sufficiently 
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Figure  1.  Specific  Gravity 
Pipets  (Schematic) 

Decigram  pipet,  capacity  100  cu.  mm. 
Centigram  pipet  if  bore  =  1  mm., 
pacity  20  to  80  cu.  mm.;  milli- 
im  pipet  if  bore  =  0.5  mm.,  capacity 
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accurate  to  calculate  the  volume.  It  is  advisable,  however,  to 
calibrate  the  pipets  at  the  first  mark  and  four  other  points  with 
distilled  water  at  the  standard  temperature  of  20°  C.  The  water 
is  kept  in  a  test  tube  in  a  thermostatically  controlled  bath; 
after  being  weighed  on  the  microchemical  balance  within  =*=  20 
micrograms,  the  pipet,  with  the  rubber  tubing  attached  to  the 
upper  end,  is  placed  in  the  test  tube.  About  15  minutes  is  suf¬ 
ficient  time  to  acquire  the  temperature  of  the  bath.  By  means 
of  suction  the  liquid  is  drawn  to  one  of  the  marks,  and  the  pipet 
is  taken  out  of  the  test  tube  and  immediately  brought  into  a 
horizontal  position;  the  free  tip  is  then  quickly  cleaned  from 
adhering  liquid  with  a  piece  of  chamois.  The  reading  of  the 
meniscus  is  taken  with  a  low-power  lens,  at  least  to  about  one- 
quarter  division.  Finally,  the  first  cap  is  fitted  slowly  to  the 
end  of  the  pipet,  so  that  the  liquid  column  is  not  pressed  too  far 
to  the  other  end ;  after  removal  of  the  rubber  tubing  the  second 
cap  is  adjusted.  The  pipet  is  placed  on  the  hooks  of  the  bow  of 
the  left-hand  balance  pan,  and  after  about  20  minutes  is  weighed 
using  counterpoise  and  rider  or  weights. 

The  pipet  should  be  handled  with  capillary  forceps  or  chamois 
fingers;  even  then  there  is  a  slight  heat  effect  noticeable  which 
apparently  diminishes  the  weight  of  the  pipet  if  the  weighing  is 
carried  out  immediately  after  the  above  manipulations.  This 
procedure  is  repeated  for  the  other  marks  and,  if  necessary,  a 
calibration  curve  is  prepared. 

The  results  obtained  with  a  centigram  pipet  of  approxi¬ 
mately  uniform  bore  are  shown  in  Table  I.  As  determined  by 
means  of  the  microscope,  one  division  corresponds  to  0.82 
cu.  mm.,  a  value  which  compares  favorably  with  the  average 
values  of  the  two  series  of  calibrations — 0.83  cu.  mm. 

The  second  series  of  calibrations  was  carried  out  about  2 
months  after  the  first,  with  cleaning,  drying,  and  taking  of 
new  samples  between  determinations.  The  pipet  is  weighed 
before  each  experiment  when  deviations  of  less  than  1  per 
cent  are  desired ;  otherwise,  the  first  weighing  may  be  omitted, 
since  some  of  the  pipets  show  constant  weight  within  20 
micrograms  over  a  period  of  2  months. 

A  thermostatically  controlled  water  bath  is  not  essential  for 
preliminary  identifications  in  qualitative  organic  analysis.  As 
a  substitute  a  2000-ml.  beaker  is  filled  with  water  at  a  temperature 
a  few  degrees  lower  than  that  at  which  the  specific  gravity  is 
to  be  determined.  A  piece  of  cardboard  with  two  openings  1 
cm.  apart  serves  as  a  holder  for  two  test  tubes,  the  one  for  the 
substance  and  pipet,  the  other  for  1  ml.  of  water  and  a  thermome¬ 
ter  divided  in  0.1°  C.  The  bath  is  heated  and  the  pipet  is 
filled  as  soon  as  the  desired  temperature  is  reached. 

Discussion  of  Errors.  The  major  error  in  the  micro¬ 
pipet  method  is  caused  when  the  meniscus  of  the  liquid  in  the 
capillary  part  is  read  inaccurately.  Although  one-tenth 
division  can  be  estimated  by  the  experienced  analyst,  one- 
quarter  division  has  been  set  as  an  easily  attainable  limit  in 
these  investigations.  In  the  decigram  pipet — bore  at  the 
calibration  mark  =  0.5  mm. — an  error  of  0.25  mm.  in  the 
reading  causes  an  error  of  0.05  cu.  mm.  in  the  volume  estima¬ 
tion.  This  corresponds  to  a  possible  error  in  weight  of  from 
30  to  200  micrograms,  when  dealing  with  specific  gravities 
from  0.6  to  4.0.  A  semimicro  balance  (sensitivity  0.01  mg.) 


Table  I.  Calibration  of  a  Centigram  Pipet 


Number  of 

Capacity 

Divisions 

Temperature 

Calcd. 

from 

Found  in 

for  20°  C., 

1  Division  Corresponds  to 

Lower  Tip 

Series  I 

Series  1 

Series  I 

Series  II 

°  C. 

Cu.  mm. 

Cu.  mm. 

Cu.  mm. 

201 

21.0 

16.6 

0.83 

0.82 

30 

20.0 

24.6 

0.80 

0.79 

45 

22.0 

37.4 

0.85 

0.85 

52 

20.5 

43.6 

0  88 

0.87 

63 

20.0 

52 . 5 

0.81 

0.81 

77 

21.0 

64  1 

0.83 

0.83 

Av.  0.83 

0.83 

a  First  graduation  mark  20  mm.  from  tip. 


Table  II.  Comparison  of  Specific  Gravity  Micropipets 
with  Macropycnometer 

' - Specific  Gravities - . 


Macro- 

Deci¬ 

Tempera¬ 

pycnom¬ 

gram 

tures, 

eter, 

pipet. 

Centigram  or  milligram 

Substance 

°  C. 

5  ml. 

0.1  ml. 

pipetsa.6 

n-Pentane 

20/4 

0.6285 

0.628 

0.627b  (12.0  cu.  mm.) 

n-Heptane 

20/4 

0.6841 

0.685 

0.683a  (45.5  cu.  mm.) 

7i-Butylamine 

21/4 

0.7400 

0.740 

0.739a  (32.0  cu.  mm.) 

Methyl  alcohol 

25/4 

0.7864 

0.785 

0.785a  (28.5  cu.  mm.) 

Benzene 

20/4 

0.8790 

0.878 

0.877^  (15.0  cu.  mm.) 

Cyclohexanol 

25/4 

0.9562 

0.954 

0.954a  (25.5  cu.  mm.) 

Morpholine 

20/4 

0  9999 

1.000 

1.005a  (30.5  cu.  mm.) 

Aniline 

20/4 

1.0210 

1.021 

1.022b  (9.5  cu.  mm.) 

Glycerol 

21/4 

1 . 2440 

1.240 

1.245b  (10.0  cu.  mm.) 

1,2-Dibromopro- 

pane 

22/4 

1.9300 

1.933 

1.925a  (70.5  cu.  mm.) 

Ethylene  bromide 

21/4 

2.1360 

2.133 

2.130b  (13.5  cu.  mm.) 

Bromoform 

20/4 

2.8930 

2.889 

2.890a  (25.0  cu.  mm.) 

Clerici  solution  I 

24/4 

4 . 3400 

4.330 

4.345b  (8.5  cu.  mm.) 

Clerici  solution  II 

24/4 

4.2230 

4.224 

4.220b  (15.0  cu.  mm.) 

a  Values  determined  with  centigram  pipet,  capacity  20  to  80  cu.  mm. 
b  Values  determined  with  milligram  pipet,  capacity  6  to  16  cu.  mm. 


is  sufficient  to  allow  determinations  accurate  to  within  0.5 
part  per  thousand,  an  ordinary  balance  (sensitivity  0.1  mg.) 
to  within  1.5  p.  p.  t.  Calculated  on  the  same  basis,  the 
accuracy  of  the  centigram  pipet  with  a  1-mm.  bore,  used 
mainly  for  the  most  viscous  liquids,  is  10  p.  p.  t.  for  the  most 
unfavorable  case;  since  the  above  error  in  the  volume 
estimation  causes  an  error  in  the  weight  of  from  120  to 
800  micrograms,  only  ordinary  balances  or  semimicrobalances 
are  required.  For  the  milligram  pipet  with  a  0.5-mm.  bore, 
the  calculated  accuracy  is  within  5  p.  p.  t.  A  detailed 
evaluation  of  errors  with  centigrams  and  milligrams  of  liquid 
samples  is  made  by  Furter  {21). 

These  calculated  accuracies  represent  the  upper  limits 
under  ordinary  laboratory  conditions,  especially  in  the 
teaching  of  qualitative  organic  microanalysis.  Results  of  a 
special  series  of  experiments,  summarized  in  Table  II,  in¬ 
dicate  that  in  practice  higher  accuracies  are  actually  ob¬ 
tainable.  The  specific  gravities  were  determined  by  three 
different  methods:  (1)  standard  5-ml.  pycnometer,  weighed 
on  an  analytical  balance  with  a  sensitivity  of  0.1  mg.;  (2) 
decigram  pipet,  weighed  on  a  semimicrobalance  with  a  sen¬ 
sitivity  of  0.01  mg.;  (3)  centigram  and  milligram  pipets, 
weighed  on  a  microchemical  balance  with  a  sensitivity  of 
0.001  mg.  In  addition,  the  specific  gravity  of  over  120  com¬ 
pounds  was  determined  with  centigram  or  milligram  pipets. 

The  substances  listed  in  Table  II  varied  widely  in  their 
physical  constants:  specific  gravities  between  0.63  and  4.34, 
very  low  boiling  point  (n-pentane),  low  surface  tension 
(methyl  alcohol),  high  viscosity  (glycerol),  and  high  hygro- 
scopicity  (glycerol,  morpholine).  For  morpholine,  which  is 
not  only  very  hygroscopic  but  also  exceedingly  sensitive 
to  carbon  dioxide  from  the  air,  the  values  were  obtained  in 
an  atmosphere  of  nitrogen  and  compared  favorably  with  the 
one  of  Dermer  and  Dermer  {17)  who  reported  “0.9994  at 
20°/4°  vac.”.  The  glycerol  contained  about  6.5  per  cent 
water,  as  found  by  quantitative  elementary  analysis. 

The  Clerici  solutions  mentioned  in  Table  II  served  as  ma¬ 
nometer  liquids  in  biological  investigations  conducted  by 
K.  A.  C.  Elliott  (7)  of  this  laboratory.  During  an  experiment, 
crystals  appeared  in  the  manometer  liquids;  errors  in  the 
manometric  determinations  were  probably  caused  by  changes 
in  the  specific  gravity.  After  removal  of  the  solutions 
from  the  manometers  the  amounts  available  varied  from  8 
to  50  cu.  mm.  Since  with  larger  quantities  of  substance  a 
higher  accuracy  of  the  determination  can  be  expected,  the 
advantages  of  a  pipet  with  a  variable  volume  range  over  one 
with  a  standard  volume  become  apparent  in  problems  of  this 
kind. 
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Solid  Substances 

The  specific  gravity  of  solids  is  important  in  the  field  of 
mineralogy  and  in  investigations  of  crystalline  structure  and 
molecular  weight;  very  little  emphasis  is  placed  on  its 
determination  in  any  of  the  known  schemes  of  qualitative 
organic  analysis.  The  most  suitable  procedure  for  small 
crystal  fragments  is  the  flotation  method  of  Retgers  (25) 
which  by  including  centrifugation  has  been  improved  by 
Hendricks  and  Jefferson  (22)  and  by  Bernal  and  Crowfoot 
(10).  The  latter  method  has  been  tested  in  this  laboratory, 
applying  carbon  tetrachloride,  benzene,  nitrobenzene,  Clerici 
solutions,  bromoform,  and  methylene  iodide  in  their  pure 
forms  or  in  mixtures.  After  centrifuging  for  5  minutes,  the 
specific  gravities  of  the  reference  liquids  in  which  the  crystals 
remained  suspended  were  determined.  The  amount  of  ma¬ 
terial  necessary  varied  over  a  wide  range,  between  50  and  250 
micrograms,  and  the  accuracy  of  the  determinations  was 
about  5  p.  p.  t.,  depending  on  the  accuracy  with  which  the 
specific  gravity  of  the  reference  liquid  was  determined. 
Since  the  volumes  of  the  latter  after  the  separation  from  the 
solid  phase  were  between  10  and  100  cu.  mm.,  centigram 
and  milligram  pipets  were  applied.  Benzoic  acid,  naph¬ 
thalene,  and  resorcinol  gave  results  which  agreed  favorably 
with  the  values  reported  by  Hendricks  and  Jefferson  (22). 

Conclusion 

The  general  applicability  of  decigram,  centigram,  and  milli¬ 
gram  pipets  has  been  demonstrated  for  the  determination  of 
specific  gravities  of  liquids  and  solids.  The  accuracies  ob¬ 
tainable  under  ordinary  laboratory  conditions  are  sufficiently 
high  for  a  safe  identification  of  unknown  liquids  or  solid 
organic  compounds  in  qualitative  organic  microanalysis,  as 
shown  by  their  satisfactory  use  over  more  than  5  years  by 
different  investigators. 
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Correspondence — Toxicity  of  Aromatics 


Sir:  Apparently  the  degree  of  toxicity  of  the  simpler  mem¬ 
bers  of  the  aromatic  series  is  a  subject  more  involved  than  we 
recognized  when  preparing  the  article  entitled  “Detection  of 
Aromatics  in  Air”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  433  (1940)]. 
In  this  article  we  made  the  unfortunate  error  of  substituting  the 
word  “aromatic”  for  “benzene”  in  quoting  the  National  Safety 
Council  Benzol  Report  of  1926.  R.  C.  Stratton,  supervising 
chemical  engineer  of  the  Travelers’  Insurance  Company,  has  very 
kindly  pointed  out  that  this  error  has  caused  the  reproduction  of 
an  inaccurate  statement:  “that  100  p.  p.  m.  of  aromatics  is  the 
maximum  aromatic  concentration  in  which  a  man  may  work 
safely.” 

The  original  of  this  quotation,  we  now  understand,  meant  that 
concentrations  of  benzene  in  excess  of  100  p.  p.  m.  will  cause 
chronic,  but  not  acute,  pathological  poisoning.  Although  a  num¬ 
ber  of  references  in  Ethel  Browning’s  “Toxicity  of  Industrial  Sol¬ 
vents”,  issued  by  His  Majesty’s  Stationery  Office,  London,  1937, 
state  that  toluene  and  xylene  are  at  least  as  toxic  as,  if  not  more 
than,  benzene,  Mr.  Stratton  has  explained  that  these  statements 


refer  to  acute  poisoning,  and  most  probably  indicate  that  these 
heavier  aromatics  cause  more  rapid  narcosis,  and  other  symptoms 
of  acute  asphyxiation  or  poisoning,  than  does  benzene.  Mr. 
Stratton  points  out  a  further  reference,  which  we  had  overlooked, 
as  follows:  “With  concentrations  of  620  to  1000  p.  p.  m.,  inhala¬ 
tion  of  toluene  produces  practically  no  symptoms  in  animals. 

Our  article  was  concerned  primarily  with  a  procedure  for  de¬ 
termining  quantitatively  the  concentration  of  aromatic  vapors 
in  industrial  atmospheres  and  we  believe  that  the  method  out¬ 
lined  is  accurate,  reproducible,  and  valid  for  this  purpose.  The 
decision  as  to  the  maximum  concentration  for  a  satisfactory  work¬ 
ing  condition  does  not  rest  with  the  chemist,  and  is  apparently  a 
potential  subject  for  wider  investigation  and  education.  We 
are  offering  this  communication  to  correct  any  inaccurate  im¬ 
pressions  which  may  have  been  made  by  the  original  article. 

G.  R.  Gilbert  and  R.  E.  Tannich 

Humble  Oil  &  Refining  Co. 

Baytown,  Texas 
October  21,  1940 


Determination  of  Mercury  in  Urine 

A  Photometric  Method  Using  a  New  Reagent,  Di-Beta-Naphthylthiocarbazone 

DONALD  M.  HUBBARD 

Kettering  Laboratory  of  Applied  Physiology,  University  of  Cincinnati,  Cincinnati,  Ohio 


THE  behavior  of  di-/3-naphthylthiocarbazone  toward  the 
salts  of  heavy  metals  has  been  studied  recently  by  Su- 
prunovich,  who  reported  that  it  was  closely  analogous  to  that 
of  dithizone  (diphenylthiocarbazone),  but  characterized  by  a 
greater  sensitivity  of  reaction  (10).  Since  the  mercury  com¬ 
plex  of  di-/3-naphtliylthiocarbazone  is  red,  a  color  especially 
attractive  for  “mixed  color”  technique,  it  appeared  desirable 
to  study  the  properties  of  this  complex  with  the  object  of  ap¬ 
plying  this  reagent  to  the  determination  of  mercury  in  bio¬ 
logical  material,  especially  urine. 

Both  Preund  (9)  and  Suprunovich  (10)  have  synthesized 
the  compound,  the  latter  using  a  method  similar  to  that  em¬ 
ployed  by  Fischer  (8)  in  the  synthesis  of  dithizone.  In  the 


Table  I.  Analysis  of  Di-/3-Naphthylthiocarbazone 

Theoretically 


Found  Present 

%  % 

C  ■  70.60  70.78 

H  4.64  4.53 

N  14.98  15.72 

S  9.86  8.99 


author’s  hands  the  method  of  Suprunovich  (10)  was  not 
satisfactory.  By  following  his  technique  the  2-naphthylhy- 
drazine  salt  of  2-naphthylhydrazino-/3-dithiocarbonic  acid 
(melting  point  135°  C.)  was  obtained  as  reported.  However, 
removal  of  hydrogen  sulfide  from  the  molecule  by  melting  in 
an  atmosphere  of  carbon  dioxide  failed  to  yield  di-/3-naphthyl- 
thiocarbazide  with  any  degree  of  purity.  But  when  a  satu¬ 
rated  benzene  solution  of  the  2-naphthylhydrazine  salt  of  2- 
naphthylhydrazino-/3-dithiocarbonic  acid  was  allowed  to 
stand  for  several  days  in  a  loosely  stoppered  Erlenmeyer  flask, 
a  slow  evolution  of  hydrogen  sulfide  resulted  and  di-/3-naph- 
thylthiocarbazide  was  obtained  as  a  gray  precipitate  adhering 
to  the  sides  and  bottom  of  the  flask.  This  intermediate  was 
then  converted  to  di-/3-naphthylthiocarbazone  by  following 
the  method  as  outlined  from  that  point.  Microanalytical 
results  for  the  final  product  as  listed  in  Table  I  were  computed 
on  an  ash-free  basis  (ash  content  1.5 
per  cent). 

Because  of  the  method  of  synthesis 
employed,  the  ash  consisted  princi¬ 
pally  of  potassium  salts  which  did 
not  introduce  any  difficulty  into 
the  analytical  procedure.  Several 
lots  synthesized  by  this  method, 
as  well  as  a  lot  synthesized  by  an 
entirely  different  procedure,  yielded 
products  which  in  chloroform  solu¬ 
tion  gave  identical  transmission 
curves.  For  this  reason  and  because 
the  author’s  analytical  results  were 
in  close  agreement  with  those  of 
Suprunovich  (he  found  70.52  per 
cent  for  carbon  and  4.71  per  cent 
for  hydrogen),  the  author  assumed 
that  he  was  dealing  with  the  com¬ 
pound  which  Suprunovich  had  de¬ 


scribed  (10).  Suprunovich  evidently  based  his  identification 
of  the  compound  on  these  two  elements. 

Di-/3-naphthylthiocarbazone  synthesized  as  described  above 
became  the  basis  of  a  photometric  “mixed  color”  method  for 
the  quantitative  determination  of  mercury  in  urine,  with  a 
sensitivity  comparable  to  that  of  similar  methods  for  lead  and 
bismuth  employing  dithizone  (6,  7).  Two  extraction  steps 
were  found  necessary,  the  first  to  remove  copper  interference 
and  place  the  range,  the  second  for  the  final  estimation  of 
mercury  as  its  pure  complex  with  di-/3-naphthylthiocarbazone. 

Reagents 

High-grade  chemicals  are  used  throughout  the  analysis  to  en¬ 
sure  a  low  initial  mercury  content,  but  no  attempt  is  made  to 
remove  traces  found  in  the  potassium  permanganate. 

Chloroform  is  freshly  distilled,  and  used  chloroform  containing 
di-/3-naphthylthiocarbazone  and  the  di-/3-naphthylthiocarbazone 
complex  of  mercury  is  reclaimed  as  previously  described  (6), 
except  that  5  ml.  of  absolute  alcohol  are  added  to  each  liter  of  re¬ 
claimed  chloroform  to  replace  alcohol  removed  during  treatment 
with  hydroxylamine. 

Glassware 

All  glassware  (Pyrex)  before  use  is  washed  thoroughly  with  hot 
dilute  nitric  acid  (50  ml.  of  nitric  acid,  sp.  gr.  1.40,  per  100  ml.) 
and  rinsed  with  distilled  water  to  ensure  removal  of  mercury  pres¬ 
ent  as  surface  contamination  through  previous  use. 

Apparatus 

A  photoelectric  spectrophotometer,  constructed  in  this  labora¬ 
tory  and  shown  essentially  in  Figure  1,  is  employed  for  transmis¬ 
sion  and  density  measurements.  Readings  are  taken  with  the 
monochromator  set  at  515  m fi.  The  instrument  is  equipped  with 
Aminco,  style  D,  class  3,  high  precision  matched  cells.  The  fight 
source  consists  of  a  100-watt,  115-volt  projection  lamp  (with  pre¬ 
focused  base)  maintained  at  a  constant  voltage  (115  volts)  by  a 
Raytheon  voltage  regulator.  Two  optically  centered  double  con¬ 
vex  lenses  are  placed  in  the  fight  path,  a  220-mm.  focus  lens  be¬ 
tween  the  light  source  and  the  absorption  cells,  and  a  100-mm. 
focus  lens  in  front  of  the  spectrometer.  An  automatic  shutter  is 
placed  in  the  fight  path  between  the  cells  and  the  100-mm.  lens. 
The  photocell,  a  G.  E.  blocking  layer  type,  placed  at  the  exit  pupil 
of  the  spectrometer  is  used  with  a  Type  R  Leeds  &  Northrup 
galvanometer,  sensitivity  0.0005  microampere  per  mm.  at  a  dis¬ 
tance  of  1  meter  from  scale. 


Figure  1.  Photoelectric  Spectrophotometer 
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Figure  2.  Transmission  Curves 
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To  the  combined  extracts  or  an  aliquot 
corresponding  to  not  more  than  50  micrograms 
of  mercury  contained  in  a  separatory  funnel, 
add  a  mixture  consisting  of  75  ml.  of  water,  2  ml. 
of  dilute  sulfuric  acid  (50  ml.  of  sulfuric  acid,  sp. 
gr.  1.84,  per  100  ml.)  and  4  ml.  of  aqueous 
sodium  thiosulfate  solution  (1.5  grams  per  100 
ml.,  11).  Shake  the  funnel  and  contents  for  1 
minute,  thereby  transferring  the  mercury  from 
the  chloroform  to  the  aqueous  phase  (the  copper 
remaining  in  the  chloroform  phase),  and  then 
discard  the  chloroform  layer.  Remove  traces  of 
di-d-naphthylthiocarbazone  by  washing  with 
two  or  three  2-ml.  portions  of  chloroform  and 
then  remove  the  chloroform  completely.  Trans¬ 
fer  the  aqueous  fraction  completely  to  the  original 
200-ml.  boiling  flask,  add  5  ml.  of  saturated 
potassium  permanganate  solution,  insert  the  con¬ 
denser,  and  apply  heat  as  before  for  about  10 
minutes.  Cool  the  solution,  and  decolorize  by 
adding  aqueous  hydroxylamine  hydrochloride 
solution  (5  grams  per  100  ml.)  drop  by  drop.  Add 
1  ml.  in  excess,  reinsert  condenser,  and  heat  just 
to  boiling,  then  cool  and  dilute  to  100  ml. 

Extraction  2  (Estimation  of  Mercury).  For 
the  final  estimation,  extract  the  mercury  by 
means  of  chloroform  solutions  of  di-d-naphthyl- 
thiocarbazone  of  various  strengths,  depending 
upon  the  range.  The  technique  of  estimation 
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Procedure 

Preparation  of  Sample.  Measure  50  ml.  of 
urine  and  transfer  to  a  200-ml.  boding  flask  with 
round  bottom  and  vial  mouth.  Add  10  ml.  of 
dflute  sulfuric  acid  (50  ml.  of  sulfuric  acid,  sp.  gr. 

1.84,  per  100  ml.)  and  one  5-grain  (0.32-gram) 
tablet  of  potassium  permanganate.  Drop  into 
the  flask  a  few  smaU  pieces  of  Carborundum,  in¬ 
sert  an  all-glass  “cold  finger”  condenser  (2,  5) 
with  lower  end  extending  into  flask  to  a  point 
about  1.25  cm.  (0.5  inch)  above  surface  of  the 
liquid,  and  apply  heat,  boiling  gently.  When 
solution  clears  remove  the  condenser  and  quickly 
add  another  tablet.  Repeat  this  operation  until 
the  potassium  permanganate  discoloration  per¬ 
sists;  four  tablets  generally  suffice.  Remove  the 
condenser,  cool  the  solution  to  room  tempera¬ 
ture,  decolorize  by  the  dropwise  addition  of 
aqueous  hydroxylamine  hydrochloride  solution 
(50  grams  per  100  ml.),  and  follow  with  2  ml. 
more.  Reinsert  the  condenser  and  heat  the  flask 
and  contents  just  to  boiling.  Cool  as  before  and 
transfer  the  contents  with  rinsing  to  a  properly 
graduated  150-ml.  Squibb  separatory  funnel 
equipped  with  glass  stopper  held  on  by  a  rubber  tie. 

Extraction  1  (Removal  of  Copper).  Dilute 
the  sample,  thus  prepared,  to  100  ml.  and 
extract  the  mercury  together  with  any  small 
amounts  of  copper  present  by  the  addition  of  di-3-naphthyl- 
thiocarbazone  solution  in  chloroform  (20  mg.  per  liter).  First 
add  2  ml.  and  shake  the  funnel  and  contents  vigorously  for  1 
minute.  Visual  inspection  of  the  color  of  the  separated  chloro¬ 
form  phase  will  indicate  whether  or  not  the  mercury  content  is 
below  5  micrograms.  Continue  extraction  by  adding  a  further  3- 
ml  portion  of  di-3-naphthylthiocarbazone  solution,  shaking  for  1 
minute  and  repeating  with  5-ml.  portions  until  color  changes  are 
no  longer  visible,  thus  fixing  the  range  in  a  manner  similar  to  that 
employed  for  lead  and  bismuth  (I,  6,  7).  The  mercury  complex 
of  di-d-naphthylthiocarbazone  in  chloroform  imparts  a  red  color 
with  a  blue  tinge.  Each  5-ml.  portion  extracts  approximately 
25  micrograms  of  mercury. 


Table  II.  Di-/3-Naphthylthiocarbazone  Concentrations 
and  Cell  Lengths 

(For  different  ranges  in  the  determination  of  mercury  in  urine'; 

Range  DN  Concentration  Volume  Used  Cell  Length 

Micrograms  Mg.fl.  Ml.  Mm. 

10  50 

25  25 

20  10 


600 


700 


0-5 

0-25 

0-50 


6 

8 

20 


500 

Wave  lengths  ( mp  ) 

Figure  3.  Transmission  Curves 


has  been  previously  described  ( 6 ).  The  concentrations  of  di-d- 
naphthylthiocarbazone  and  the  cell  lengths  used  for  different 
ranges  may  be  obtained  from  Table  II. 

Working  curves  are  obtained  with  known  amounts  of  mercury 
as  the  nitrate.  The  mercury  standards  are  treated  with  1  ml.  of 
aqueous  hydroxylamine  hydrochloride  solution  (5  grams  per  100 
ml.),  2  ml.  of  dilute  sulfuric  acid  (50  ml.  of  sulfuric  acid,  sp.  gr. 
1.84  per  100  ml.),  and  sufficient  distilled  water  to  give  a  volume  of 
100  ml.,  before  proceeding  with  the  extractions. 

Analytical  Results 

In  Table  III  are  listed  results  obtained  by  the  analysis  of 
50-ml.  samples  of  normal  urine  (in  triplicate)  containing 
known  added  amounts  of  mercury.  The  results  reported 
were  obtained  by  subtracting  the  reagent  blank  of  0.5  micro- 
gram.  The  first  three  results  shown  in  Table  III  are  listed  as 
the  actual  reagent  blank  obtained  by  substituting  50  ml.  of 
distilled  water  for  50  ml.  of  urine. 

Discussion 

The  compound  di-/3-naphthylthiocarbazone  exhibits  the 
same  general  characteristics  as  dithizone.  The  chloroform- 
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soluble  complexes  with  mercury,  lead,  and  bismuth  show 

specific  differences  in  color,  however,  as  shown  below:  Table  III.  Recovery  of  Known  Amounts  of  Mercury  Added 

to  Urine 


Metal 

Color  with  DN 

Color  with  Dithizone 

Hg 

Red  (blue  shade) 

Yellow 

Pb 

Purple 

Rose  red 

Bi 

Magenta 

Orange 

In  Figures  2  and  3  are  shown  transmission  curves  for  di-/3- 
naphthylthiocarbazone  and  its  corresponding  complexes  with 
mercury,  lead,  and  bismuth,  chloroform  serving  as  the  sol¬ 
vent.  The  peaks 
of  maximum 
density  (minimum 
transmission)  as 
compared  with 
dithizone  are 
shifted  toward 
higher  wave 
lengths.  For  ex¬ 
ample,  the  maxi¬ 
mum  density  for 
the  dithizone  mer¬ 
cury  complex  is 
found  at  490  mp, 
whereas  the  mer¬ 
cury  complex  of 
the  compound  di- 
/3-naphthylthio- 
carbazone  shows  a 
maximum  density 
at  515  mix,  a  spec¬ 
tral  region  where 
visual  density 
measurements  can 
be  made  with 
greater  ease. 
Although  Su- 
prunovich  claims  that  the  sensitivity  of  detection  of  lead 
is  increased  200-fold  when  di-/3-naphthylthiocarbazone  is 
used  instead  of  dithizone,  inspection  of  Figures  4  and  5 
shows  no  gain  in  sensitivity  for  the  quantitative  estimation 
of  lead  and  but  slight  gain  in  sensitivity  for  bismuth  when 
corresponding  slopes  for  the  curves  obtained  by  suitable 
“mixed  color”  technique  at  pH  9.5  are  compared.  Any  gain 
in  slope  is  offset  by  the  fact  that  di-/?-naphthylthiocarbazone 
shows  little,  if  any,  solubility  in  the  alkaline  aqueous  phase  at 
pH  9.5,  as  demonstrated  by  an  unusually  high  density  reading 
for  zero  lead  and  zero  bismuth. 

Fischer  (4)  states  that  a  “mixed  color”  dithizone  method 
for  mercury  would  be  disturbed  by  the  presence  of  copper, 
silver,  gold,  palladium,  and  platinum.  These  metals,  with 
the  exception  of  palladium,  were  tested  with  di-/3-naphthyl- 
thiocarbazone  and  the  same  interference  was  found.  Gold, 
palladium,  and  platinum  have  not  been  encountered  in  urine. 
Copper  can  be  separated  from  mercury  by  means  of  the  thio¬ 
sulfate  ion.  The  presence  of  silver  in  urine  has  been  shown 
to  be  very  infrequent  ( 8 )  and  interference  by  it  has  not  been 
encountered  in  this  study. 

The  method  of  preparing  urine  samples  by  using  potassium 
permanganate  and  sulfuric  acid  for  the  destruction  of  organic 
matter  is  satisfactory.  Solid  tissues  and  blood  have  not  been 
investigated  as  yet  and  it  is  recognized  that  the  destruction  of 
organic  matter  in  these  materials  requires  a  more  drastic 
treatment  for  which  special  technique  must  be  developed  to 
prevent  losses  of  mercury. 

The  reagent  blank  of  0.5  microgram  of  mercury  has  been 
found  constant  for  each  analytical  result  shown  in  Table  III. 
This  constant  depends  primarily  upon  the  amount  of  potas¬ 
sium  permanganate  used,  and  it  is  necessary  to  run  a  reagent 


Pb  (micrograms) 

Figure  4 


(50-mi.  samples) 

Range  Used  Mercury  Added 

Micrograms  Micrograms 


Mercury  Found 
Micrograms 


0-5 

Nil 

0 . 6° 

0-5 

Nil 

0.5® 

0-5 

Nil 

0.5® 

0-5 

Nil 

0.1 

0-5 

Nil 

Nil 

0-5 

Nil 

Nil 

0-5 

1.0 

1.0 

0-5 

1.0 

1.1 

0-5 

1.0 

1.0 

0-5 

3.0 

3.0 

0-5 

3.0 

3.0 

0-5 

3.0 

3.1 

0-5 

5.0 

5.1 

0-5 

5.0 

5.1 

0-5 

5.0 

5.1 

0-25 

5.0 

5.0 

0-25 

5.0 

4.5 

0-25 

5.0 

5.0 

0-25 

15.0 

14.5 

0-25 

15.0 

15.0 

0-25 

15.0 

15.0 

0-25 

25.0 

24.5 

0-25 

25.0 

25.0 

0-25 

25.0 

24.5 

0-50 

50 

51 

0-50 

50 

50 

0-50 

50 

51 

0-50 

100 

100 

0-50 

100 

102 

0-50 

100 

100 

0-50 

250 

245 

0-50 

250 

250 

0-50 

250 

250 

a  Calculated  as  a  reagent  blank,  substituting  50  ml.  of  distilled  water  for 
50  ml.  of  urine. 


blank  for  each  set  of 
analyses.  Because  of 
the  error  of  =*=0.1  mi¬ 
crogram  inherent  in  the 
evaluation  of  this 
reagent  blank,  the 
sensitivity  of  the 
method  for  amounts 
of  mercury  of  5  mi¬ 
crograms  and  below  be¬ 
comes  =*=0.2  microgram. 

Up  to  the  present  time 
no  method  has  been 
found  forremoving 
mercury  from  the 
potassium  permanga¬ 
nate  used. 

A  photoelectric  spec- 
trophotometer  has 
been  employed  in  the 
author’s  experiments; 
however,  visual  instru¬ 
ments  such  as  spectro¬ 
photometers  or  photometers  with  suitable  filters  may  be  used 
for  photometric  measurement. 

Since  the  yield  of  di-/3-naphthylthiocarbazone  by  the 
author’s  adaptation  of  Suprunovich’s  method  is  not  very 
satisfactory,  further  work  on  the  synthesis  of  the  compound  is 
going  forward. 


Figure  5 


Summary 

A  photometric  “mixed  color”  method  has  been  developed 
for  the  determination  of  mercury  in  urine  by  the  use  of  di-/3- 
naphthylthiocarbazone,  an  analog  of  dithizone. 

Small  samples  (50  ml.)  are  prepared  for  analysis  by  oxidiz¬ 
ing  the  organic  matter  with  potassium  permanganate  in  the 
presence  of  sulfuric  acid.  The  mercury  is  extracted  in  two 


DECEMBER  15,  1940 


ANALYTICAL  EDITION 


771 


steps,  the  first  to  remove  copper  (the  only  interfering  element 
found  present  in  urine)  and  the  second  to  separate  the  mercury 
as  a  pure  complex  of  di-fl-naphthylthiocarbazone  for  final 
photometric  estimation. 

The  method  is  very  sensitive.  An  accuracy  of  ±0.2  micro- 
gram  has  been  obtained  for  5  micrograms  or  less  of  mercury. 
Amounts  exceeding  50  micrograms  can  be  determined  with  an 
error  not  greater  than  ±2  per  cent. 
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Titration  of  Ammonia  in  Presence 

of  Boric  Acid 

In  the  Macro-,  Semimicro-,  and  Micro-Kjeldahl  Procedures,  Using 
Methyl  Red  Indicator  and  the  Color-Matching  End  Point 

E.  C.  WAGNER 

Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Penna. 


THIS  paper  supplements  a  previous  communication 
(6),  in  which  there  were  shown  the  accuracy  of  the  color¬ 
matching  end  point  with  methyl  red  indicator  in  the  titra¬ 
tion  of  ammonia  in  boric  acid  solution,  and  its  applicability 
to  the  macro-  and  micro-Kjeldahl  procedures.  The  same 
titration  procedure  was  later  incorporated  into  the  semi- 
mi  cro-Kjeldahl  method;  the  conditions  for  this  titration,  not 
previously  published,  are  given  below,  with  some  analytical 
results.  It  appears,  from  inquiries  received  and  from  obser¬ 
vations  of  student  experiences,  that  the  earlier  description  of 
the  titration  may  have  been  insufficiently  explicit,  leaving  the 
operator  not  fully  prepared  for  the  color  phenomena  observed 
as  the  end  point  is  approached  and  reached.  The  comments 
and  additional  directions  given  below  are  intended  to  clarify 
this  matter.  The  essential  experimental  conditions  for  the 
macro-,  semimicro-,  and  microprocedures  are  tabulated,  so 
as  to  have  in  one  place  the  information  needed  for  execution 
of  the  decomposition,  distillation,  and  titration  on  any  of 
these  three  scales. 

Boric  Acid  Solution 

A  4  per  cent  solution  of  boric  acid  serves  for  the  macro-, 
semimicro-,  and  microprocedures.  As  a  matter  of  conven¬ 
ience,  and  to  ensure  the  presence  of  the  same  quantity  of 
methyl  red  in  both  color  standard  and  analysis  liquid,  the 
methyl  red  should  be  added  to  the  whole  supply  of  boric  acid 
solution,  prepared  as  follows: 

Dissolve  40  grams  of  boric  acid  in  each  liter  of  water,  boiling 
the  solution  for  some  time  to  expel  carbon  dioxide.  Transfer  the 
solution  to  a  bottle  or  flask  of  Pyrex  glass  (4)  and  allow  to  cool. 
To  determine  the  proper  amount  of  indicator,  add  for  each  liter 
of  solution  2  cc.  of  a  0.05  per  cent  solution  of  methyl  red  in  dilute 
alcohol  (prepared  by  dissolving  the  methyl  red  in  95  per  cent 
alcohol  and  then  diluting  with  about  two  thirds  as  much  water). 
Measure  with  a  graduated  cylinder  the  volume  of  the  boric  acid 
solution  required  for  analysis  (Table  II,  B  2),  transfer  to  an  Er- 
lenmeyer  flask  (Table  II,  B  1),  dilute  with  water  as  indicated  in 


Table  II  (the  sum  of  the  quantities  given  in  B  3  and  B  4;  ordi¬ 
nary  laboratory  distilled  water  may  be  used  here),  and  observe 
the  color,  which  should  be  clear  red. 

To  judge  whether  or  not  the  color  is  of  an  intensity  favorable 
for  the  color-matching  titration,  introduce  0.5  drop  of  standard 
alkali,  whose  normality  is  approximately  that  of  the  acid  to  be 
used  (Table  II,  C  2),  and  then  one  drop  of  the  standard  acid  (or 
vice  versa),  and  observe  whether  or  not  the  color  changes  are 
readily  detectable,  making  the  observations  by  light  from  the 
source  to  be  used  in  the  analyses.  Then,  as  needed,  add  to  the 
stock  solution  either  more  methyl  red  or  more  4  per  cent  boric 
acid  solution,  and  repeat  the  test.  The  amount  of  indicator 
to  be  used  is  to  some  extent  a  matter  of  individual  preference, 
but  a  color  which  is  too  strong  or  too  faint  is  hard  to  match. 

Store  the  solution  so  as  to  avoid  undue  access  of  air.  It  usually 
keeps  well  (4),  and  in  presence  of  the  indicator  any  deteriora¬ 
tion  (6)  is  revealed  by  a  change  of  color  to  red-orange  or  orange— 
i.  e.,  a  color  other  than  clear  red.  In  this  case  add  to  the  entire 
supply  enough  0.1  N  acid  (by  drops)  to  restore  a  normal  color. 

Color-Matching  Titration 

The  titration  of  ammonia  in  boric  acid  solution,  with  the 
aid  of  methyl  red  indicator,  is  based  on  the  facts  that  in  pres¬ 
ence  of  boric  acid  the  indicator  develops  its  acid  color  in  an 
intermediate  intensity,  corresponding  to  the  acidity  of  the 
boric  acid  solution,  and  that  this  color  is  markedly  changed 
in  intensity  by  minimal  amounts  of  either  alkali  or  mineral 
acid.  During  the  titration  of  ammonia  the  initially  yellow 
or  orange  solution  develops  a  reddish  cast  as  the  equivalence 
point  is  approached,  and  upon  continued  addition  of  acid  the 
red  tone  becomes  progressively  clearer  and  deeper,  finally 
reaching  a  maximum  well  beyond  the  equivalence  point. 
There  is  at  no  time  a  sharp  color  change,  but  at  the  equiva¬ 
lence  point  the  intensity  of  the  red  color  is  identical  with  that 
of  the  boric  acid-methyl  red  solution  similarly  diluted.  This 
point  of  equal  intensities  can  be  recognized  by  having  at  hand 
as  a  guide  for  the  eye  a  properly  prepared  color  standard 
which  contains  in  the  same  volume  of  liquid  the  same  amounts 
of  boric  acid  and  methyl  red.  Most  persons  can  readily  detect 
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Table  I.  Determination  of  Nitrogen  by  Semimicro- 
Kjeldahl  Method0 

(With  absorption  and  titration  of  ammonia  in  boric  acid  solution) 


Nitrogen 

Substance  Calculated 

Nitrogen 

Found 

% 

% 

Taurine 

11.20 

11.19 

11.11 

Trimeric  methylene-p-phenetidine 

9.39 

9.23 

9.31 

Methylene-iV.iV'-bis-Cp-phenetidine) 

9.78 

9.73 

9.72 

3-p-Anisyl-6-methoxy-l,2,3,4-tetrahydro- 

quinazoline 

10.37 

10.34 

10.30 

10.26 

N-[(2-benzalamino-5-chloro)-benzyl]-p-chloroaniline 

7.89 

7.80 

7.84 

(C6H5CH2.N.C6H4CH2-)3 

7.17 

7.11 

7.07 

°  Analyses  represented  were  performed  by  F.  W.  Landau. 


the  differences  in  color  intensity  corresponding  to  0.01  to 
0.02  cc.  of  standard  acid. 

To  increase  the  accuracy  of  observation  the  Erlenmeyer 
flasks  used  should  be  identical  in  capacity  and  shape,  and 
should  be  as  nearly  as  possible  alike  in  wall  thickness  and  in 
the  character  of  the  shadows  or  optical  aberrations  observable 
within  their  liquid  contents. 

In  the  macro-  and  semimicroprocedures  the  boric  acid- 
methyl  red  solution  may  be  measured  with  a  graduated  cylin¬ 
der;  a  pipet  should  be  used  in  the  microprocedure.  To 
minimize  final  error  due  to  carbon  dioxide  the  water  added  in 
preparing  the  color  standard  should  be  (a)  carbon  dioxide-free 
water  approximately  equal  in  volume  to  the  water  trans¬ 
ferred  during  the  Kjeldahl  distillation,  and  (6)  ordinary  dis¬ 
tilled  water  in  approximately  the  amount  of  the  titration. 
Since  an  approximate  equalization  of  volumes  is  frequently 
necessary  near  the  end  point,  it  is  advisable  to  prepare  the 
color  standard  so  that  its  volume  is  slightly  greater  than  the 
anticipated  final  volume  of  the  titration  liquid.  The  equaliza¬ 
tion  of  volumes  then  involves  only  the  addition  of  water  to 
the  titration  liquid,  and  the  color  standard  need  not  be 
altered.  The  properly  diluted  color  standard  (Table  II,  B), 
if  kept  in  a  tightly  stoppered  flask,  can  be  used  for  a  week  or 
more  or  until  a  noticeable  alteration  of  the  original  color 
occurs. 

At  the  end  of  the  Kjeldahl  distillation  place  the  flasks  contain¬ 
ing  the  ammoniacal  distillate  and  the  color  standard  side  by  side 
on  the  white  surface  of  the  buret  stand.  The  two  liquids  must 
be  equally  lighted,  and  the  titration  should  be  made  in  a  place 
where  no  near-by  objects  cause  unequal  shadows  within  the 
flasks.  Daylight  or  fight  from  a  titration  illuminator  is  to  be 
preferred,  but  titrations  have  been  made  by  ordinary  electric 
light  with  not  more  than  slight  decrease  in  accuracy.  Titrate 
the  ammonia  with  standard  acid  until  a  pink  tint  appears  and 
deepens  to  an  intensity  still  plainly  weaker  than  that  of  the 
control. 

Now  approximately  equalize  the  volumes  of  the  two  liquids 
(equalization  of  liquid  levels  will  suffice)  by  addition  of  water  to 
the  partially  titrated  distillate,  using  water  free  from  carbon 
dioxide  if  much  is  required.  Continue  the  titration  cautiously 
thereafter,  by  small  increments  and  finally  by  drops  and  frac¬ 
tions  of  drops,  until  the  red  color  matches  in  intensity  that  of  the 
color  standard.  The  intensities  can  be  matched  readily  by  look¬ 
ing  obliquely  downward  through  the  liquids  at  the  white  surface 
beneath.  It  is  best  to  view  the  two  liquids  simultaneously  and 
to  make  an  immediate  decision  as  to  the  equality  or  inequality 
of  the  two  intensities.  When  the  colors  appear  to  be  identical 
record  the  buret  reading,  and  then  test  the  end  point  by  addi¬ 
tion  of  0.01  to  0.02  cc.  of  standard  acid,  which  should  markedly 
and  unmistakably  increase  the  color  intensity  as  compared  with 
that  of  the  control.  It  is  an  advantage  of  this  procedure  that 
the  end  point  can  be  confirmed  within  0.01  to  0.02  cc.  by  the 
overtitration  described. 


Table  II.  Essential  Experimental  Conditions  for  Macro-, 
Semimicro-,  and  Micro-Kjeldahl  Procedures 


(With  absorption  and  titration  of  ammonia  in  boric  acid  solution) 


Digestion  and  distillation 
of  ammonia 

1.  Kjeldahl  flasks,  capac¬ 

Macro 

Semi  micro 

Micro 

ity,  cc. 

2.  Nitrogen,  normal  lim¬ 

500 

100 

15 

its,  mg. 

3.  H2SO4  coned.,  most 

15  to  90 

1 . 5  to  7 

0.4  to  1.4 

compounds,  cc. 

4.  K2SO4,  grams  (or  0.8 

20-30 

3-5 

1 

as  much  NaaSCh) 

10 

1-2 

0.4c 

5.  Catalyst3 

Se  0.2  g. 

Se  0 . 05  g.l> 

Se  0.02  g.« 

6.  Normal  time  of  diges¬ 
tion  after  clearing, 

HgO  0.5  g. 

HgO  0. 1  g. 

HgO  0.03  g. 

min.d 

60 

25 

15 

7.  Water  added,  cc. 

150-200 

35-50 

6« 

8.  Volume  distilled,  cc. 

Color  standard 

1.  Erlenmeyer  flasks, 

150 

25 

10/ 

capacity,  cc. 

2.  Boric  acid-methyl  red 

500 

100  or  150 

50  or  100 

solution,  cc. 

50 

25 

5 

3.  C02-free  water,  cc. 

4.  Ordinary  distilled 

150 

25 

10 

water,  cc. 

Titration  of  ammonia 

1.  Buret,  capacity  and 

50 

25 

10 

graduations,  cc. 

50/0.1 

25/0.1 

10/0 . 05 

2.  Normality  of  acid 

0.1-0. 2 

0.02 

0.01 

3.  Limits  of  titration,  cc. 

4.  Volume  at  end  point, 

10  to  50 

5  to  25 

3  to  10 

cc. 

210  to  250 

55  to  75 

18  to  25 

°  For  most  analyses  selenium  alone  is  effective.  For  substances  difficult 
to  decompose,  both  selenium  and  mercury  may  be  used  to  advantage  (5,  7,  9). 
Rapid  digestions  are  claimed  by  use  of  mercury  with  dipotassium  phosphate 
and  ferric  sulfate  (II).  To  precipitate  mercury  there  should  be  added,  at  the 
time  the  liquid  is  made  alkaline,  for  each  0.1  gram  of  mercuric  oxide  not  less 
than  0.12  gram  of  crystalline  sodium  sulfide,  0.8  gram  of  fused  chips,  or  2.2 
grams  of  sodium  thiosulfate  (3). 

f>  It  is  convenient  to  use  a  selenized  boiling  granule,  as  supplied  by  the 
Hengar  Company,  1833  Chestnut  St.,  Philadelphia. 

c  The  potassium  sulfate-copper  sulfate  mixture  recommended  by  Pregl 
(3,  10)  may  be  used,  the  decomposition  being  hastened  by  addition  of  per- 
hydrol.  Instead,  there  may  be  used  about  0.4  gram  of  a  mixture  made  by 
grinding  together  25  grams  of  potassium  sulfate  and  1  gram  of  selenium;  if 
desired  2  grams  of  mercuric  oxide  may  be  included. 

d  The  proper  duration  of  the  “afterboil”  is  disputed.  In  general  it  is  prob¬ 
ably  unsafe  to  heat  only  to  clearing  of  the  acid  mixture,  as  has  several  times 
been  recommended.  For  certain  more  refractory  nitrogen  compounds — 
e.  g.,  derivatives  of  quinoline,  carbazole,  quinazoline,  quinoxaline,  and  sub¬ 
stances  such  as  sultams,  casein,  etc. — the  afterboil  suggested  in  the  table 
must  be  considerably  extended. 

e  Includes  water  used  to  wash  the  diluted  acid  into  distilling  vessel. 

/  It  is  probably  better  practice  to  collect  a  definite  volume  of  distillate  than 
to  distill  for  a  definite  time  (I,  5). 


Semimi  croprocedure 

The  semimicro-Kjeldahl  method  as  used  in  this  laboratory 
is  conducted  in  all  important  respects  like  the  macroprocedure, 
with  suitable  decreases  in  size  of  apparatus,  quantities  of 
reagents,  etc.  The  results  obtained  during  a  number  of 
years  appear  to  be  quite  as  satisfactory  as  those  obtainable 
by  the  macroprocedure.  Details  of  the  semimicroprocedure 
may  be  omitted,  but  essential  quantities,  etc.,  are  given  in 
Table  II,  and  some  test  results  are  listed  in  Table  I. 
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Microapparatus  for  Fractional  Recrystallization 

LYMAN  C.  CRAIG,  Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y. 


FOR  the  purification  and  separation  of  small  amounts  of 
material  by  fractional  crystallization  the  chemist  too 
frequently  searches  for  a  solvent  in  which  the  materials  are 
slightly  soluble,  in  order  that  a  comparatively  large  volume 
of  solvent  may  be  used  in  familiar  apparatus.  A  number  of 
objections  are  at  once  apparent  in  such  a  procedure.  In 
the  first  place,  extraneous  solid  material  such  as  dust  par¬ 
ticles,  lint,  etc.,  which  are  always  difficult  to  keep  out,  will 
be  proportionately  present  in  many  times  the  amount  and 

will  be  collected  along 
with  the  small  amount  of 
precipitate.  Impurities  in¬ 
troduced  with  the  solvent 
itself  will  be  also  propor¬ 
tionately  larger  and  spe¬ 
cial  precautions  as  to  the 
purity  of  the  solvent  must 
be  taken.  Finally,  the  re¬ 
crystallization  may  corre¬ 
spond  more  nearly  to  a 
precipitation  in  which  the 
desired  purification  is  not 
achieved.  Recrystalliza¬ 
tion  of  small  quantities  of 
material  from  concen¬ 
trated  solution  requires 
the  manipulation  of  corre¬ 
spondingly  small  volumes 
of  liquid.  This  is  easily 
accomplished  when  suit¬ 
able  centrifuge  filtration 
technique  is  used. 

A  customary  practice  is 
to  add  varying  amounts  of 
a  second  solvent  to  reduce 
the  solubility  and  thus 
cause  crystallization. 
Once  crystallization  has 
set  in,  the  proportions  of 
the  solvents  are  not  known  unless  measured  volumes  have  been 
used  and  no  concentration  is  resorted  to.  However,  it  is  fre¬ 
quently  desirable  to  reduce  the  volume  by  evaporation  or  dis¬ 
tillation.  In  such  case,  the  correct  wash  solution  is  not  exactly 
known,  and  the  mixture  employed  often  either  dissolves  more 
of  the  crystalline  material  than  is  necessary  or  precipitates 
sticky  material  on  the  crystals.  The  centrifuge  filtration  ap¬ 
paratus  is  free  from  this  objection,  since  practically  no  mother 
liquor  adheres  to  the  crystals  and  washing  is  not  necessary. 

Most  of  the  disadvantages  of  filtration  by  suction  have  been 
pointed  out  by  Skau  (3),  who  devised  a  suitable  centrifuge 
filtration  apparatus  and  enumerated  the  advantages  of  such 
a  technique.  The  advantages  are  much  more  apparent  with 
small  volumes,  until  a  point  is  reached  when  clear-cut  filtra¬ 
tion  by  suction  can  no  longer  be  accomplished.  In  order  to 
carry  on  from  this  point  the  technique  of  recrystallization 
from  melting  point  tubing  was  devised  by  Emich  and  Haus- 
ler  (1). 

This  paper  describes  a  few  simple  pieces  of  apparatus  suit¬ 
able  for  use  in  this  connection  which  will  not  necessarily  re¬ 
quire  the  services  of  an  expert  glass  blower  to  construct. 

Nearly  always  at  the  outset  of  purification  by  recrystalliza¬ 
tion  and  always  just  before  the  final  recrystallization  previous 
to  analysis  it  is  desirable  to  filter  a  solution  of  the  material 


in  order  to  remove  lint  and  other  solid  impurities.  For  this 
purpose  some  form  of  the  filter  stick  is  most  useful.  The  one 
shown  in  Figure  1  is  easily  constructed. 


A  is  a  straight  glass  tube  approximately  2  mm.  in  diameter  and 
long  enough  to  reach  to  the  bottom  of  any  test  tube.  Its  lower 
end  is  broadened  out  to  a  diameter  of  3  or  4  mm.  and  ground 
absolutely  flat,  so  that  the  small  filter  paper,  B,  will  be  properly 
seated  on  it.  C  is  a  glass  ring  of  the  same  diameter  as  the  filter 
paper  and  a  depth  of  approximately  1  mm.  The  surface  of  C 
which  is  next  to  the  filter  paper  is  also  ground  flat  in  order  to  hold 
the  filter  paper  evenly  against  the  opposite  ground  surface.  C 
is  pressed  firmly  in  place  by  a  wire  loop,  D,  which  is  in  turn  held 
in  place  by  the  rubber  band,  E.  D  is  made  from  either  platinum 
or  Nichrome  wire. 

The  upper  end  of  A  is  bent  in  the  shape  represented,  so  that  it 
leads  directly  into  the  crystallizing  vessel,  H.  The  mouth  of  H 
is  not  necessarily  ground,  but  is  smooth  and  even,  so  that  when 
suction  is  applied  at  F  it  will  fit  tightly  against  the  flat  under¬ 
surface  of  the  rubber  collar,  G.  Thus,  filtration  is  effected  di¬ 
rectly  into  the  crystallizing  vessel,  which  is  a  part  of  the  centri¬ 
fuge  filtration  apparatus  illustrated  in  Figure  2  (left)  for  the 
collection  of  the  solid  crystalline  material.  The  necessary  amount 
of  concentration  can  usually  be  carried  out  in  the  crystallizing 
vessel. 

An  alternative  way  of  constructing  the  end  of  the  filter  stick 
which  holds  the  filter  paper  is  shown  by  I.  Here  a  flat  shoulder 
to  provide  a  resting  place  for  the  filter  paper  is  made  by  enlarging 
the  glass  tubing  with  a  carbon  rod  cut  off  squarely  at  one  end. 
The  enlarged  portion  extends  downward  beyond  the  shoulder 
a  distance  of  approximately  2  mm.  After  the  filter  paper  is  in¬ 
serted  a  wad  of  cotton  is  pressed  snugly  in  below  it  in  order  to 


hold  the  paper  in  place.  . 

An  assembly  for  the  collection  of  crystals  is  shown  in  .figure 
2  (left).  H  is  the  crystallizing  vessel.  A  few  centimeters  from 
its  mouth  a  shallow  shoulder  is  constructed  for  its  support  during 
centrifugation.  This  shoulder  rests  directly  on  a  collar,  A',  made 
from  soft  lead  or  tin,  which  in  turn  rests  on  the  top  rim  of  the 
filter,  L.  The  lower  end  of  L  is  funnel-shaped.  The  narrow  lower 
part  of  L  is  closed  by  a  glass  plug,  M,  of  shape  represented  in  the 
drawing.  The  lower  end  of  the  plug  is  enlarged  by  holding  its  tip 
in  the  flame  after  it  is  inserted  in  the  funnel,  so  that  it  cannot 
fall  back  through  when  the  apparatus  is  inverted.  The  plug, 
M,  is  not  ground  in  and  thus  leaves  sufficient  space  around  it 
through  which  only  unusually  fine  crystals  will  pass.  Ordinarily, 
during  centrifuging  a  few  fine  crystals  will  pass  through  before 

the  larger  crystals  them¬ 
selves  form  a  filter  mat, 
but  this  is  unimportant, 
since  nearly  always  some 
of  this  material  is  dis¬ 
solved  in  the  mother 
liquor.  For  fine  crystals, 
filter  L  can  be  replaced 
by  a  sintered  filter  of 
the  proper  size  (2).  L 
rests  on  a  collar  of  soft 
lead  or  tin,  N,  which  in 
turn  is  supported  by  the 
shoulder,  0.  0  is  easily 
formed  by  heating  the 
test  tube  which  forms 
the  outside  of  the 
assembly,  in  a  narrow 
flame  at  the  point  indi¬ 
cated. 

For  assembly  just  be¬ 
fore  use  the  apparatus 
is  in  the  reverse  posi¬ 
tion  to  that  shown  in 
the  diagram,  so  that  the 
crystallizing  vessel  will 
be  in  an  upright  posi¬ 
tion  and  rest  on  the 
rubber  stopper,  P, 
which  closes  the  as¬ 
sembly.  The  entire  ap¬ 
paratus  can  then  be 
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immersed  in  a  cooling  liquid  at  any  desired  temperature  for  crys¬ 
tallization.  Following  crystallization  the  assembly  is  inverted 
and  quickly  centrifuged. 

When  smaller  amounts  of  material  are  to  be  handled,  the 
simpler  apparatus  shown  on  the  right  of  Figure  2  has  been 
found  more  desirable. 

The  crystallizing  vessel,  Q,  is  a  small-sized  test  tube  6  mm.  or 
less  in  diameter,  with  a  perfectly  symmetrical  opening.  R,  the 
filter  rod,  is  an  ordinary  glass  rod  heated  in  the  flame  until  its 
upper  end  forms  a  symmetrical  round  ball  of  such  size  that  the 
test  tube  will  not  be  able  to  slip  over  it.  These  two  parts  are 
placed  inside  a  larger  test  tube,  S,  which  is  in  turn  placed  inside 
a  still  larger  test  tube  closed  with  a  rubber  stopper  and  of  such 


size  that  it  fits  the  centrifuge  cup.  The  mouth  of  Q  fits  the  ball 
of  the  filter  rod  well  enough  without  grinding,  so  that  the  passage 
of  any  but  the  finest  crystals  will  be  prevented  during  centri¬ 
fuging.  The  crystalline  material  will  thus  be  caught  at  the 
mouth  of  Q.  After  centrifuging,  Q  and  R  can  be  lifted  out  to¬ 
gether  with  a  narrow  pair  of  curved  forceps  and  the  mother 
liquor  left  in  S.  This  apparatus  has  the  advantage  of  affording 
small  surfaces  without  the  danger  of  fritted  glass  or  shreds  of 
filter  paper. 
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A  New  Oxidation-Reduction  Reaction 
Catalyzed  by  Iodine 

Application  to  the  Detection  of  Iodide 

DAVID  HART  AND  ROBERT  MEYROWITZ,  Brooklyn  College,  Brooklyn,  N.  Y. 


A  new  oxidation-reduction  reaction  cata¬ 
lyzed  by  iodine  is  described,  by  means  of 
which  as  little  as  0.2  microgram  of  iodide  can 
be  detected.  The  effect  of  74  different  anions 
and  cations  has  been  determined.  A  pro¬ 
cedure  for  the  detection  of  0.03  mg.  of  iodide 
per  ml.  of  solution  in  the  presence  of  50  mg. 
of  interfering  anion  or  cation  has  been  de¬ 
veloped. 

The  nitrite-arsenite  reaction  is  catalyzed 
by  other  substances,  but  iodine  is  the  most 
effective  catalyst. 

DURING  the  development  of  new  methods  for  the  sys¬ 
tematic  detection  of  the  halides  without  the  use  of  silver 
ion  as  a  group  reagent,  and  using  lead  and  mercuric  ions  to 
remove  interferences  (4),  a  new  oxidation-reduction  reaction 
catalyzed  by  iodine  was  discovered.  When  nitrite  was  added 
to  a  dilute  nitric  acid  solution  containing  lead  arsenite  in  the 
presence  of  iodide  ion,  a  heavy  precipitate  of  lead  arsenate 
formed;  in  the  absence  of  iodide,  no  precipitate  was  ob¬ 
tained. 

Bailey  ( 1 )  reported  that  “dilute  nitrous  acid  and  arsenious 
acid  react,  either  not  at  all  or  with  extreme  slowness  in  the 
presence  of  highly  dilute  sulphuric  acid  at  ordinary  tempera¬ 
tures”. 

Klemenc  (5)  developed  a  method  for  the  determination  of 
nitrous  and  arsenious  acids  in  the  presence  of  one  another. 
Arsenious  acid  is  titrated  with  iodine  in  the  presence  of  an  excess 
of  sodium  bicarbonate  and  then  both  the  arsenite  and  nitrite 
are  titrated  in  strong  sulfuric  acid  with  potassium  permanganate. 

Shilov  and  Perzner  ( 9 ),  in  their  attempt  to  oxidize  salts  of 
arsenious  acid  by  the  oxygen  of  the  air,  reported  that  neither 
nitrogen  tetroxide  nor  iodine  is  effective  as  a  catalyst.  How¬ 
ever,  they  found  that  a  combination  of  hydrogen  iodide  and 
nitrogen  oxides  as  catalysts  effected  complete  oxidation  of  ar¬ 
senious  acid  by  air. 

Baines  (2)  described  a  method  for  “the  determination  of  small 
quantities  of  iodide  in  mixtures  of  halides  depending  on  the 
pseudo-catalysis  by  iodide  of  the  oxidation  of  thiosulfate  by  ni¬ 
trous  acid”. 


This  new  nitrite-arsenite  reaction  appears  to  be  somewhat 
similar  to  the  ceric-arsenite  reaction  (3,  6,  7)  used  as  a  basis 
for  a  method  of  detecting  and  determining  small  amounts  of 
iodine.  The  ionic  partials  for  the  half  cells  in  this  reaction 
may  be  formulated  as  follows: 

NO  +  2H20  HN02  +  H30+  +  e 
HAs02  T  4H20  *  H3ASO4  -f-  2H30+  T  2c 

Although  the  molal  oxidation  potentials  of  nitrite  and 
arsenite  for  the  above  half  cells  are  —0.99  and  —0.559, 
respectively  (8),  no  evidence  of  any  reaction  between  these 
two  in  acid  medium  was  found  after  a  search  of  the  literature. 
According  to  Swift  (11)  arsenite  can  be  oxidized  to  arsenate 
by  boiling  with  sodium  nitrite  in  a  solution  alkaline  with 
ammonia.  However,  repeated  attempts  by  the  authors  to 
effect  this  oxidation  under  the  conditions  described  by 
Swift  (10)  were  unsuccessful.  Attempts  to  effect  oxidation 
in  acid  medium  were  also  unsuccessful,  except  in  the  presence 
of  catalysts  as  described  below.  The  most  effective  catalyst 
is  iodine.  By  this  new  nitrite-arsenite  reaction,  as  little  as 
0.2  microgram  of  iodide  (as  potassium  iodide)  can  be  detected, 
using  the  following  procedure  in  which  the  limit  of  concen¬ 
tration  is  1  part  per  500,000. 

Treat  2  drops  of  1  M  sodium  arsenite  in  a  5-ml.  beaker  with  7 
drops  of  1  M  nitric  acid  and  add  1  drop  of  1  M  lead  nitrate. 
Mix  thoroughly  and  add  the  iodide  (0.1  ml.).  Now  add  1  drop 
of  6  M  sodium  nitrite  and  let  stand  for  5  minutes,  stirring  oc¬ 
casionally.  Add  another  drop  of  6  M  sodium  nitrite  and  allow 
to  stand  for  10  minutes  with  occasional  stirring.  A  white  pre¬ 
cipitate  shows  the  presence  of  iodide.  When  less  than  0.5  micro¬ 
gram  of  iodide  is  present,  it  is  necessary  to  run  a  control  without 
iodide,  for  on  long  standing  a  slight  precipitate  forms.  However, 
this  precipitate  is  exceedingly  small  when  compared  to  that  which 
is  obtained  when  0.2  microgram  of  iodide  is  present. 

Applying  this  reaction  on  a  macro  scale,  it  was  found 
necessary  to  modify  the  procedure  as  follows: 

In  a  test  tube  treat  1  ml.  of  solution  containing  the  iodide 
with  1  ml.  of  1  M  lead  nitrate.  Add  1  ml.  of  6  M  nitric  acid, 
1  ml.  of  1  M  sodium  arsenite,  and  shake  thoroughly.  Then  add 
0.5  ml.  of  6  M  sodium  nitrite,  let  stand  for  1  minute,  add  another 
0.5  ml.  of  nitrite,  and  let  stand  for  3  minutes.  The  formation 
of  a  heavy  white  crystalline  precipitate  shows  the  presence  of 
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iodide.  To  ascertain  the  chemical  composition  of  this  precipi¬ 
tate,  the  lead  was  determined  as  lead  sulfate.  The  percentage  of 
lead  was  found  to  be  the  same  as  in  PbHAsO<.  This  procedure  is 
capable  of  detecting  0.004  mg.  or  4  micrograms  of  iodide. 

Free  iodine  in  aqueous  solution  also  catalyzes  this  reaction. 

Although  the  above  procedures  involving  the  formation  of 
a  white  precipitate  of  lead  arsenate  are  accurate  and  effective, 
it  was  deemed  advisable  to  devise  a  procedure  in  which  a 
characteristic  colored  precipitate  for  arsenate  was  obtained. 
Consequently,  the  following  method  involving  the  formation 
of  silver  arsenate  was  developed. 

Treat  1  ml.  of  solution  containing  the  iodide  in  a  test  tube  with 
1  ml.  of  water  and  1  ml.  of  6  M  nitric  acid.  Add  1  ml.  of  1  M 
sodium  arsenite  and  mix  thoroughly.  Now  add  1  ml.  of  6  M 
sodium  nitrite  in  0.5-ml.  portions  at  1-minute  intervals  and  after 
3  minutes  render  the  solution  alkaline  to  litmus  by  the  dropwise 
addition  of  3  M  sodium  carbonate.  Add  1  ml.  of  0.5  M  silver 
nitrate;  the  formation  of  a  red-brown  precipitate  proves  the 
presence  of  iodide.  The  lower  limit  of  identification  of  this  pro¬ 
cedure  is  0.01  mg.  or  10  micrograms  of  iodide.  This  procedure 
may  be  modified  by  substituting  2  ml.  of  1.5  M  sulfuric  acid  for 
1  ml.  of  water  and  1  ml.  of  6  M  nitric  acid. 

Effect  of  Other  Anions  and  Cations 

The  effect  of  other  anions  and  cations  upon  the  arsenite- 
nitrite  reaction  was  determined  by  means  of  the  following 
procedure : 

Treat  1  ml.  of  solution  containing  0.03  mg.  of  iodide  in  a  15- 
ml.  centrifuge  tube  with  1  ml.  of  solution  containing  50  mg.  of 
anion  or  cation.  Acidify  the  solution  with  3  M  nitric  acid,  add 
1  ml.  of  M  lead  nitrate,  and  remove  by  centrifuging  any  pre¬ 
cipitate  that  forms.  Transfer  the  supernatant  liquid  to  another 
centrifuge  tube,  add  1  ml.  of  6  M  nitric  acid  and  1  ml.  of  1  M 
sodium  arsenite,  and  thoroughly  mix  the  solution.  If  any  pre¬ 
cipitate  forms,  remove  it  by  centrifuging.  To  the  supernatant 
liquid  add  0.5  ml.  of  6  M  sodium  nitrite.  Let  stand  for  1  minute, 
add  another  0.5  ml.  of  nitrite,  and  let  stand  for  3  minutes.  The 
formation  of  a  heavy  white  crystalline  precipitate  indicates  the 
presence  of  iodide. 

The  following  anions  and  cations  cause  no  interference: 
bromide,  chloride,  ferricyanide,  ferrocyanide,  sulfite,  oxalate, 
tartrate,  phosphate,  borate,  sulfate,  arsenate,  chromate,  per¬ 
chlorate,  cobalt,  cadmium,  manganese,  nickel,  magnesium, 
barium,  strontium,  zinc,  calcium,  tungsten,  zirconium,  uran¬ 
ium,  bismuth,  potassium,  copper,  ammonium,  aluminum, 
lanthanum,  erbium,  antimony,  rubidium,  cesium,  platinum, 
osmium,  thorium,  rhodium,  tellurium,  vanadium,  titanium, 
cerium  (ous  and  ic),  selenium  (ous  and  ic),  molybdenum, 
lithium,  yttrium,  and  praseodymium. 

In  the  presence  of  any  of  the  following  ions;  thiocyanate, 
tin  (ous  and  ic),  chlorate,  permanganate,  iodate,  bromate, 
ferrous,  periodate,  thiosulfate,  gold,  vanadium,  and  hydro¬ 
gen  peroxide,  a  precipitate  is  obtained  even  though  iodide  is 
absent.  A  gelatinous  precipitate  is  obtained  in  the  presence 
of  stannous  or  stannic  tin.  With  gold  a  chocolate-brown  pre¬ 
cipitate  forms  and  with  vanadium  a  yellow  one.  In  the 
presence  of  iodide,  stannous  and  stannic  tin  and  gold  yield 
the  same  type  of  precipitate  as  was  mentioned  above.  With 
vanadium,  however,  the  precipitate  is  white  and  crystalline 
as  usual.  When  thiocyanate  or  thiosulfate  are  present  to¬ 
gether  with  iodide,  the  precipitate  is  not  so  heavy  as  is  ordi¬ 
narily  obtained. 

The  least  amount  of  hydrogen  peroxide  that  will  catalyze 
this  reaction  is  about  21  mg.  or  0.7  ml.  of  3  per  cent  hydrogen 
peroxide.  The  lower  limit,  of  iodate  and  periodate  is  200  and 
300  micrograms,  respectively. 

With  cyanide,  sulfide,  chromic,  silver,  fluoride,  persulfate, 
mercury  (ous  and  ic),  ferric,  beryllium,  iridium,  and  ruthe¬ 
nium  ions,  no  precipitate  is  obtained  in  either  the  presence  or 
absence  of  iodide. 

With  stannous  and  stannic,  ferrous  and  ferric,  mercurous 
and  mercuric,  and  chromic  ions,  the  procedure  was  applied  to 


a  sodium  carbonate  extract  prepared  by  boiling  the  sample 
with  1.5  M  sodium  carbonate.  Where  iron  or  chromium  was 
present,  50  mg.  of  tartrate  were  added.  Positive  results  were 
obtained  when  iodide  was  present  and  negative  results  when 
iodide  was  absent  with  stannic,  ferric  and  ferrous  (gelatinous 
precipitate),  and  chromium.  With  stannous  ion  a  gelatinous 
precipitate  formed  in  the  absence  of  iodide,  but  with  iodide 
the  precipitate  was  white  and  crystalline.  Mercury  con¬ 
tinued  to  inhibit  the  reaction  under  these  conditions. 

The  interferences  caused  by  fluoride,  beryllium,  thio¬ 
cyanate,  cyanide,  sulfide,  thiosulfate,  chlorate,  and  bromate 
ions  are  removed  by  methods  described  below. 


Procedure 

On  the  basis  of  these  experiments  the  authors  have  de¬ 
veloped  a  procedure  which  is  capable  of  detecting  0.03  mg. 
of  iodide  in  1  ml.  of  solution  in  the  presence  of  50  mg.  of 
interfering  anion  or  cation.  This  procedure  does  not  apply 
in  the  presence  of  mercury,  silver,  iodate,  periodate,  hydrogen 
peroxide,  permanganate,  persulfate,  gold,  iridium,  and 
ruthenium. 


Treat  1  ml.  of  prepared  sodium  carbonate  extract  in  a  15- 
ml.  centrifuge  tube  with  3  M  nitric  acid  until  no  more  carbon 
dioxide  bubbles  are  given  off.  Remove  any  precipitate  that 
forms,  add  1  ml.  of  1  M  lead  nitrate,  and  centrifuge.  To  the 
supernatant  liquid  add  1  ml.  of  6  M  nitric  acid  and  1  ml.  of  1  M 
sodium  arsenite.  Remove  any  precipitate  that  forms,  add  0.5 
ml.  of  6  M  sodium  nitrite,  and  let  stand  for  1  minute.  Add 
another  0.5  ml.  of  nitrite  and  let  stand  3  minutes.  A  heavy 
white  crystalline  precipitate  proves  the  presence  of  iodide. 

Notes.  If  fluoride  is  present  add  3  ml.  instead  of  1  ml.  of  1  M 
lead  nitrate. 

If  beryllium  is  present  add  1  ml.  of  6  M  sodium  nitrite  1  min¬ 
ute  after  the  addition  of  the  second  0.5  ml.  of  nitrite  and  let  stand 


3  minutes. 

If  ferrous  ion  is  present  the  precipitate  although  heavy  will  be 
gelatinous. 

In  the  presence  of  thiocyanate  1  ml.  of  0.3  M  ferric  nitrate 
must  be  added  before  the  addition  of  1  ml.  of  6  M  nitric  acid. 

If  cyanide  and  sulfide  are  present  treat  1  ml.  of  prepared  solu¬ 
tion  in  a  50-ml.  beaker  with  6  M  acetic  acid  until  no  more  carbon 
dioxide  bubbles  are  given  off.  Add  0.5  ml.  in  excess  and  dilute 
to  6  ml.  Evaporate  over  a  small  flame  to  2  ml.,  cool,  and  apply 
procedure. 

Use  6  M  acetic  acid  instead  of  3  M  nitric  acid  if  thiosulfate  is 


present. 

If  chlorate  and  bromate  are  present,  add  1  ml.  of  6  M  sodium 
nitrite  before  adding  the  arsenite  and  then  add  the  nitrite  in 
0.5-ml.  portions  as  usual. 
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Correction 

In  the  article  entitled  “Removal  of  Static  Charges  from  Glass¬ 
ware  by  Ultraviolet  Light”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  12, 
693  (1940)],  the  temperature  in  Table  I  was  erroneously  given  as 
°  C.  whereas  it  should  have  been  °  F. 

Clement  J.  Rodden 


Gasometer  for  Micro-Dumas  Determinations 

JOSEPH  G.  SANDZA  AND  JOSEPH  F.  ALICINO,  Fordham  University,  New  York,  N.  Y. 


THE  use  of  a  gasometer  in  the  micro-Dumas  determina¬ 
tion  for  standardizing  the  blank  and  enabling  the  analyst 
to  establish  more  accurately  the  end  of  the  determination 
has  been  introduced  by  Niederl  and  co-workers  (3,  4).  Mer¬ 
cury  is  utilized  as  the  confining  liquid.  In  this  laboratory 
(I)  carbon  dioxide  is  supplied  by  a  system  in  which  the  gas 
is  stored  over  water.  It  was  thought  that  a  measuring  ap¬ 
paratus  employing  the  same  confining  liquid  would  be  more 
satisfactory. 

Such  an  apparatus  is  described  below.  It  has  the  added 
advantage  of  being  always  under  carbon  dioxide  pressure  of 
the  main  gas  supply.  Once  set,  the  gasometer  is  always  ready 
to  deliver  a  measured  volume  of  carbon  dioxide,  since  one 
chamber  is  automatically  filled  at  all  times. 

Description  of  Apparatus 

The  apparatus  is  constructed  of  two  32  X  200  mm.  test  tubes, 
two  three-way,  120°,  elbow-bore  stopcocks  ( C  and  D),  a  piece 
of  glass  tubing,  and  two  three-hole  rubber  stoppers,  as  shown  in 
Figure  1.  The  lower  test  tube  is  filled  about  three-fourths  full 
with  boiled  water,  the  apparatus  is  assembled,  and  the  stoppers 
are  lacquered. 


Method  of  Procedure 

Air  is  flushed  from  the  system  by  allowing  carbon  dioxide  to 
flow  through  the  apparatus  with  the  stopcocks  first  in  positions 
1  and  2,  then  in  positions  3  and  4.  Flushing  can  also  be  accom¬ 
plished  by  alternately  filling  and  emptying  each  chamber  as  in 
actual  operation.  Once  flushed  adequately,  the  apparatus  need 
not  be  flushed  again. 

As  shown  in  the  figure,  the  upper  tube  is  ready  to  deliver  the 
measured  volume  of  gas.  With  the  stopcocks  in  positions  1  and 
3,  gas  is  permitted  to  flow  from  the  carbon  dioxide  supply,  forc¬ 
ing  the  water  in  the  lower  tube  from  level  A  to  level  B.  There  is 
a  corresponding  movement  of  the  water  in  the  upper  tube  from 
B'  to  A',  displacing  the  measured  volume  of  gas.  The  distance 
AB  is  marked  on  either  the  upper  or  lower  tube  (or  both),  and 
represents  the  desired  amount  of  gas  (ca.  50  ml.). 

The  next  measured  volume  of  gas  is  taken  from  the  lower  tube 
(which  has  become  charged  during  the  emptying  of  the  upper 
tube)  by  turning  the  stopcocks  to  positions  2  and  4.  During  this 
operation  the  upper  tube  has  become  charged.  An  intermediate 
position  of  either  stopcock  serves  to  stop  the  flow  of  gas  com¬ 
pletely.  In  an  idle  period,  stopcock  C  should  be  closed  to  pre¬ 
vent  diffusion  of  air  into  the  gasometer. 

For  the  complete  standardization  of  the  Dumas  method  it  was 
decided  that  not  only  the  flushing  period  during  the  actual  deter¬ 
mination  should  be  fixed,  but  also  the  initial  flushing  prior  to  com¬ 
bustion.  Since  the  gasometer  is  used  principally  to  avoid  the 
necessity  of  judging  the  size  of  poorly  defined  “microbubbles” 
whose  size  varies  according  to  the  bore  of  the  inlet  tube  of  the 
azotometer  (5),  we  should  depend  on  it  also  for  the  initial  flushing. 

After  the  introduction  of  the  sample,  1.5  measures  of  gas  (75 
ml.)  are  sent  through  the  cold  combustion  tube  to  discharge  the 
air.  The  tube  is  heated  for  2  minutes  while  part  of  the  remain¬ 
ing  half  measure  is  slowly  passing  into  the  azotometer.  Excess 
carbon  dioxide  from  this  half  measure  is  discharged  into  the 
atmosphere,  except  for  the  last  few  milliliters,  which  are  sent 
into  the  azotometer.  Stopcock  C  is  closed  (by  turning  to  an 
intermediate  position),  the  azotometer  is  refilled,  and  the  com¬ 
bustion  is  started. 

In  this  manner  the  error  is  incorporated  entirely  in  the  blank. 


Table  I.  Absolute  Blank  Determinations 


Observed 

Calculated 

Difference  —0.8% 

ADsoiute 

Blank 

Hippuric  acid 

0.583 

0.563 

0.020  -  0.005 

0.015 

0.522 

0.505 

0.017  -  0.004 

0.013 

0.488 

0.470 

0.018  -  0.004 

0.014 

0.418 

0.400 

0.018  -  0.003 

0.015 

Acetanilide 

0.776 

0.755 

0.021  -  0.006 

0.015 

0.542 

0.524 

0.018  -  0.004 

0.014 

0.431 

0.403 

0.018  -  0.003 

0.015 

0.345 

0.327 

0.018  -  0.003 

Av. 

0.015 

0.0145 

Discussion 

Gas  is  delivered  from  the  measuring  apparatus  at  approxi¬ 
mately  the  same  pressure  as  if  it  were  delivered  directly  from 
the  reservoir. 

Since  the  system  is  completely  closed  to  the  atmosphere, 
water  can  be  used  as  the  confining  liquid.  A  leveling  bulb  is 
therefore  unnecessary,  because  the  gas  is  never  supporting 
more  than  about  60  cm.  (2  feet)  of  water  (in  the  reservoir). 
The  change  in  pressure  during  emptying  of  the  reservoir 


Figure  1.  Diagram  of 
Apparatus 

Numbered  arrows  indicate  posi¬ 
tion  of  elbow  bore  in  stopcock. 


-A' 


.S' 


Reservo/r 


then  causes  a  change  of 
about  3  ml.  in  the  volume  |_h 

of  gas  delivered.  If  the  - M - — A 

apparatus  is  calibrated  for 
the  average  head  of  water 
in  the  reservoir,  the  volume 
delivered  will  vary  only 
±1.5  ml.  This  variation 
does  not  interfere  in  the 
Dumas  determination.  Loss 
of  water  from  the  gasometer 
is  negligible,  since  the  gas 
from  the  reservoir  is  satu¬ 
rated  with  water  at  room 
temperature. 

The  measuring  apparatus  has  been  in  use  in  this  laboratory 
for  the  past  year.  Absolute  blank  determinations,  made  as 
indicated  by  Niederl  ( 2 ),  give  an  average  of  0.014  ±  0.001 
ml.  (five  determinations). 

This  blank  is  confirmed  by  actual  test  runs  on  very  pure 
substances.  After  subtracting  the  corrections  for  vapor  pres¬ 
sure  and  adhesion  of  potassium  hydroxide  (0.8  per  cent,  2),  the 
difference  between  the  observed  and  calculated  volume  of 
nitrogen  represents  the  absolute  blank.  Results  obtained 
from  analysis  of  hippuric  acid  and  acetanilide  are  given  in 
Table  I. 
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Adapting  Polarizing  Microscope  for  Use 

as  a  Polarimeter 

ALEXANDER  MARION,  Queens  College,  Flushing.  N.  Y. 


THE  polarizing  microscope  can  be  adapted  for  use  as  a 
polarimeter  by  the  addition  of  a  simple  analyzer  con¬ 
structed  from  a  few  square  centimeters  of  Polaroid.  The  addi¬ 
tion  of  such  an  analyzer  greatly  increases  the  versatility  of  the 
polarizing  microscope,  which  is  a  more  common  laboratory 
instrument  than  the  polarimeter.  A  primary  advantage  of 
the  microscopic  method  is  the  small  quantity  of  sample  which 
will  suffice  to  fill  the  specimen  tube,  only  150  cu.  mm.  being 
necessary. 

The  analyzing  unit  consists  of  a  metal  frame  which  can  be 
attached  firmly  to  the  graduated  stage  by  means  of  a  knurled 
machine  screw,  ordinarily  used  in  fastening  a  mechanical  or 
Federoff  stage  to  the  instrument.  The  height  of  the  frame  must 
be  selected  so  as  barely  to  clear  the  top  of  the  cell. 

The  two  small  pieces  of  Polaroid  are  located  beneath  a  hole 
drilled  in  the  metal  frame  concentric  with  the  optical  aids  of  the 
microscope.  The  sections  of  Polaroid  are  cut  so  that  their  planes 
of  polarization  include  an  angle  of  approximately  5°  when  the 
segments  are  mounted  in  place  with  a  slight  overlap. 

The  cell  is  essentially  a  length  of  2-mm.  glass  tubing  cemented 
in  a  hard-rubber  rod  and  then  fastened  to  a  microscope  slide  for 
easy  manipulation.  The  height  is  selected  so  that  the  rack  and 
pinion  gears  of  the  microscope  adjustment  are  engaged  and  allow 
focusing,  taking  into  consideration  the  thickness  of  the  cover 
glass  which  is  on  top. 

The  frame  is  bent  from  a  strip  of  aluminum  (2.5  cm.  wide),  so 
that  the  distance  between  the  microscope  stage  and  the  top  of  the 
frame  is  5.25  cm.  This  provides  sufficient  clearance  for  the  cell 
which  is  5.15  cm.  overall  and  has  an  effective  cell  length  of  5.0 
cm.  A  5-mm.  hole  is  bored  in  the  frame  and  the  Polaroid  fastened 
beneath. 


Arrangement  of  Polaroid  Sections 


In  use,  the  microscope  is  focused  upon  the  slightly  overlapping 
intersection  of  the  two  pieces  of  Polaroid.  This  junction  should 
approximately  bisect  the  field  and  when  the  stage  is  rotated  the 
mid-point  of  the  intersection  should  remain  in  the  center  of  the 
field.  Coupled  with  the  manner  of  mounting  of  the  Polaroid, 
this  procedure  gives  a  field  roughly  halved,  in  which  the  in¬ 
tensity  of  the  light  will  be  uniform  only  at  the  zero  point. 

A  magnification  of  X  100  is  sufficient  to  make  the  end  of 
the  tubing  cover  the  entire  field.  Higher  magnification  serves 
no  useful  purpose,  since  it  complicates  the  adjusting  of  the 
microscope  and  does  not  produce  any  refinement  in  procedure. 
Best  results  were  obtained  when  a  compromise  plane  of  focus¬ 
ing  was  selected  midway  between  the  Polaroid  and  the  top 
level  of  the  liquid  in  the  cell.  This  caused  the  junction  of  the 
polarizing  films  to  become  indistinct  but  brought  the  end  of 
the  cell  more  closely  into  focus.  It  is  for  this  reason  that  it  is 
recommended  that  the  metal  frame  be  constructed  to  be  as 
close  as  possible  to  the  top  of  the  cell,  allowing  for  the  cover 
glass,  and  that  the  Polaroid  be  mounted  on  the  underside  of 
the  frame. 


Table  I.  Results  Obtained  with  Apparatus 

Error, 

Calculated  Observed  % 

Dextrose,  25% 

6°  39' 

6°  32' 

1.8 

1.1 

Dextrose,  16.7% 

4°  25' 

4°  22' 

Dextrose,  12.5% 

3°  18' 

3°  1' 

8 . 5 
2.3 

Dextrose,  8.3% 

2°  12' 

2°  15' 

Levulose,  25% 

11°  30' 

11°  48' 

2.6 

Maltose,  25% 

17°  15' 

16°  19' 

5.4 

Maltose,  25% 

17°  15' 

16°  18' 

5 . 4 

Maltose,  12.5% 

8°  38' 

8°  48' 

1 . 9 

Sucrose,  25% 

10°  25' 

CO 

o 

O 

2.9 

The  solution  can  be  made  up  in  a  1-ml.  volumetric  flask  by 
weighing  out  100  to  250  mg.  of  the  solid  on  the  analytical  balance 
and  dissolving  in  sufficient  water  to  make  the  proper  volume.  I  o 
transfer  the  solution,  a  portion  is  sucked  up  in  a  capillary  tube, 
the  tip  of  which  is  then  placed  in  contact  with  the  bottom  of  the 
cell,  and  the  liquid  is  carefully  expelled.  As  the  cell  is  filled,  the 
capillary  is  slowly  withdrawn,  always  keeping  the  tip  below  the 
surface  of  the  liquid.  Advantage  is  taken  of  surface  tension  to 
create  a  hill  of  liquid  above  the  top  of  the  cell.  The  cover  glass 
is  slipped  on  top  and  the  excess  liquid  absorbed  by  a  piece  of 
filter  paper.  This  draws  the  cover  glass  tightly  against  the  top 
of  the  cell  and  also  ensures  the  complete  filling  of  the  ceil.  It  is 
important  to  obtain  the  volume  of  liquid  entirely  free  of  air 
bubbles:  a  suitable  check  is  to  hold  the  cell  directly  at  a  light, 
when  a  translucent  disk  of  fight  free  of  any  dark  spots  will  in¬ 
dicate  complete  filling. 

To  obtain  the  zero  point,  the  cell,  filled  with  distilled  water, 
was  manipulated  until  it  was  in  the  field  of  view  and  the  stage 
rotated  until  both  halves  of  the  field  were  equally  extinct. 
Monochromatic  fight  was  obtained  from  a  sodium  vapor  lamp 
the  intensity  of  this  fight  was  regulated  by  the  substage  ins  until 
the  zero  point  illumination  was  sufficient  to  provide  a  sharp 
zero  point.  A  simplification  in  procedure  resulted  when  the 
zero  point  found  using  the  water  cell  was  identical  to  that  de¬ 
termined  without  any  cell.  This  suggested  the  feasibility  of 
dispensing  with  the  cell  in  locating  the  zero  point.  By  this 
method  the  cell  need  be  filled  only  once  with  the  unknown  solu¬ 
tion,  and  dilution  errors  will  be  minimized. 


Houdry  Laboratories  of  the  Catalytic 
Development  Company 

H.  P.  BROOM,  Catalytic  Development  Company,  Marcus  Hook,  Penna. 


THE  Catalytic  Development  Company,  developer  of  the 
Houdry  process  for  the  catalytic  conversion  of  petroleum 
fractions,  has  recently  completed  a  laboratory  installation  at 
Linwood,  near  Marcus  Hook,  Penna.,  designed  to  provide 
facilities  for  fundamental  physico-chemical  catalytic  investiga¬ 
tions,  including  small-scale  preparation  and  testing  of  experi¬ 
mental  catalysts ;  study  of  catalytic  processes  in  pilot  units 
essentially  dupli eating  commercial  installations,  and  associated 
chemical  engineering  problems ;  and  analytical  and  testing 
laboratories  and  shops.  There  are  one  building  housing  re¬ 
search  and  test  laboratories  and  offices,  a  development  labora¬ 
tory,  a  shop,  and  a  sample  storage  building.  A  knock  test 
laboratory  is  under  construction.  The  plot  of  7  acres  allows 
for  expansion  of  the  research  and  test  laboratory  building, 
duplication  of  the  development  laboratory  building,  and  ex¬ 
tension  of  the  shop  and  sample  storage  facilities.  Particular 
attention  has  been  paid  to  obtaining  ample  window  space  in 
all  buildings.  Total  floor  area  is  approximately  35,630  square 
feet. 

The  entrance  to  the  research  and  test  laboratory  build¬ 
ing  is  emphasized  by  an  aluminum  and  glass  panel  extending 


from  the  ground  to  an  equipment  penthouse  above  the  second 
story.  In  the  entrance  lobby,  which  is  modernly  utilitarian  in 
design,  the  telephone  operator  serves  as  a  receptionist.  In 
the  short  wing  to  the  left  on  the  first  floor  is  a  general  office, 
40  X  25-feet,  for  maintenance  engineer,  purchasing  agent, 
stenographers,  etc.,  which  is  equipped  with  an  acoustic  ceiling. 
To  the  right  are  six  offices  occupied  by  supervisory  engineers 
and  liaison  men  with  other  departments  of  the  company.  The 
right-hand  half  of  the  ground  floor  is  the  test  laboratory  where 
conventional  petroleum  inspections  are  carried  out.  Im¬ 
proved  controlled  reflux  distillation  towers  are  here  installed, 
in  place  of  the  Hempel  type,  for  the  separation  of  gasoline 
from  synthetic  crude  in  quantities  sufficiently  large  for  test¬ 
ing.  Two  of  the  latest  design  Podbielniak  Robot  distillation 
columns  are  part  of  the  test  laboratory  equipment. 

On  the  second  floor  are  offices  for  the  head  of  the  labora¬ 
tories  division  and  of  the  research  department,  and  the  li¬ 
brary,  and  research  laboratories  for  organic  analysis,  inorganic 
analysis,  preparation  of  experimental  catalysts,  routine  testing 
of  experimental  catalysts,  etc.  In  one  room,  assigned  to  dis¬ 
tillation,  are  a  100-plate  column  still  and  several  stills  of  25  to 


Interior  of  Development  Laboratories 

■General  arrangement  of  six  laboratories,  three  on  each  side,  with  large  room  at  far  end.  In  center,  traveling  crane  and  hoist  with  guide 

chain  hanging  down. 
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Development  and  Test  Laboratories 

1.  Entrance  to  building.  2.  Section  of  test 
laboratories,  showing  lamp  sulfur  setup,  door  to 
balance  room,  cork  softener  and  borers,  and  oven. 
Enclosed  flash  and  fire  room  behind  oven.  d. 
One  of  smaller  research  laboratories.  4.  Re¬ 
search  laboratory,  showing  man  at  pan  dryer, 
high-temperature  electric  furnace,  rack  tor  tit¬ 
tering  and  mixing,  and  small  ball  mill.  5.  Ue- 
velopment  laboratory.  Control  panel  (back 
view)  at  extreme  left,  pilot  umt  with  operator, 
ventilating  equipment  above  office  door  b. 
Shop  in  research  laboratory.  Hoses  of  glass 
blower  on  left.  Man  operating  small  drill  press. 
Small  lathe  in  center,  finished  glassware,  tool 
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30  plates,  all  with  controllable  variable  reflux. 

There  are  also  a  small  storeroom  and  a  shop  for 
glass  blowing  and  small-scale  machine  work. 

In  one  of  the  laboratories  a  hole  in  the  floor 
leads  to  an  open  spot  in  the  test  laboratory 
which  has  already  been  used  for  packing  of  tall 
distillation  columns. 

In  the  basement  are  85  lockers,  a  shower 
room  with  6  showers,  a  complete  washroom, 
and  a  recreation,  smoking,  and  lunch  room. 

In  a  room  at  one  end  is  machinery  for  the  ex¬ 
perimental  production  of  small  batches  of 
catalyst.  A  storeroom,  glassware  laundry, 
print  machine,  and  utilities  service  room  are 
along  one  side.  The  first  floor  is  well  above 
ground  level,  allowing  plenty  of  light  to  enter 
the  basement.  A  stair  well  is  located  near  each 
end  of  the  building;  in  one  is  a  dumb  waiter 
for  moving  heavy  cylinders  and  other  equip¬ 
ment  from  the  basement  to  the  test  or  research 
laboratory  floors. 

The  entire  building  is  ventilated  by  forced 
draft.  Recirculated  and  fresh  air  is  filtered 
and  sent  to  the  offices;  it  may  be  cooled  by  the 
installation  of  a  simple  refrigeration  unit. 

Fresh  air  is  blown  into  all  the  laboratories 
and  exhausted  through  the  hoods  to  the  out¬ 
side.  Flake  ice  is  produced  by  a  1-ton-per-day 
refrigeration  machine  in  the  test  laboratory 
and  distributed  to  the  other  laboratories  in 
insulated  boxes  as  needed.  Distilled  water  is 
prepared  in  a  still  in  the  penthouse  above  the 
second  floor  and  piped  to  the  analytical  labora¬ 
tories.  Small  carbon  dioxide  fire  extinguishers 
are  in  each  laboratory  and  larger  ones  are  in  the 
halls.  Emergency  showers  are  placed  by  the  door  of  each  labo¬ 
ratory  and  fire  blankets  are  hung  on  the  walls.  A  steel  balcony 
runs  around  the  outside  of  the  second  floor,  providing  a  means 
of  escape  in  case  of  fire  in  one  of  the  laboratories  between  a 
man  and  the  door.  All  laboratory  doors  open  out  to  the  halls. 

The  development  laboratory  is  of  industrial  type  construc¬ 
tion  with  a  flat  roof  21  feet  high.  It  is  divided  by  walls  8  feet 
high  into  six  sections  35  X  22  feet,  each  housing  two  or  three 
pilot  units,  and  one  larger  section  50  X  35  f«et  for  larger 
scale  chemical  engineering  equipment.  An  office  connecting 
with  each  development  laboratory  provides  desk  space  for 
two  development  division  engineers.  The  pilot  units  are 
all  steel,  operate  at  commercial  cracking  temperatures  and 
pressures,  and  have  throughputs  ranging  from  1  to  20  gallons 
per  hour.  A  table  and  sink  in  each  laboratory  provide  a 
place  for  record  notebooks,  weighing  and  measuring  charge 
and  products,  etc.  Room  is  left  behind  all  pilot  units  for 
making  repairs  easily.  Control  panel  boards  are  an  inte¬ 
gral  part  of  each  unit  with  switches  mounted  for  electrical 
heat  control  as  well  as  temperature  and  pressure  recorders  and 
indicators. 

No  container  of  oil  over  5  gallons’  capacity  is  permitted  in¬ 
side  the  laboratory;  a  porch  runs  along  each  side  of  the  build¬ 
ing  to  cover  drums  and  larger  auxiliary  equipment  from  which 
oil  can  be  pumped  to  the  pilot  units.  In  the  roof  over  the 
large  room  are  four  panels  4  X  5.5  feet  to  permit  running 
towers  or  other  tall  equipment  up  through  the  roof.  A  truck 
can  be  backed  into  this  room  and  a  2-ton  crane  can  pick  up 
equipment  from  the  truck  and  deliver  it  to  any  spot  in  the 
laboratory.  There  are  18  feet  of  headroom  under  the  crane. 

Ventilating  and  heating  are  by  16  blowers  spaced  around 
the  walls  of  the  laboratory.  Air  is  exhausted  by  8  fans  in  the 
roof  and  by  16  outlets  to  a  duct  in  the  floor.  In  this  way 
the  accumulation  of  hazardous  heavy  vapors  is  avoided 


and  hot  air  rising  to  the  roof  is  removed.  At  one  end  of  the 
development  laboratory  is  a  hot  room  where,  by  use  of  a  cabi¬ 
netlike  arrangement,  drums  of  heavy  oil  are  kept  at  150°  F. 
while  the  rest  of  the  room  is  not  uncomfortably  warm.  Across 
from  the  hot  room  light  oil  samples  are  kept  at  50°  F.  by  a 
unit  which  also  provides  50°  F.  cold  water  around  the  labora¬ 
tory  for  uniform  condensing  conditions.  All  the  develop¬ 
ment  laboratory  equipment  is  electrically  heated,  and  4000 
amperes  at  110  volts  are  distributed  through  a  copper  bar 
“Buss-Wa”  system  which  may  be  tapped  at  any  point 
around  the  laboratory.  A  central  vacuum  system  operated 
by  a  steam  jet  gives  a  dependable  vacuum  equal  to  the  best 
that  can  be  obtained  in  normal  commercial  installations. 
No  house  vacuum  is  supplied  in  the  research  laboratory,  it 
being  felt  that  better  results  could  be  obtained  by  individual 
pumps. 

The  knock  test  laboratory  will  house  two  convertible 
C.  F.  R.  engines  to  run  either  A.  S.  T.  M.  or  ’39  research 
method  octane  tests.  An  AFD-1C  aviation  test  engine  will 
also  be  installed  and  humidity-regulated  air  will  be  supplied. 

The  shop  is  well  equipped  to  produce  most  of  the  apparatus 
needed  for  either  the  research  or  development  laboratory. 
Machine  tools  and  welding  equipment  are  allotted  about  equal 
space.  The  shop  also  houses  locker  room  and  lavatory  for  the 
mechanical  force,  an  instrument  shop,  storeroom,  fire  equip¬ 
ment,  garage,  electrical  metering  equipment,  and  air  com¬ 
pressors.  Steam  is  obtained  at  450  pounds  pressure  from 
the  Sun  Oil  Co.  near  by  and  a  reducing  valve  for  the  steam 
supply  is  also  in  the  shop. 

The  storage  building  is  of  Transite  and  is  designed  to  store 
oil,  catalyst,  and  miscellaneous  samples.  An  adjacent  roofed 
section  provides  storage  for  quantities  of  light  oil  drums,  while 
heavy  oil  drums  are  stored  in  an  adjoining  uncovered  area. 
An  oil  separator  is  provided  for  surface  sewage. 
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E.  K.  Jaycox .  260 

of  Iron  for  Spectrochemical  Analysis.  Morris  Slavin .  131 

for  Spectrographic  Qualitative  Analysis,  with  Graphite  Elec¬ 
trodes.  W.  C.  Pierce,  O.  R.  Torres,  and  W.  W.  Marshall .  41 

Aromatics  Detected  in  Air  by  Micromethod.  G.  R.  Gilbert  and  R.  E. 

Tannich.  (Correspondence,  767) .  433 

Arsenic 

Estimation  in  Copper.  Bartholow  Park .  97 

Microdetermination  in  Biological  Materials  by  Colorimetric 

Method.  A.  L.  Chaney  and  H.  J.  Magnuson . . .  .  691 

Microdetermination  by  Cerimetric  Method  after  Reduction  with 

Hypophosphite.  I.  M.  Kolthoff  and  Elias  Amdur. .  177 

Asbestos  for  Filtering  Mats,  Preparation  of.  B.  L.  Kaspin .  517 

Ash  Microdetermination  in  Organic  Compounds  by  Technique  with 
Automatic  Combustion.  A.  R.  Norton,  G.  L.  Royer,  and  R. 

Koegel .  121 

Asphalt  Gloss- and  Stain  Meter.  A.  P.  Anderson  and  T.  E.  Reamer.  .  423 

Asphaltic  Liquid  Products,  Kinematic  Viscometer  for.  A.  P.  Ander¬ 
son,  K.  A.  Wright,  and  R.  L.  Griffin . .•  •  • ; .  466 

Aspirating  Unit  for  Collecting  Air  Samples.  Leslie  Silverman  and 

W.  B.  Wardlow .  682 

Aspirator  Pump,  Portable.  R.  C.  Hockett .  539 
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Barium,  Identification  Limits  of  Simple  Confirmatory  Test  for.  A.  A. 

Benedetti-Pichler  and  J.  R.  Rachele .  233 

Base-Exchange  Capacity  of  Soils  and  Other  Materials  Determined  by 

Colorimetric  Manganese  Method.  C.  A.  Bower  and  Emil  Truog. .  .  411 

Benzene  Microanalysis  in  Gases.  F.  E.  Blacet,  A.  L.  Sellers,  and  W. 

J.  Blaedel.. .  356 

a-Benzoin  Oxime  for  Copper  Determination  in  Ferromolybdenum, 

Calcium  Molybdate,  etc.  Louis  Silverman .  343 

Beryllium  Determination  in  Silicates.  E.  B.  Sandell .  674 

Beryllium  Microdetermination  with  Morin.  E.  B.  Sandell .  762 

Biological  Material 

Arsenic  Microdetermination  in,  by  Colorimetric  Method.  A.  L. 

Chaney  and  H.  J.  Magnuson .  691 

Nitrogen  Fixation  by,  Direct  Estimation  of.  Charles  Hurwitz  and 

P.  W.  Wilson .  31 

Sodium  Microdetermination  in  Fluids.  M.  C.  Darnell,  Jr.,  and 

B.  S.  Walker .  242 

(See  also  kind  of  biological  material.) 

Bismuth  Precipitation  with  Salicylaldoxime.  J.  F.  Flagg  and  N.  H. 

Furman .  663 

Blood 

Iodine  Microdetermination  in,  by  Improved  Method.  A.  L. 

Chaney .  179 

Lactic  Acid  Microdetermination  in.  Samuel  Elgart  and  J.  S. 

Harris .  758 

Lead  Determination  in,  by  Colorimetric  Diphenylcarbazide 

Method.  T.  V.  Letonoff  and  J.  G.  Reinhold .  280 

Boiler  Scale.  See  Water. 

Bomb  for  Chlorine  Microdetermination  in  Organic  Compounds  by 

Lime-Fusion  Method.  W.  M.  MacNevin  and  W.  H.  Baxley .  299 

Bomb.  Phosphorus  Determination  in  Linseed  Oil  by  Oxygen  Bomb. 

G.  T.  Piercy,  E.  K.  Plant,  and  M.  C.  Rogers .  165 

Boric  Acid,  Ammonia  Titration  in  Presence  of,  in  Macro-,  Semimicro-, 

and  Micro-Kjeldahl  Procedures.  E.  C.  Wagner .  771 

Boron  Determination  in  Plant  Material.  Ignition-Electrometric 

Titration  Method.  L.  V.  Wilcox .  341 

Brass  Plating  Solutions,  Sodium  Cyanide  Analysis  in.  W.  M. 

McNabb  and  Samuel  Heiman .  161 

Bread,  Iron  Content  of  Bread  Ingredients  and.  Charles  Hoffman, 

T.  R.  Schweitzer,  and  Gaston  Dalby .  454 

Bromide  Detection  by  Systematic  Method.  David  Hart  and  Robert 

Meyrowitz .  318 

Bromine,  Unsaturation  in  Aliphatic  Hydrocarbon  Mixtures  Deter¬ 
mined  by  Absorption  with.  J.  B.  Lewis  and  R.  B.  Bradstreet .  387 

Buchner  Funnel.  See  Funnel. 

Buret  of  Weight  Type,  Locknut  for.  Martin  Kilpatrick .  548 

Butane  Hydrocarbons,  Critical  Solution  Temperatures  and  Aniline 

Points  of.  C.  G.  Ludeman .  446 

c 

Cadmium  Separated  from  Zinc  by  Granular  Aluminum.  F.  E.  Town¬ 
send  and  G.  N.  Cade,  Jr .  163 

Calcium  Submicroestimation  by  Quantitative  Method.  A.  E.  Sobel 

and  I.  A.  Kaye.  (Correction,  311) . .  118 

Calcium  Molybdate,  Copper  Determination  in,  by  a-Benzoin  Oxime. 

Louis  Silverman . 343 

Calcium  Phosphate,  Di-,  as  Adsorbent  in  Carotene  Determination  in 

Plant  Material.  L.  A.  Moore . 726 

Carbanilic  Acid  Esters,  Alcohol  Identification  by  Optical  Properties 

of.  B.  T.  Dewey  and  N.  F.  Witt .  459 

Carbohydrates,  Carotene  Determination  Affected  by.  E.  J.  Lease 

and  J.  H.  Mitchell .  337 

Carbon  Microdetermination 

with  Abrahamczik  Absorption  Tubes.  R.  O.  Clark  and  G.  H.  Still- 


by  Combustion.  Modified  Method.  G.  L.  Royer,  A.  R.  Norton, 

and  O.  E.  Sundberg . 688 

in  Organic  Compounds  by  Wet  Method.  E.  F.  Degering  and  T.  Z. 

Ball .  124 

in  Organic  Materials.  B.  E.  Christensen,  Robert  Wong,  and  J.  F. 

Facer .  364 

Semi-,  in  Aliphatic  and  Cyclic  Compounds  by  Gas-Volumetric 

Method.  E.  Berl  and  W.  Koerber . 245 

Semi-,  in  Organic  Compounds,  Apparatus  for.  Carl  Niemann  and 

Vance  Danford . 563 

Carbon  Blacks  for  Rubber  Evaluated  by  X-Ray  Diffraction.  G.  L. 

Clark  and  H.  D.  Rhodes .  66 

Carbon  Dioxide,  Generator  for,  in  Pure  State.  W.  H.  Rauscher .  694 

Carbon  Dioxide,  Solid,  Atmospheric  Oxidation  Prevented  by.  G.  E. 

Ferguson  and  Leopold  Schefian . 276 

Carbon  Disulfide  Microdetermination  in  Air  by  Copper  and  Diethyl- 

amine  in  2-Methoxyethanoh  F.  F.  Morehead. . .  373 

Carbon  Monoxide  Determination  by  Pyrogallic-Tannic  Acid  Method 

as  Adapted  to  Standard  Gas  Analysis  Equipment.  Fred  Cook .  661 

Carius  Method,  Furnace  for  Microdeterminations  by.  J.  A.  Kuck 

and  Maurice  Griffel .  125 

Carius  Method,  Halogen  and  Sulfur  Microdeterminations  by.  J.  B. 

Niederl,  H.  Baum,  J.  S.  McCoy,  and  J.  A.  Kuck .  428 

Carotene 

Adsorption  by  Magnesia.  G.  S.  Fraps,  A.  R.  Kemmerer,  and  S.  M. 

Greenberg .  16 
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Carbohydrate  Effect  on.  E.  J.  Lease  and  J.  H.  Mitchell .  337 

in  Plant  Material.  Dicalcium  Phosphate  as  Adsorbent.  L.  A. 

Moore .  726 

in  Plant  Tissue.  H.  G.  Petering,  W.  Wolman,  and  R.  P.  Hib¬ 
bard . ^ 

Carotenoid  Pigments,  Melting  Point  Determination  of,  by  Microscope 

Hot  Stage.  F.  P.  Zscheile  and  J.  W.  White,  Jr . ••••••  436 

Castor  Oil.  Wijs  Iodine  Numbers  for  Conjugated  Double  Bonds. 

W.  C.  Forbes  and  H.  A.  Neville. . . . 7- 

Catalysts.  Feed  Device  with  Precise  Scale  for  Catalytic  Experi¬ 
ments.  R.  L.  Burwell,  Jr .  .  .  .  ...... -  .  .  .  681 

Catalytic  Development  Company,  Houdry  Laboratories  of.  H.  P. 

Broom . 778 

Cellulose  _.  ,  ,  _ ,  , 

Cotton  Degradation  Measurement  in  Dimethyl  Dibenzyl  Ammo¬ 
nium  Hydroxide.  W.  W.  Russell  and  N.  T.  Woodberry - ....  lol 

Determination  in  Agricultural  Wastes  with  Monoethanolamine. 

J.  D.  Reid,  G.  H.  Nelson,  and  S.  I.  Aronovsky .  ........  255 

Moisture  Determination  in,  by  Titrimetric  Method  Using  Karl 

Fischer  Reagent.  John  Mitchell,  Jr . ’>90 

Cement  Determination  in  Dust  Samples  by  Microscopic  Method. 

I  A.  Pearl .  492 

Cement,  Silica  and  R2O3  Determined  in.  L.  R.  Dawson  and  R.  V. 

Andes .  188 

Centrifuge  Cooling  Unit.  H.  L.  Wunderly  and  L.  S.  Smelo .  754 

O^HATE 

Nitrato  and  Perchlorato,  as  Test  Reagents  in  Rapid  Test  for  Alco- 

holic  Hydroxyl  Group.  F.  R.  Duke  and  G.  F.  Smith . .. . -01 

Oxidimetry.  Electrolytic  Oxidation  of  Cerium  without  Dia- 

phragm  Cell.  G.  F.  Smith,  Gerald  Frank,  and  A.  E.  Kott.  .  .  .  .  268 

Oxidimetry.  Preparation  and  Stability  of  Solutions.  G.  F.  Smith 

and  C.  A.  Getz .  339 

Ceric  Sdlfate  „  , 

Arsenic  Microdetermination  with,  after  Reduction  with  Hypophos- 

phite.  I.  M.  Kolthoff  and  Elias  Amdur . .  177 

Glycerol  Determination  by  Oxidation  with,  in  Fermentation  Media 
Containing  Dextrose.  E.  I.  Fulmer,  R.  J.  Hickey,  and  L.  A. 

Underkofler . . ;  •  •  •  •  -  ■  •  •  729 

in  Potassium  Microdetermination  by  Cobaltimtrite,  Evaluation  of. 

Bernard  Klein  and  Mendel  Jacobi . .  .  .  ......  987 

in  Potassium  Microdetermination  by  Cobaltimtrite,  Iodometnc 

Evaluation  of.  I.  A.  Kaye .  379 

Charts 

Nomograph  for  Lactometer  Correction,  and  Calculation  of  Milk 

Solids.  L.  M.  Lampert . .  ■  •  •  •  . .  527 

Tie  Lines  in  Ternary  Liquid  Systems.  Irvin  Bachman.  .....  ...  58 

Tie  Lines  in  Two-Liquid-Phase  Systems.  A.  V.  Brancker,  1.  G. 

Hunter,  and  A.  W.  Nash . .  ...  .........  Jo 

Chemicals,  Analytical  Reagent,  Recommended  Specifications  tor. 

A.  C.  S.  Committee,  W.  D.  Collins,  Chairman . .  6J1 

Chloride  Detection  by  Systematic  Method.  David  Hart  and  Robert 

Meyrowitz . ■ . •  '  V  ■  •  '  '  •  :  318 

Chloride  Pattern  in  Plant  and  Animal  Tissues  Localized.  Micro- 

electrographic  Method.  Herman  Yagoda .  ■  ■  ■  •  ■  ■  •  698 

Chlorine  Determination  in  Water  by  Iodine-a-Naphthofiavone  Ad¬ 
sorption  Reaction.  F.  J.  Hallinan . •.  •  v  '  452 

Chlorine  Microdetermination  in  Organic  Compounds  with  Bomb,  by 

Lime-Fusion  Method.  W.  M.  MacNevin  and  W.  H.  Baxley .......  299 

Chlorophyll  Determination  in  Plant  Tissue.  H.  G.  Petering,  W.  Wol¬ 
man,  and  R.  P.  Hibbard . ••••••• . 148 

Chromium  Determination  in  Steels  of  18-8  Alloy  Type.  Rapid  Se¬ 
quence  Titration  with  Manganese  and  Nickel.  Louis  Silverman 

and  Owen  Gates . . 

Citrus  Juices,  Air  Determination  in.  H.  J.  LoefHer .  oc s8 

Carbon  Content  of  Aliphatic  and  Cyclic  Compounds  from.  Gas- 

Volumetric  Semimicrodetermination.  E.  Berl  and  W.  Koerber.  .  245 

Hydrogenation  Products.  Microdetermination  of  Saturated  Ali¬ 
phatic,  Aromatic,  and  Hydroaromatic  Hydrocarbons  of  Cyclo- 

hexane  Series.  E.  Berl  and  W.  Koerber . ■•••. .  I73 

Sulfur  Determination  in.  H.  L.  Brunjes  and  M.  J.  Manning .  71o 

Coal  Tar.  See  Tar.  ,  ,  ,  . 

Cobalt  Determination  with  /3-Nitroso-a-Naphthol  by  Colorimetric 

Method.  J.  H.  Yoe  and  C.  J.  Barton .  40o 

COBALTINITRITE  FOR  POTASSIUM  DETERMINATION 

Micromethod  with  Ceric  Sulfate.  Bernard  Klein  and  Mendel 

Jacobi . . . 

Micromethod  with  Ceric  Sulfate.  Iodometric  Evaluation  of  Pre- 

cipitate.  I.  A.  Kaye . ....................  310 

in  Water  as  Potassium-Sodium  Cobaltimtrite  Precipitate.  K.  J. 

Robinson  and  J.  D.  Hauschildt . . . •  •  ^7b 

Cod  Liver  Oil,  Vitamin  A  Potency  of,  Estimated  by  Spectrographic 

Method.  R.  L.  McFarlan,  P.  K.  Bates,  and  E.  C.  Merrill.  . .  64o 

Coke,  Sulfur  Determination  in.  H.  L.  Brunjes  and  M.  J.  Manning.  .  .  713 

Colorimetry.  Absorptiometer  of  Thermoelectric  Type  for  Analyti- 

cal  Work.  H.  H.  Willard  and  G.  H.  Ayres . ••••••••••-_•  287 

Colorimetry.  Two-Component  Color  System  Analyzed.  H.  W. 

Knudson.  V.  W.  Meloche,  and  Chancey  Juday .  715 

Columns.  See  Distillation.  _ 

Combustion  Boat  Tongs,  New  Design  of.  H.  F.  Priest .  4/5 

Controllers,  Automatic.  A  Review.  R.  H.  Muller .......  . .  oU4 

Cooling  Unit  for  Centrifuge.  H.  L.  Wunderly  and  L.  S.  Smelo .......  ■  154 

Coordinating  Measuring  Instruments  and  Apparatus.  A  Review. 
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Arsenic  Estimation  in.  Bartholow  Park .  9‘ 
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in  Ferromolybdenum,  Calcium  Molybdate,  etc.,  by  a-Benzoin 

Oxime.  Louis  Silverman . .  •  •  . .  343 

by  Iodofluoride  Method.  Effects  of  Antimony,  Aluminum,  and 

Calcium.  W.  R.  Crowell  and  A.  T.  Spiher. . .  147 

by  Silver  Reductor.  Nathan  Birnbaum  and  S.  M.  Edmonds. .  .  .  15o 

in  Steel  by  Electrolytic  Method.  H.  A.  Frediani  and  C.  H.  Hale..  7 Jb 
with  Triethanolamine  by  Colorimetric  Method.  J.  H.  Yoe  and 

C.  J.  Barton . •. . ■  4ob 

Microdetermination  by  Electrolytic  Method,  Precision  of.  W.  M. 

MacNevin  and  R.  A.  Bournique . 431 

Microdetermination  in  Mineral  Oils.  Titrimetric  Extraction,  Us- 

ing  Dithizone.  A.  G.  Assaf  and  W.  C.  Hollibaugh . •••••••  600 

Corrosion  Tests  of  Naphtha  Affected  by  Presence  of  Sulfur  and  Sulfur 

Compounds.  L.  M.  Henderson,  M.  S.  Agruss,  and  G.  W.  Ayers,  Jr.  l 


Cotton  Cellulose  Degradation  Measurement  in  Dimethyl  Dibenzyl 

Ammonium  Hydroxide.  W.  W.  Russell  and  N.  T.  Woodberry .  151 

Cottonseed  Oil,  Gossypol  Determination  in.  H.  D.  Royce,  J.  R. 

Harrison,  and  P.  D.  Deans . 741 

Crucible  of  Magnesite,  Improved.  W.  J.  Crook,  J.  R.  Cunningham, 

and  J.  R.  Cady .  48 

Cryostat.  See  Temperature. 

Crystallization,  Hot  Simple  Method  for.  J.  W.  Dawson  and  W.  M. 

Dehn . 317 

Crystallization.  Microapparatus  for  Fractional  Recrystallization. 

L.  C.  Craig . . . .  . •  ■  •  ••  773 

Cyclohexane  Hydrocarbons.  Microdetermination  of  saturated  All- 
phatic.  Aromatic,  and  Hydroaromatic  Hydrocarbons.  E.  Berl  and 

W.  Koerber . 175 

Cyclopentane  Hydrocarbons.  Dehydrogenation  and  Nitration  by 

Micromethod.  E.  Berl  and  Regis  Raab.  . .  177 


Densitometer,  Micro-,  with  Photoelectric  Cell.  M.  Spiegel- Adolf 

and  R.  H.  Peckham . . .  182 

Density.  See  Specific  Gravity. 

Dentifrice  Abrasion',  Machine  for  Testing.  R.  W.  Smith . ...........  419 

Derris,  Rotenone  Determination  in.  T.  M.  Meijer  and  D.  R.  Kool- 

haas . 290 

Dicalcium  Phosphate.  See  Calcium  Phosphate. 
2,6-Dichlorobenzenoneindophenol.  See  Indophenol. 

Dihydrorotenone.  See  Rotenone.  _  -j 

Dimethyl  Dibenzyl  Ammonium  Hydroxide  (Triton  F),  Cotton  fluid¬ 
ity  in.  W.  W.  Russell  and  N.  T.  Woodberry . .  lol 

Di-/3-Naphthyltbiocarbazone  for  Mercury  Microdetermination  m 

Urine  by  Photometric  Method.  _D.  M.  Hubbard. . •  •  -  •  •  798 

Diphenylcarbazide  for  Lead  Determination  in  Blood,  Tissues,  and  Ex- 

creta  by  Colorimetric  Method.  T.  V.  Letonoff  and  J.  G.  Reinhold  . .  280 

Dipicrylamine,  Potassium  Determination  by,  in  Photometric  Method. 

Elias  Amdur .  731 
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Enamel,  Black,  Analysis  of.  S.  E.  Berkenblit . 

Estera,aMethy“of  Higher  Fatty  Acids  Separated  by  Fractional  Dis- 

tillation.  F.  W.  Wyman  and  Chas.  Barkenbus. ...... .  ■  ■  •  •. . 

Ethanolamine  (2-Aminoethanol)  Identification.  Bernhard  Reiser. ...  - 

Ether-Acetone  for  Glass  Drying.  A.  E.  Markham.  .  . .  .  - . 

Ethyl  Gasoline  Corporation,  Chemical  Research  Laboratory  of.  H. 

Ethy/vaniflin  Determination  jn  Vaniila  Extract,  W.  Cbenoweth  98 
Ethylene  Glycol  Determination  in  Lubricating  Oil.  H.  Lamprey, 

E.  E.  Sommer,  and  A.  D.  Kiffer  . . . .  ■  •  •  •  ■ •  v  •  Geison 

Ethylene  Glycol  Determination  m  Presence  of  Glycerol.  Nelson 
Allen  H.  Y.  Charbonnier,  and  R.  M.  Coleman. .....  ...  -  •  •  •  •  •  ■  • 

Excrement,  Lead  Determination  in,  by  Colorimetric  Diphenylc  -  2R0 

bazide  Method.  T.  V.  Letonoff  and  J.  G.  Reinhold. . .. .  , 

Extraction  Tube  of  Rohrig  Type,  Modification  of.  C.  W.  Sullens  and  2gl 

Extract? for 'Fluids  in  Laboratory.  G.  W.  Irving,  Jr.,  and  T.  .  _4g 

Loring . 
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Fats 

Commercial.  Analyses  Recommended.  A.  C.  S.  Committee,  V.  C. 

Mehlenbacher,  Chairman . 

Filter  Aids  for.  A.  L.  Olsen . 

Vegetable  and  Animal,  Molecular  or  Short-Path  Still  for.  S.  B. 

Detwiler,  Jr.,  and  K.  S.  Markley . 

Fatty  Acids,  Higher.  Methyl  Esters  Separated  by  Fractional  Dis¬ 
tillation.  F.  W.  Wyman  and  Chas.  Barkenbus . 

Feeding  Device  for  Catalytic  Experiments,  with  Precise  Scale.  R.  L. 

Burwell,  Jr . . . 

Feedstuffs,  Iodine  Microdetermination  in,  by  Improved  Apparatus. 

F.  X.  Gassner . 

Feldspar,  Quartz  Determination  in.  G.  H.  McIntyre  and  M.  Bozsin 
Ferric  Oxide,  Colloidal,  Adsorption  Power  Gaged  by  Dye  Adsorption. 

F.  H.  Dotterweich  with  W.  J.  Huff . 

Ferric  Sulfate,  Kjeldahl  Digestion  Time  Shortened  by  Use  of.  F.  M. 

Stubblefield  and  E.  E.  DeTurk . 

Ferrocyanide  Ion,  Microidentification  of.  W.  C.  Oelke . 

Ferromolybdenum,  Copper  Determination  in,  by  a-Benzoin  Oxime. 

Louis  Silverman . 

Fertilizer.  Acidity  or  Basicity  Equivalents  Determined  by  Routine 

Method.  E.  W.  Constable . .••••: . 

Fiber,  Crude,  Determination  of.  Potassium  Sulfate  as  Filtration  Aid. 

A.  M.  Neubert,  Fred  VanAmburgh,  and  J.  L.  St.  John . 

Filtration  Apparatus 

Aids  for  Fat  Filtration.  A.  L.  Olsen . 

Funnel,  Buchner,  for  Organic  Qualitative  Analysis.  C.  A.  Roswell 

for  Hot  Saturated  Solutions.  J.  W.  Dawson  and  W.  M.  Dehn . 

Mats,  Asbestos  Prepared  for.  B.  L.  Kaspin . 

with  Motor  Attachment.  J.  F.  King  and  H.  F.  Priest . 

Pressure  Filter  of  Leaf  Type  for  Laboratory.  T.  F.  Clark,  N.  Por- 

ges,  and  S.  I.  Aronovsky . 

of  Suction  Type  for  Sampling  Filtrates  under  Constant  Pressure. 

E.  T.  Fukunaga  and  L.  A.  Dean . 

Fischer  Reagent.  See  Water. 

Fish  Liver  Oils.  Vitamin  A  Assay  with  Photoelectric  Colorimeter. 

R.  B.  French . 

Fish  Liver  Oils.  Vitamin  A  Determination  by  Spectrophotometry. 

D.  T.  Ewing,  J.  M.  Vandenbelt,  A.  D.  Emmett,  and  O.  D.  Bird . 

Flask,  Volumetric,  of  10-Liter  Capacity.  F.  J.  Reithel . 

Flow  Divider  for  Gases.  J.  H.  Bruun . 

Flow  Regulator,  Automatic,  for  Constant  Low  Gas  Flows.  Leslie 

Silverman . 

Flowmeter,  Capillary.  H.  N.  Alyea . 

Fluid  Extractor  for  Laboratory.  G.  W.  Irving,  Jr.,  and  T.  W.  Lor- 

ing . 

Fluorine  Determination  by  Amperometric  Titration  with  Thorium 

Nitrate.  Alois  Langer . 

Food.  Iron  Microdetermination  in  Liquid  Products.  H.  L.  Rob¬ 
erts,  C.  L.  Beardsley,  and  L.  V.  Taylor,  Jr . 

Formaldoxime  for  Manganese  Determination  by  Colorimetric  Micro¬ 
method.  C.  P.  Sideris . 

Fractionation.  See  Distillation 

Funnel,  Buchner,  for  Organic  Qualitative  Analysis.  C.  A.  Roswell 
Furfural 

Determination  by  Photocolorimetric  Method.  R.  A.  Stillings 

and  B.  L.  Browning . 

Microdetermination  from  Pentose-Acid  Reactions.  R.  E.  Reeves 

and  Jackson  Munro . 

Recovery  from  Aqueous  Solutions.  Floyd  Trimble  and  A.  P. 

Dunlop . 

Furnace,  Electric,  of  High-Temperature  Resistance  Type  for  Labora¬ 
tory.  W.  M.  Hazel  and  W.  J.  O’Leary . 

Furnace  for  Micro-Carius  Determination.  J.  A.  Kuck  and  Maurice 
Griff  el . 

G 

Galvanometer  Oscillations  Reduced  by  Condenser,  in  Polarographic 

Measurements.  J.  J.  Lingane  and  Herbert  Kerlinger . 

Gases 

Apparatus  and  Instruments  for  Measurement  and  Control  of.  R. 

H.  Muller . 

Evolved-Gas  Measurement  by  Continuous  Automatic  Apparatus. 

M.  L.  Crossley,  R.  H.  Kienle,  and  C.  H.  Benbrook . 

Flow  Divider  for.  J.  H.  Bruun . 

Flow  Regulator  for  Maintaining  Constant  Low  Flows.  Leslie 

Silverman . 

Gasometer  for  Micro-Dumas  Determinations.  J.  G.  Sandza  and 

J.  F.  Alicino . 

Microanalysis.  Acetylene,  Benzene,  and  Some  Procedure  Modifi¬ 
cations.  F.  E.  Blacet,  A.  L.  Sellers,  and  W.  J.  Blaedel . 

Saturator  in  Compact  Form.  A.  E.  Markham . 

Saturator  of  High  Versatility  for.  W.  R.  Rinelli  and  K.  S.  Willson. . 
Sulfur,  Organic,  Determined  in  Combustible  Gas.  F.  M.  Rogers 

and  R.  F.  Baldaste . 

Tanks,  Portable,  for  Gas  under  Low  Pressure.  G.  R.  Robertson.  . 
Gelatin-Silver  Photographic  Paper  as  Reagent  in  Spot  Analysis. 

G.  Schwarz . 

General  Foods  Corporation,  Research  and  Development  Labora¬ 
tories  of.  T.  M.  Rector . 

Glass 

Apparatus  and  Instruments.  A  Review.  R.  H.  Muller . 

Cleaning  with  Wetting  Agents.  W.  H.  White . 

Drying  with  Acetone-Ether  Mixtures.  A.  E.  Markham . 

Electrophoresis  Cell,  Micro-,  of  Pyrex.  D.  R.  Briggs . 

Powdering,  Mortar  and  Pestle  for.  H.  L.  Wunderly . 

Spheres,  Microscopic,  Preparation  of.  C.  R.  Bloomquist  and  A. 

Clark . 

Static  Charges  on,  Removed  by  Ultraviolet  Light.  C.  J.  Rodden. 

(Correction,  775) . . 

Still  with  Automatic  Float  Feed.  G.  F.  Liebig,  Jr . 

Stirrer  with  Ball  Valve.  Silvester  Liotta . 

Sulfur  Removal  from.  H.  S.  Wilson. . . 

Tubing,  Hot  Wire  Cutter  for.  A.  A.  Hirseh . 

Gloss  Measurement 

of  Asphalt,  Meter  for.  A.  P.  Anderson  and  T.  E.  Reamer . 

of  Paint.  L.  A.  Wetlaufer  and  W.  E.  Scott . 

of  Paint.  Meter  for  Distinctness-of-Image  Measurement.  R.  J. 

Myers . . . . . 

Glutamine  Determination  in  Plant  Tissues.  G.  W.  Pucher  and 

H.  B.  Vickery . . 


Glycerol 

Determination  by  Oxidation  with  Ceric  Sulfate  in  Fermentation 
Media  Containing  Dextrose.  E.  I.  Fulmer,  R.  J.  Hickey,  and 

L.  A.  Underkofler .  729 

Determination  in  Presence  of  Ethylene  Glycol.  Nelson  Allen, 

H.  Y.  Charbonnier,  and  R.  M.  Coleman .  384 

Effect  on  Water  Determination  by  Distillation  Method.  R.  B. 

Trusler .  509 

Gossypol  Determination  in  Cottonseed  Oil.  H.  D.  Royce,  J.  R. 

Harrison,  and  P.  D.  Deans .  741 

Grease.  See  Lubricants. 

Grignard  Reagent  for  Hydrogen  Microdetermination  by  Gravimetric 
Method.  Application  to  Analysis  of  Impregnated  Paper  Insulating 

Tapes.  R.  N.  Evans,  J.  E.  Davenport,  and  A.  J.  Revukas .  301 

Grignard  Reagent  for  Hydroxyl  Determination.  Walter  Fuchs, 

N.  H.  Ishler,  and  A.  G.  Sandhoff .  507 


H 

Halogen  Microdetermination  by  Carius  Method.  J.  B.  Niederl, 

H.  Baum,  J.  S.  McCoy,  and  J.  A.  Kuck .  428 

Heat  Apparatus 

Control  Units.  J.  A.  Riddick .  222 

Electric  Flask  Heater  with  High  Output.  H.  A.  Krantz  and  R. 

W.  Hufferd .  752 

(See  also  Temperature.) 

Houdry  Laboratories.  See  Catalytic  Development  Company. 

Hydrocarbons 

Aliphatic 

Acids,  Analysis  of  Mixtures  of.  S.  T.  Schicktanz,  W.  I.  Steele, 

and  A.  C.  Blaisdell .  320 

and  Cyclic,  Carbon  Semimicrodetermination  in,  by  Gas-Volu¬ 
metric  Wet  Method.  E.  Berl  and  W.  Koerber .  245 

Unsaturation  Determined  in,  by  Bromine  Absorption.  J.  B. 

Lewis  and  R.  B.  Bradstreet .  387 

Aromatic,  Detection  of,  in  Air  by  Micromethod.  G.  R.  Gilbert 

and  R.  E.  Tannich.  (Correspondence,  767) .  433 

of  Butane  Series,  Critical  Solution  Temperatures  and  Aniline 

Points  of.  C.  G.  Ludeman .  446 

of  Cyclohexane  Series.  Microdetermination  of  Saturated  Aliphatic, 
Aromatic,  and  Hydroaromatic  Compounds.  E.  Berl  and  W. 

Koerber .  175 

of  Cyclopentane  Series.  Dehydrogenation  and  Nitration  by 

Micromethod.  E.  Berl  and  Regis  Raab .  177 

Paraffinic  Mixtures  Analyzed  by  Raman  Spectra.  A.  V.  Grosse, 

E.  J.  Rosenbaum,  and  H.  F.  Jacobson .  191 

Paraffins,  Primary  Mononitro-,  Determined  Colorimetrically. 

E.  W.  Scott  and  J.  F.  Treon .  189 

(See  also  Organic  Compounds,  Petroleum,  and  kind  of  hydrocar¬ 


bon.) 

Hydrogen 

Determination  as  Exchangeable  Hydrogen  in  Unsaturated  Soils, 

by  Potentiometric  Method.  K.  A.  Maehl .  24 

Microdetermination 

with  Abrahamczik  Absorption  Tubes.  R.  O.  Clark  and  G.  H. 

Stillson .  494 

in  Active  Form  by  Gravimetric  Method  Using  Grignard  Reagent. 
Application  to  Analysis  of  Impregnated  Paper  Insulating 
Tapes.  R.  N.  Evans,  J.  E.  Davenport,  and  A.  J.  Revukas.  . .  301 

by  Combustion.  Modified  Method.  G.  L.  Royer,  A.  R.  Norton, 

and  O.  E.  Sundberg .  688 

Semi-,  in  Organic  Compounds,  Apparatus  for.  Carl  Niemann 

and  Vance  Danford .  563 

Hydrogen-Ion  Concentration.  Patent  Blue  V  as  pH  Indicator 

(Correction).  J.  H.  Yoe  and  G.  R.  Boyd,  Jr .  399 

Hydrogen-Ion  Concentration.  pH  Meter  and  Vacuum  Tube  Elec¬ 
trometer.  F.  M.  Goyan,  C.  L.  Barnes,  and  H.  W.  Hind .  485 

Hydrogen  Peroxide.  See  Peroxide. 

Hydrogen  Sulfide  Determination  in  Gases  and  Aqueous  Solutions. 

J.  A.  Shaw .  668 

Hydrogenation  Apparatus,  Micro-.  A.  N.  Prater  and  A.  J.  Haagen- 

Smit .  705 

Hydroxyl,  Alcoholic,  Nitrato  and  Perchlorato  Cerate  Anions  as 

Test  Reagents  for.  F.  R.  Duke  and  G.  F.  Smith .  201 

Hydroxyl  Determination  with  Grignard  Reagent.  Walter  Fuchs, 

N.  H.  Ishler,  and  A.  G.  Sandhoff . .  507 

Hypophosphite,  Arsenic  Microdetermination  by  Cerimetric  Method 

after  Reduction  with.  I.  M.  Kolthoff  and  Elias  Amdur .  177 

I 

Indium  Microdetermination.  G.  L.  Royer . . 439 

Indole  Determined  Quantitatively  by  Modification  of  Ehrlich’s  Re¬ 
action.  L.  H.  Chernoff . 273 

Indophenol,  2,6-Dichlorobenzenone-,  Solutions  Prepared  in  Stable 

Form.  Irwin  Stone . . .  415 

Inhalation,  Nebulizer  for  Experiments  on.  R.  J.  Main .  117 

Inoculation  Procedure,  Simplified.  T.  L.  Black  and  Aaron  Arnold.  .  344 

Instruments  and  Instrumentation,  of  American  Origin.  A  Review. 

R.  H.  Muller .  571 

Insulation  for  Cables.  Hydrogen  Microdetermination  in  Impreg¬ 
nated  Paper  Tapes  by  Gravimetric  Method  with  Grignard  Re¬ 
agent.  R.  N.  Evans,  J.  E.  Davenport,  and  A.  J.  Revukas .  301 

Iodide 

Detection  by  Systematic  Method.  David  Hart  and  Robert  Meyro- 

witz . 318 

Microdetermination.  Oxidation-Reduction  Reaction  Catalyzed 

by  Iodine.  David  Hart  and  Robert  Meyrowitz .  774 

-Starch  Method  of  Ozone  Analysis.  C.  E.  Thorp .  209 

Iodine 

Determination  in  Thyroid.  Elimination  of  Uncertain  End  Point 
and  Blank  in  U.  S.  P.  XI  Assay.  R.  S.  Burnett  and  R.  F.  War- 

kow .  734 

Microdetermination  in  Blood  by  Improved  Method.  A.  L.  Chaney  179 
Microdetermination  in  Feedstuffs,  Apparatus  for.  F.  X.  Gassner.  .  120 

Wijs  Method.  J.  W.  McCutcheon .  465 

Wijs  Number  for  Conjugated  Double  Bonds.  W.  C.  Forbes  and 

H.  A.  Neville .  72 

Iodofluoride  Method  for  Determination  of  Copper.  Effects  of 
Antimony,  Aluminum,  and  Calcium.  W.  R.  Crowell  and  A.  T. 

Spiher .  147 
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Cast,  Molybdenum  Determination  in.  Calvin  Sterling  and  W.  P. 

Spuhr  •  •••••  . . 33 

Determination  in  Bread  and  Bread  Ingredients.  Charles  Hoffman, 

T.  R.  Schweitzer,  and  Gaston  Dalby .  454 

Determination  with  Salicylaldoxime  by  Colorimetric  Spectro- 

photometric  Method.  D.  E.  Howe  with  M.  G.  Mellon.  .....  448 

Identification  Limits  of  Simple  Confirmatory  Test  for.  A.  A 

Benedetti-Pichler  and  J.  R.  Rachele. . . .  •  •  •  •  23d 

Microdetermination  in  Food  Products  in  Liquid  Form.  H.  L. 

Roberts,  C.  L.  Beardsley,  and  L.  V.  Taylor,  Jr..  .  ..  .........  36o 

Microdetermination  with  Silver  Reductor.  S.  M.  Edmonds  and 

Nathan  Birnbaum .  60 

(See  also  Steel.) 


Jones  Reductor.  See  Reductor. 

K 

Fain,  Rotary.  Heated  Electrically.  E.  P.  Barrett,  W.  L.  Barrett, 

and  P.  R.  Porath .  684 

Kjeldahl  Method  _  ...  .  ,  , 

Ferric  Sulfate  for  Shortemng  Time  of.  F.  M.  Stubblefield  and 

E.  E.  DeTurk . . . . . ■ . ;  •  ■ •  396 

Micro-,  Semimicro-,  and  Macro-.  Titration  of  Ammonia  in 
Presence  of  Boric  Acid,  Using  Methyl  Red  Indicator  and  Color- 

Matching  End  Point.  E.  C.  Wagner .  '71 

Selenium  Effect  in.  R.  B.  Bradstreet . -•.•••  bo7 

for  Viscous  Liquid  Analysis.  Flat-Bottomed  Microcups  as  YV  eigfi- 
ing  Bottles  and  Reaction  Vessels.  G.  E.  Ferguson  and  Leopold 
Scheflan . 

L 

Labobatories,  Modern  tt  _  -_Q 

Catalytic  Development  Company.  H.  P.  Broom .  < 

Ethyl  Gasoline  Corporation.  H.  A.  Beatty .  loa 

General  Foods  Corporation.  T.  M.  Rector .  “47 

Mines,  Bureau  of.  R.  S.  Dean . . .  7Uo 

Montana  State  University.  J.  W.  Howard. .... ........ - ■  •  •  •  |41 

North  Dakota  University.  Irvin  Lavine  and  A.  M.  Cooley,  Jr..  .  oo7 

Purdue  University.  J.  L.  Bray. . .  37o 

Standard  Oil  Company  of  California.  R.  A.  Halloran . ■•••••  312 

Lactic  Acid  Microdetermination  in  Blood.  Samuel  Elgart  and  J.  b.  ^ 

Harris . . . 

Lactometer.  See  Milk. 

Lead  Determination  .  .  , 

in  Blood,  Tissues,  and  Excreta  by  Colorimetric  Method  with  Di- 

phenylcarbazide.  T.  V.  Letonoff  and  J.  G.  Reinhold . .  .  280 

in  Paints  by  Polarographic  Method.  B.  M.  Abraham  and  R.  S. 

Huffman . .. . . . . -  656 

in  Pharmaceutical  Chemicals  by  Dithizone  Limit  Test.  Rarl 

Bambach . . . •  63 

Length,  Apparatus  and  Instruments  for  Measurement  of.  R.  ±1. 

Muller . i  074 

Linear  Displacement,  Apparatus  and  Instruments  for  Measurement 

of.  R.  H.  Muller . . . 574 

Linoleic  Acids.  Wijs  Iodine  Numbers  for  Conjugated  Double 

Bonds.  W.  C.  Forbes  and  H.  A.  Neville . .  72 

Linseed  Oil,  Phosphorus  Determination  in,  by  Oxygen  Bomb.  G.  I. 

Piercy,  E.  K.  Plant,  and  M.  C.  Rogers .  too 

Feed  Device  for,  in  Catalytic  Experiments.  R.  L.  Burwell,  Jr. .  .  .  681 

Ternary  Systems  of.  Tie  Lines  in.  Irvin  Bachman . ••  •••  38 

Two-Phase  Systems  of,  Tie  Lines  in.  A.  V.  Brancker,  T.  G. 

Hunter,  and  A.  W.  Nash .  3o 

Lubricants  . 

Grease  Consistency  Measured  by  Mobilometer  in  Fluid  and  Semi¬ 
fluid  State.  K.  C.  Combes,  C.  S.  Ford,  and  W.  S.  Schaer .  285 

Oils,  Ethylene  Glycol  Detection  and  Determination  in.  H.  Lam- 

prey,  E.  E.  Sommer,  and  A.  D.  Kiffer . . . . • • •  •  °26 

Oils.  Sludge  Determination  in  LTsed  or  Oxidized  Motor  Oils. 

C.  G.  Ludeman . 

M 

Magnesia,  Carotene  Adsorption  by.  G.  S.  Fraps,  A.  R.  Kemmerer, 

and  S.  M.  Greenberg . .  16 

Magnesite  Crucible,  Improved.  W.  J.  Crook,  J.  R.  Cunningham, 

and  J.  R.  Cady . .••••■  v,),-  •  •  48 

Magnesium  Determination  with  p-Nitrobenzeneazoresorcinol.  Effect 

of  Diverse  Ions.  J.  P.  Mehlig  and  N.  R.  Johnson .  30 

Magnesium  Microdetermination  by  Colorimetric  Method.  C.  P. 

Sideris . .■•••.• .  ,3^ 

Magnetic  Shaking  Device.  S.  Kiyomizu .  174 

Manganese  . 

Determination  in  Dyes  and  Other  Organic  Materials.  G.  r. 

Palfrey,  R.  H.  Hobert,  A.  F.  Benning,  and  I.  W.  Dobratz .  94 

Determination  in  Steels  of  18—8  Alloy  Type.  _  Rapid  Sequence 
Titration  with  Chromium  and  Nickel.  Louis  Silverman  and 

Owen  Gates . _ . ; 518 

Microdetermination  by  Formaldoxime  Colorimetric  Method.  C. 

P.  Sideris . 307 

Mass,  Apparatus  and  Instruments  for  Determination  of.  K.  H. 

Muller . 378 

Melting  Point  Determination  of  Carotenoid  Pigments  by  Microscope 

Hot  Stage.  F.  P.  Zscheile  and  J.  W.  White,  Jr . .  .  436 

Menthols,  Isomeric,  Separation  and  Determination  of.  R.  T.  Hall, 

J.  H.  Holcomb,  Jr.,  and  D.  B.  Griffin . .  •  •  •  787 

Mercaptan  Sulfur  Determination  in  Gases  and  Aqueous  Solutions. 

J.  A.  Shaw .  668 

Ivl  ERCTJRY 

Microdetermination  by  Modification  of  Rauscher’s  Method. 

Anthony  Shukis,  Jr.,  and  R.  C.  Tallman.  .  . . . .  1-3 

Microdetermination  in  Urine.  Photometric  Method  with  Di-0- 

Naphthylthiocarbazone.  D.  M.  Hubbard .  768 

for  Sealing  Vessels  for  Storage  of  Solutions.  F.  E.  Holmes.  ..  .  .  .  42o 

Methionine  Determination  in  Mixtures.  J.  J.  Kolb  and  Gernt 

Toennies .  723 
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Methylpropene  Determination  by  Modified  Denig^s  Reagent.  A. 

Newton  and  E.  J.  Buckler .  251 

Microchemistry 

Apparatus  and  Instruments  for.  A  Review.  R.  H.  Muller .  620 

Apparatus  for  Semiqualitative  Analysis.  H.  H.  Barber .  58 

Emich,  Friedrich,  Founder  of.  A.  A.  Benedetti-Pichler .  226 

Identification  Limits  of  Simple  Confirmatory  Tests.  A.  A.  Bene¬ 
detti-Pichler  and  J.  R.  Rachele .  233 

Microgram  and  Millimicrogram  Terms  Defined .  359 

Organic  Qualitative  Analysis  by  Systematic  Scheme 

Refractive  Index  of  Liquids  Determined.  H.  K.  Alber  and 

J.  T.  Bryant . .  305 

Specific  Gravity  Determined.  H.  K.  Alber .  764 

Microscope,  Polarizing,  Adapted  for  Use  as  Polarimeter.  Alexander 

Marion .  •  777 

Milk  Solids,  Nomograph  for  Correction  of  Lactometer  Readings  and 

Calculation  of.  L.  M.  Lampert .  *527 

Mines,  Bureau  of,  Metallurgical  Laboratories.  R.  S.  Dean .  708 

Mobilometer.  See  Viscosity  Apparatus. 

Mold  on  Paints.  Resistance  to  GrowTh  Tested-  A.  M.  Partansky 

and  R.  R.  McPherson .  ••••••••••••  443 

Molecular  Still  for  Vegetable  and  Animal  Fats  and  Oils.  S.  B. 

Detwiler,  Jr.,  and  K.  S.  Markley . .  •  •  348 

Molybdenite  Minerals,  Rhenium  Determination  in.  C.  F.  Hiskey 

and  V.  W.  Meloche. . . ;•••••••  ^03 

Molybdenum  Determination  in  Steel  and  Cast  Iron.  Calvin  Ster¬ 
ling  and  W.  P.  Spuhr . ••■•••••  33 
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J.  W.  Howard . 441 

Morin,  Beryllium  Microdetermination  with.  E.  B.  Sandell .  762 
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Naphtha  Corrosion  Tests  Affected  by  Sulfur  and  Sulfur  Compounds. 

L.  M.  Henderson,  M.  S.  Agruss,  and  G.  W.  Ayers,  Jr..  .  .  1 

Naphthenic  Acids,  Analysis  of.  J.  R.  M.  Klotz  and  E.  R.  Littmann  76 

2-N  aphthol-Azoxylene,  Reduction  of.  William  Seaman,  A.  R. 

Norton,  and  J.  Hugonet . . 464 

Nebulizer  for  Inhalation  Experiments.  R.  J.  Main .  117 

Nessler  Reagent,  Preparation  of.  A.  P.  Vanselow . .  .  . .  516 

Nickel  Determination  in  Steels  of  18-8  Alloy  Type.  Rapid  Sequence 
Titration  with  Manganese  and  Chromium.  Louis  Silverman  and 

Owen  Gates .  518 

Nitrato  Cerate.  See  Cerate. 

Nitrite  Nitrogen  Standards.  W.  F.  Reindollar . .  32o 

p-Nitrobenzeneazoresorcinol  (S.  and  O.  Reagent)  for  Magnesium 
Determination.  Effect  of  Diverse  Ions.  J.  P.  Mehlig  and  K.  R. 

Johnson .  3b 

Nitrogen 

Dumas  Microdetermination,  Gasometer  for.  J.  G.  Sandza  and 

J.  F.  Alicino . ; . . .  776 

Dumas  Semimicrometbod  for  Difficult  Organic  Compounds.  A.  tv. 

Ronzio . 393 

Evolved,  Measurement  by  Continuous  Automatic  Apparatus. 
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Fixation,  Biological,  Direct  Estimation  of.  Charles  Hurwitz  and 

P.  W.  Wilson . .  •  ■  -  . .  3* 

Nitrite  Nitrogen  Standards.  W.  F.  Reindollar .  325 

(See  also  Kjehldahl  Method.) 

Nitron  in  Gravimetric  Determinations.  Possible^  Source  ot  Error 

When  Used  with  Hydrogen  Peroxide.  R.  C.  Y  oung  and  P.  M.  ^ 

Nitroparaffins,  Primary  Mono-,  Determined  Colorimetrically.  E. 

W.  Scott  and  J.  F.  Treon . •  -  ■  •  . . ■■■■■:•  189 

o-Nitrophenol  Estimation  in  p-Nitrophenol  by  Fluorescence  Analysis. 

William  Seaman,  A.  R.  Norton,  and  O.  E.  Sundberg.  .  .  . - -  403 

(3-Nitroso-a-Naphthol  for  Cobalt  Determination  by  Colorimetric 

Method.  J.  H.  Yoe  and  C.  J.  Barton .  40° 

Nomograph.  See  Charts.  .  ,  ^  .... 

North  Dakota  University’s  New  Chemical  Engineering  Building. 

Irvin  Lavine  and  A.  M.  Cooley,  Jr .  087 


Analysis  by  Wijs  Iodine  Method.  J.  W.  McCutcheon.  .  .  ...  .  ... 
Castor  and  Tung.  Wijs  Iodine  Numbers  for  Conjugated  Double 

Bonds.  W.  C.  Forbes  and  H.  A.  Neville.  . .  ... 

Cod  Liver.  Vitamin  A  Potency  Estimated  by  Spectrographic 
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Fish  Liver  Vitamin  A  Determination  by  Spectrophotometry. 
D.  T.  Ewing,  J.  M.  Vandenbelt,  A.  D.  Emmett,  and  O.  D. 

Linseed,  Phosphorus'  Determination  in,  by  Oxygen  Bomb.  G.  T. 

Piercy,  E.  K.  Plant,  and  M.  C.  Rogers . 

Oiticica,  Bodying  by  Continuous  Laboratory  Method.  Vincent 
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Vegetable  and  Animal,  Molecular  or  Short-Path  Still  for.  S.  B. 

Detwiler,  Jr.,  and  K.  S.  Markley . . . 

(See  also  Insulation,  Lubricants,  and  Petroleum.) 

Oiticica  Oil  Bodying  by  Continuous  Laboratory  Method.  Vincent 

Marchese,  Joseph  Mattiello,  and  L.  T.  Work . 

Optical  Instruments.  A  Review  R.  H.  Muller.  .. .  .  .  ...  • 

Ores.  Platinum-Metal  Assay  in  Concentrates.  John  Seath  and  I .  E. 
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Ash  Microdetermination  in,  by  Technique  with  Automatic  Com¬ 
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Carbon  and  Hydrogen  Semimicrodeterminations  in,  Apparatus  tor. 
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Carbon  Microdetermination  in,  by  Wet  Method.  E.  F.  Degering 

and  T.  Z.  Ball . . . .  124 

Chlorine  Microdetermination  in,  with  Bomb  by  Lime-Fusion 

Method.  W.  M.  MacNevin  and  W.  H.  Baxley .  299 

Copper  and  Manganese  Determinations  in.  G.  F.  Palfrey,  R.  H. 

Hobert,  A.  F.  Benning,  and  I.  W.  Dobratz .  94 

Microanalysis  by  Qualitative  Systematic  Scheme. 

Refractive  Index  of  Liquids  Determined.  H.  K.  Alber  and 

J.  T.  Bryant .  305 

Specific  Gravity  Determined.  H.  K.  Alber .  764 

Micro-Carius  Determinations,  Furnace  for.  J.  A.  Kuck  and 

Maurice  Griffel .  125 

Microtechnique  of  Qualitative  Analysis.  Group  Tests  for  Com¬ 
pounds  of  Carbon,  Hydrogen,  and  Oxygen.  D.  G.  Foulke  and 

Frank  Schneider . 554 

Nitrogen  Determination  in  Difficult  Compounds  by  Semimiero- 

Dumas  Method.  A.  R.  Ronzio . . . . .  303 

Oxygen  Determined  in,  by  Qualitative  Test.  ^  David  Davidson.  .  .  40 

as  Reagents,  and  Methods  Involving  Their  Use.  J.  F.  Flagg  and 
N.  H.  Furman 

Indirect  Volumetric  Determination  of  Metals  Precipitated  by 

Reagents  of  Oxime  Type . 738 

Precipitation  of  Bismuth,  <Zinc,  and  Vanadium  with  Salicyl- 

aldoxime .  663 

Qualitative  Reactions  of  Salicylaldoxime  and  Its  5-Chl  oro, 

3,5-Dibromo,  and  5-Nitro  Derivatives  with  Inorganic  Ions.  .  .  529 

Sublimation,  Accelerated,  as  Means  for  Purification  of.  A.  J. 

Bailey .  194 

Sulfate  Microdetermination  from  Combustion  of.  Tetrahydroxy- 
quinone  as  Indicator  in  Volumetric  Method.  L.  T.  Hallett  and 

J.  W.  Kuipers .  360 

Sulfur  Microdetermination  in.  E.  W.  D.  Huffman .  53 

Sulfur  Microdetermination  in.  Absorption  Apparatus  for  Use 

with  Combustion  Method.  L.  T.  Hallett  and  J.  W.  Kuipers.  . .  357 

(See  also  Hydrocarbons.) 

Organometalhc  Problems,  Research  in.  W.  L.  Gilliland .  474 

Oscillator,  Supersonic.  B.  H.  Porter .  748 

Oxalic  Acid  for  Identification  of  Primary  Aliphatic  Amides.  C.  A. 

MacKenzie  and  W.  T.  Rawles .  737 

Oxidation-Reduction  Titrations,  Patent  Blue  V  as  Indicator  in 

(Correction).  J.  H.  Yoe  and  G.  R.  Boyd,  Jr .  399 

Oximes,  Metals  Determined  by,  in  Indirect  Volumetric  Method.  N. 

H.  Furman  and  J.  F.  Flagg .  738 

Oxygen 

Bomb.  See  Bomb. 

Determination 

of  Biochemical  Oxygen  Demand  and  Dissolved  Oxygen  of 

River  Mud  Suspensions.  C.  C.  Ruchhoft  and  W.  A.  Moore.  .  711 

in  Organic  Compounds  by  Qualitative  Method.  David  David¬ 
son .  40 

in  Steel.  Louis  Singer .  127 

Ozone  Analysis  by  Starch-Iodide  Method.  C.  E.  Thorp .  209 
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Gloss  Measurement.  L.  A.  Wetlaufer  and  W.  E.  Scott .  647 

Glossmeter  for  Measuring  Distinctness  of  Image.  R.  J.  Myers.  .  678 

Lead  and  Zinc  Determination  in,  by  Polarographic  Method.  B. 

M.  Abraham  and  R.  S.  Huffman .  656 

Mold-Resistant  Properties  of  Oil  Paints  Tested.  A.  M.  Partan- 

sky  and  R.  R.  McPherson .  443 

Titanium  Pigment  Analysis  by  Reduction  Method.  Herman 

Skolnik  and  W.  M.  McNabb .  672 

Urea  Coating  Resins  Examined  Chemically.  J.  J.  Levenson,  Jr...  332 

( See  also  Enamel  and  Oils.) 

Paper  as  Cable  Insulation,  Microgravimetric  Determination  of  Ac¬ 
tive  Hydrogen  in  Oil  Deterioration  Products  from.  R.  N.  Evans, 

J.  E.  Davenport,  and  A.  J.  Revukas .  301 

Paper,  Photographic  Silver-Gelatin,  as  Reagent  in  Spot  Analysis. 

G.  Schwarz .  369 

Paraffins,  Analysis  of  Mixtures  of,  by  Raman  Spectra.  A.  V.  Grosse, 

E.  J.  Rosenbaum,  and  H.  F.  Jacobson .  191 

Paraffins,  Primary  Mononitro-,  Determined  Colorimetrically.  E.  W. 

Scott  and  J.  F.  Treon .  189 

Particle  Diameter  of  Powders,  Average  Measure  of.  Air-Permeation 

Apparatus.  E.  L.  Gooden  and  C.  M.  Smith .  479 
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and  G.  R.  Boyd,  Jr .  399 

Pentoses  Microdetermined  by  Quantitative  Method.  R.  E.  Reeves 

and  Jackson  Munro .  551 

Perchlorato  Cerate.  See  Cerate. 

Peroxide 

in  Gravimetric  Determinations.  Possible  Source  of  Error  in  Use 
of  Hydrogen  Peroxide  Followed  by  Nitron.  R.  C.  Young  and 

P.  M.  Bernays .  90 

Phosphate  Removal  from  Solutions  of.  S.  R.  Dickman  and  R.  H. 

Bray .  279 

in  Titanium  Determinations.  Stability  of  Peroxidized  Titanium 

Solutions.  G.  H.  Ayres  and  E.  jH.  Vienneau .  96 

Petroleum 

Acids,  from  Texas.  Separation  and  Characterization.  H.  G. 

Schutze,  Billie  Shive,  and  H.  L.  Lochte .  262 

Oils,  Copper  Microdetermination  in.  Titrimetric  Extraction, 

Using  Dithizone.  A.  G.  Assaf  and  W.  C.  Hollibaugh . .  .  695 

( See  also  Hydrocarbons  and  Lubricants.) 

Petroleum  Ether-Acetone  for  Continuous  Extraction  of  Aqueous 

Solutions.  M.  Wayman  and  G.  F.  Wright .  91 

Pharmaceuticals,  Lead  and  Thallium  Traces  Estimated  in,  by  Di¬ 
thizone  Limit  Test.  Karl  Bambach .  63 

Phenylurethans,  Alcohol  Identification  by  Optical  Properties  of.  B. 

T.  Dewey  and  N.  F.  Witt .  459 

Phosphate 

Detection  and  Elimination  in  Qualitative  Analysis  by  Zirconium 

Salts.  F.  K.  Pittman .  514 

Determination  by  Colorimetric  Method.  S.  R.  Dickman  and  R. 

H.  Bray . .  665 

Removal  from  Hydrogen  Peroxide  Solutions.  S.  R.  Dickman 

and  R.  H.  Bray .  279 

Phosphorus  Determination  in  Linseed  Oil  by  Oxygen  Bomb.  G.  T. 

Piercy,  E.  K.  Plant,  and  M.  C.  Rogers .  165 

Phosphorus,  Organic,  Determined  in  Soils.  R.  W.  Pearson .  198 

Photoelectric  Spectrophotometer.  See  Spectrophotometer. 


Photographic  Paper.  See  Paper. 

Pigments,  Carotenoid,  Melting  Point  Determination  of,  by  Micro¬ 
scope  Hot  Stage.  F.  P.  Zscheile  and  J.  W.  White,  Jr .  436 

Pigments.  Titanium  Dioxide  Evaluation  by  Reduction  Method. 

Herman  Skolnik  and  W.  M.  McNabb .  672 

Plant  Material 

Boron  Determination  in.  Ignition-Electrometric  Titration 

Method.  L.  V.  Wilcox .  341 

Carotene  Determination  in.  Dicalcium  Phosphate  as  Adsorbent. 

L.  A.  Moore .  726 

Chlorophyll  and  Carotene  Determined  in.  H.  G.  Petering,  W. 
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Glutamine  Determination  in.  G.  W.  Pucher  and  H.  B.  Vickery .. .  27 

Starch  Determination  in.  W.  Z.  Hassid,  R.  M.  McCready,  and 

R.  S.  Rosenfels .  142 

Tissues,  Chemical  Constituents  Localized  in,  by  Microelectro¬ 
graphic  Method.  Herman  Yagoda .  698 

Zinc  Microdetermination  in,  Using  Dropping  Mercury  Electrode. 

J.  F.  Reed  and  R.  W.  Cummings .  489 

Plating  Solutions  for  Brass,  Analysis  of  Free  Sodium  Cyanide  in. 

W.  M.  McNabb  and  Samuel  Heiman .  161 

Platinum  Metals,  Assay  for,  in  Ore  Concentrates.  John  Seath  and 

F.  E.  Beamish .  169 

Polarimeter,  Polarizing  Microscope  Adapted  for  Use  as.  Alexander 

Marion .  777 

Polarograph  with  Dropping  Mercury  Electrode.  E.  F.  Mueller.  .  .  .  171 

Polarographic  Measurements,  Condenser  for  Reducing  Galvanometer 

Oscillations  in.  J.  J.  Lingane  and  Herbert  Kerlinger .  750 

Polyalcohols.  See  Alcohols. 

Potassium 

Determination  with  Dipicrylamine  by  Photometric  Method. 

Elias  Amdur .  731 

Determination  in  Water  as  Potassium-Sodium  Cobaltinitrite 

Precipitate.  R.  J.  Robinson  and  J.  D.  Hauschildt .  676 

Microdetermination.  Cobaltinitrite  Precipitate  Evaluated  by 

Iodometric  Method,  Using  Ceric  Sulfate.  I.  A.  Kaye .  310 

Microdetermination  with  Cobaltinitrite,  Using  Ceric  Sulfate. 

Bernard  Klein  and  Mendel  Jacobi .  687 

Potassium  Sulfate  as  Filtration  Aid  in  Crude  Fiber  Determination. 

A.  M.  Neubert,  Fred  VanAmburgh,  and  J.  L.  St.  John .  451 

Powders,  Particle  Diameter  Measurement  of.  Air-Permeation 

Apparatus.  E.  L.  Gooden  and  C.  M.  Smith .  479 

Pressure  Regulator  for  Vacuum  Distillation.  M.  S.  Newman .  274 

Propane,  Liquid,  as  Solvent  for  Pentane-Soluble  Fraction  of  High- 

Temperature  Bituminous  Coal  Tar.  C.  S.  Kuhn,  Jr .  86 

Purdue  University’s  New  Chemical  and  Metallurgical  Engineering 

Building.  J.  L.  Bray .  375 

Pyrethrin  I,  Determination  of 

Investigation  of  Seil  Color  Reaction  in  Mercury  Reduction  Method. 

C.  S.  Sherman  and  Robert  Herzog .  136 

Linearity  of  Results  by  Mercury  Reduction  Method.  D.  A. 

Holaday  and  J.  J.  T.  Graham .  80 

Pyrex.  See  Glass. 

Pyridine,  Sulfur  Microdetermination  in,  as  Element.  Color  Test. 

Hermann  Sommer .  368 

Pyrogallic  Acid-Tannic  Acid  Method  for  Carbon  Monoxide  Deter¬ 
mination.  Adaptation  to  Standard  Gas  Analysis  Equipment. 

Fred  Cook .  661 

Q 

Qualitative  Semimicroanalysis,  Apparatus  for.  H.  H.  Barber .  58 

Quartz  Determination  in  Feldspar.  G.  H.  McIntyre  and  M.  Bozsin  326 
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Radio  Tube  Circuits,  New  Development  in  Thermionic  Relays  for. 

H.  M.  Waddle  and  Walter  Saeman.  (Correspondence;  Lee 

Nutting,  Walter  Saeman,  714) .  225 

Raman  Spectra.  See  Spectra. 

Rauscher's  Method.  See  Mercury. 

Reagent  Analytical  Chemicals,  Recommended  Specifications  for. 

A.  C.  S.  Committee,  W.  D.  Collins,  Chairman .  631 

(See  also  kind  of  reagent.) 

Recorders,  Automatic.  A  Review.  R.  H.  Muller . .  604 

Redox.  See  Oxidation-Reduction. 

Reductor,  Jones,  Modified  Form  of.  J.  E.  Edwards .  673 

Refractive  Index  of  Organic  Compounds,  Microdetermination  of. 

H.  K.  Alber  and  J.  T.  Bryant .  305 

Relay,  Electronic.  C.  E.  Rudy,  Jr.,  and  Paul  Fugassi .  757 

Relays,  Thermionic,  New  Development  in.  H.  M.  Waddle  and 
Walter  Saeman.  (Correspondence;  Lee  Nutting,  Walter  Saeman, 

714) . 225 

Resins,  Urea,  for  Coating  Compositions.  Chemical  Examination. 

J.  J.  Levenson,  Jr .  332 

Rhenium  Determined  Gravimetrical ly.  Possible  Source  of  Error 
in  Use  of  Hydrogen  Peroxide  Followed  by  Nitron.  R.  C.  Young 

and  P.  M.  Bernays .  90 

Rhenium  Determined  in  Molybdenite  Minerals.  C.  F.  Hiskey  and 

V.  W.  Meloche .  503 

Riboflavin.  See  Vitamins. 

Rocks,  Alkalies  Extracted  from.  Modification  of  J.  Lawrence  Smith 

Extraction,  Using  Barium  Chloride  as  Flux.  R.  E.  Stevens .  413 

Rohrig  Tube.  See  Extraction  Apparatus. 

Rotenone  Determination  in  Derris  Root.  T.  M.  Meijer  and  D.  R. 

Koolhaas . 205 

Rotenone,  Dihydrorotenone  Detected  and  Estimated  in  Hydrogena¬ 
tion  Products  of.  L.  D.  Goodhue  and  H.  L.  Haller .  652 

Rubber 

Carbon  Blacks  Evaluated  by  X-Ray  Diffraction.  G.  L.  Clark  and 

H.  D.  Rhodes . ;...  66 

Diarylamine  and  Ketone-Diarylamine  Antioxidants  Determined 
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Dynamic  Fatigue  Life  of.  S.  M.  Cadwell,  R.  A.  Merrill,  C.  M. 
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Vulcanization,  Low-Temperature  Set  as  Measure  of  State  of.  J.  H. 

Ruthenium  ^l  icrodeter  mi  nation  by  Thionaiide.  W.  J.  Rogers,  F.  E. 
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S.  and  O.  Reagent.  See  p-Nitrobenzeneazoresorcinol. 

SAfor  Bismut^'ffine,  and  Vanadium  Precipitation.  J.  F.  Flagg  and 

and  5^ChlOTom3n5-Dibromo',  and  5-Nitro 'Derivatives  of.  Qualita¬ 
tive  Reactions  with  Inorganic  Ions.  J.  F.  Jlagg  and  JN.  tl.  ^ 

I  r  on11  D  etermi  n  at  ion  with,  by  Colorimetric  Spectrophotometric 

Method.  D.  E.  Howe  with  M.  G.  Mellon .  448 

Saturator  for  GaBes,  in  Compact  Form  A.E.  Markham .  ....  ■■  •  112 

Saturator  for  Gases,  Versatile  Type  of.  W.  R.  Rinelli  and  K.  S. 

Willson .  . . .  049 

Saybolt  Viscometer.  See  Viscosity  Apparatus.  _  ,  a 

Selenate  Determination  by  Volumetno  Method.  G.  C.  Soth  and 
J.  E.  Ricei . 

^Determi nation  in  Sulfite  Solutions.  R.  C.  Shaver  and  C.  R. 

McCrosky . ••••••  •■••■• .  R.7 

Kjeldahl  Digestion  Affected  by.  R.  B.  Bradstreet  .  out 

Microtitration  in  Urine.  Grant  Wernimont  and  F.  J.  Hopkinson.  .  308 

Sewage.  Biochemical  Oxygen  Demand  and  Dissolved  Oxygen  of 
River  Mud  Suspensions  Determined.  C.  C.  Ruchhoft  and  W.  A. 

Moore . 

Shaker.  See  Agitators. 

^Determination  in  Cement,  as  Precipitate  with  R2O3.  L.  R.  Daw- 

son  and  R.  V.  Andes . .  ■  -  •  •  •  •  •  ■  •  •  •  • 

Determination  by  Silicomolybdate.  H.  W.  Knudson,  C.  Juday, 

and  V.  W.  Meloche .  ..................  27U 

Precipitates  Corrected  for  Nonvolatile  Material  after  Ignition. 

J.  S.  Billheimer,  P.  H.  Faust,  and  E.  H.  Swift .  409 

Silicates,  Beryllium  Determination  in.  E.  B.  Sandell . . .  674 

Silicomolybdate  for  Silica  Determination.  H.  W.  Knudson,  Chancey 

Juday,  and  V.  W.  Meloche . .  . . 

Silver-Gelatin  Photographic  Paper  as  Reagent  in  Spot  Analysis.  G. 

Silver ^Reduc'tor  for  Iron  Miorodetermination.  S.  M.  Edmonds  and 

Nathan  Birnbaum . •  . . . .  •  •  . . ° 

Silver  Reduotor  for  Uranium  and  Copper  Determination.  INatnan 

Birnbaum  and  S.  M.  Edmonds . . . ■  •  •  •  ■  vg  '  v . 

Slide  Rule  for  Water  Technology  Calculations.  A  A.  Hirsch.  .  .  .  .  542 

Sludge  Determination  in  Oils  for  Motors,  after  Use  or  Oxidation. 

C.  G.  Ludeman . .  ...  ■  •  •  ■■.■■■■■  ■  •:  •  ■  '  V  '  >  0  U 

Soaps,  Water  Determination  in,  by  Distillation  Method.  Direct  or 

Glycerol.  R.  B.  Trusler . 

Sodium  Determination  in  Presence  of  Other  Metals.  E.  C.  Elliott  416 
Sodium  Microdetermination  in  Biological  Fluids.  M.  G.  Darnell, 

Jr.,  and  B.  S.  Walker . ■ . . vy 

Sodium  Cyanide  Determination  in  Brass  Plating  Solutions.  VV.  !Vi. 

McNabb  and  Samuel  Heiman . .  .  .  .  ...  .  . . •  ■  ■  •  l-  ■  ■ 

Sodium  Thiosulfate  Solution  Prepared  in  Stable  Form.  J.  L.  Kass- 

ner  and  E.  E.  Kassner .  000 

^  °Base-Exchange  Capacity  Determined  in,  by  Colorimetric  Man- 

ganese  Method.  C.  A.  Bower  and  Emil  Truog .  411 

Organic  Phosphorus  Determined  in.  R.  W.  Pearson.  •  198 

Unsaturated,  Exchangeable  Hydrogen  Determined  in,  by  Potentio- 

metric  Method.  K.  A.  Maehl . . . ;••••' 

Solder.  Tin  Ion  Oxidation  Prevented  by  Solid  Carbon  Dioxide. 

G.  E.  Ferguson  and  Leopold  Scheflan.  . .  4/0 

Solution  Storage,  Mercury-Sealed  Vessels  for.  F.  E.  Holmes.  ..  .  •  ■  4-o 

Specific  Gravity  Determinations.  Reduction  of  Specific  Gravity  at 
25°/25°  C.  to  Density  at  Any  Temperature  from  0  to  40  G. 

Dreisbach  . . . . . .  ^ 

Specific  Gravity  Microdetermination  for  Organic  Compounds.  H.  K. 

Alber . . >>.' 

Specifications  for  Fat  and  Oil  Analysis.  A.  C.  S.  Committee,  V.  C. 

Mehlenbacher,  Chairman -  ......... - •  •  -  •  •  •  •  -  •  •  ■ 

Specifications  for  Reagent  Analytical  Chemicals.  A.  L.  b.  tom- 

mittee,  W.  D.  Collins,  Chairman . . . •  •  •  ■  0,51 

Spectra,  Raman,  for  Parafl&n  Identification  in  Mixtures.  A.  V. 

Grosse,  E.  J.  Rosenbaum,  and  H.  F.  Jacobson .  iyi 

Spectrography  _  .  ,T7  n  -r,. _ 

Graphite-Electrode  Arc  for  Qualitative  Analysis.  W.  C.  Pierce, 

O.  R.  Torres,  and  W.  W.  Marshall.  ..............  .  ..  •  : . 

Iron  Arc  as  Standard  Source  for  Analysis  in.  Morris  Slavin.  .  .  .  .  loi 
for  Quantitative  Analysis  of  Dilute  Solutions.  Safe  Alternating 
Current  High-Voltage  Arc  Circuit.  A.  E.  Ruehle  and  E.  Iv. 

Quantitative  Analysis  by  Measurement  of  Relative  Intensities. 

E.  K.  Jaycox  and  A.  E.  Ruehle . .  90 

Solution  Method  of  Analysis  Utilizing  a  Dropping  Electrode.  ft. 

J.  Keirs  and  D.  T.  Englis . .  •  •  •  •  "  ° 

Spectrophotometer,  Abridged,  with  Wedge  of  Neutral  Glass.  P.  A. 

Clifford  and  B.  A.  Brice . . .  •  •  ■  •  •  yy  .  •  '  i  ° 

Spectrophotometer,  Photoelectric,  of  Null  Type.  C.  J.  Barton 

and  J.  H.  Yoe . . .•  •  •  -  ,  lw> 

Spheres,  Microscopic  Glass,  Preparation  of.  C.  R.  Bloomquist  and 

A.  Clark . .  '  Dl 

Spot  Analysis,  Photographic  Silver-Gelatin  Paper  as  Reagent  in. 

G.  Schwarz . ••••••••• . :  db9 

Standard  Oil  Company  of  California,  New  Research  Laboratory  ot. 

R.  A.  Halloran . 

Alkali-Lability  Determination  of.  T.  J.  Schoch  and  C.  C.  Jensen. .  531 

Determination  in  Plants.  W.  Z.  Hassid,  R.  M.  McCready,  and  R. 

S.  Rosenfels . 

-Iodide  for  Ozone  Analysis.  C.  E.  Thorp .  ft. 

Pasting  and  Identification  of.  W.  L.  Morgan . 

Copper  Determination  in,  by  Electrolytic  Method.  H.  A.  Frediani 

andC.  H.  Hale . ■  ■•••  • . 

Copper  Determination  in  Ferromolybdenum  or  Molybdenum 

Steels  by  a-Benzoin  Oxime.  Louis  Silverman .  343 


18-8  Alloy.  Manganese,  Chromium,  and  Nickel  Determinations 
by  Rapid  Sequence  Titration.  Louis  Silverman  and  Owen 

Gates .  518 

Molybdenum  Determination  in.  Calvin  Sterling  and  W.  P. 

Spuhr . . . .  ,32 

Oxygen  Determination  in.  Louis  Singer .  1  - ' 

Still.  See  Distillation  Apparatus. 

Stirrer.  See  Agitators.  .  T  _  ..  in 

Stoppers  of  Rubber  Removed  When  Adhered.  A.  J.  Bailey.  (Cor- 

respondence,  224) . . . .  ...  .  ■  . . . 

Sublimation,  Accelerated,  for  Organic  Compound  Purification.  A. 

J  Bailey . 

Sugars,  Microscopic  identification  of.  J.  A.  Quense  and  W.  M.  _ 

Sulfate  Determination  by  Tetrahydroxyquinone.  Effect  of  Sodium 

Sulfite  and  Procedure  for  Its  Elimination.  H.  L.  Kahler.  .  .  ......  3bb 

Sulfate  Microdetermination  from  Organic-Compound  Combustion. 
Tetrahydroxyquinone  as  Indicator  in  Volumetric  Method.  L.  T. 

Hallett  and  J.  W.  Kuipers .  •:ib0 

Sulfide  Sulfur.  See  Sulfur.  .  .  '  „  „ 

Sulfite  Determination  in  Selenium-Containing  Solutions.  K.  G. 

Shaver  and  C.  R.  McCrosky . . 

Sulfur 

Determination  _  .  .  _10 

in  Coal  and  Coke.  H.  L.  Brunjes  and  M.  J.  Manning .  718 

in  Evolution  Apparatus.  R.  S.  Gibbs  and  F.  B.  Clardy .  o3o 

as  Mercaptan  in  Gases  and  Aqueous  Solutions.  J .  A.  ohav?. .  .  .  bb» 
of  Organic  Sulfur  in  Combustible  Gas.  F.  M.  Rogers  and  R.  I . 

Baldaste .  .............  •  •  •  ■  •  •  •  ■  ■  •  ■  724 

of  Sulfide  Sulfur  in  Alkaline  Solutions  Containing  Other  Sulfur 

Compounds  (Correspondence).  J.  B.  Lewis .  o35 

Microdetermination  j 

by  Carius  Method.  J.  B.  Niederl,  H.  Baum,  J.  S.  McCoy,  and 

J.  A.  Kuck . .  428 

in  Organic  Compounds.  E.  W.  D.  Huffman. . . . -• 

in  Organic  Compounds.  Absorption  Apparatus  for  Use  with 

Combustion  Method.  L.  T.  Hallett  and  J.  W.  Kuipers.  .  .  .  .  .  3o 
in  Pyridine  and  Other  Solvents,  in  Elementary  Form  by  Color 

Test.  Hermann  Sommer . ;• 

Naphtha  Corrosion  Tests  Affected  by  Sulfur  and  Sulfur  Compounds. 

L.  M.  Henderson,  M.  S.  Agruss,  and  G.  W.  Ayers,  Jr .  i 

Removal  from  Glassware.  H.  S.  Wilson .  410 

Supersonic  Oscillator.  B.  H.  Porter . 

Surface-Active  Agents  .  .  ,  ,  n  , 

of  Cationic  Trivalent  Nitrogen  Type,  Analysis  of.  Ralph  Hart.  ^ 

Gli^Appamtu^Cleaned  with  Wetting' Agents.  '  W.  H.  White !  .' !  550 

Laboratory  Uses  for.  C.  M.  Alter  and  D.  S.  Thomas,  Jr .  525 

T 

Tanks  for  Gases  under  Low  Pressure,  Portable  Type  of.  G.  R. 

jP  l30rtsori  .  ,  .  .  .  OoO 

Tannic  rASc°id-Pyrogallic  Acid  Method  for  Carbon  Monoxide  Deter¬ 
mination.  Adaptation  to  Standard  Gas  Analysis  Equipment. 

Tarrfrom°°Coai.' '  Solvent  'Action  of  Liquid  Propane  on  Pentane- 
Soluble  Fraction  of  High-Temperature  Bituminous  Coal  Tar.  G. 

S.  Kuhn,  Jr . 

T  Apparatus  and  Instruments  for  Production,  Measurement,  and 

Control  of.  R.  H.  Muller .  ■  •  ■  •  .  ?22 

Control  Units  for  Heating  Elements.  J.  A.  Riddick  .  ;  ( _  ~22 

Cryostat  for  Maintaining  the  Range  —35  to  +25  G.  Automati 

Lowl’p'rod ucUon^°fPerH. ' L.'  Wikoff ]  B.  R.  Cohen;  and  m!  L  Gross- 

Low? Thermometer  for.'  '  A.  Farkas  and  L.  Farkas .  . .  .  -  •  ■■•••••  29® 

Thermocouple  Assembling  by  Fiberglas  Sleeving.  H.  M.  Trimble  o2 

Ternary  Liquid  Systems,  Tie  Lines  in.  Irvin  Bachman.  .........  58 

Ternary  Systems  with  Two  Liquid  Phases,  Tie  Lines  in.  A.  V. 

Brancker,  T.  G.  Hunter,  and  A.  W.  Nash.  . . .  .  .  •  ■  •  •  • 

Tetrahydroxyquinone  in  Sulfate  Determination.  Effect  of  Sodium 
Sulfite  and  Procedure  for  Its  Elimination  H,  L  Kahler  .  -  •  •  • 
Tetrahydroxyquinone  in  Sulfate  Microdetermination,  f rom  Com- 

bustionof  Organic  Compounds.  L .  T .  Hallett  and  J  W.  Kuipers  360 
Thallium  Estimation  in  Pharmaceutical  Chemicals  by  Dithizone 

Limit  Test.  Karl  Bambach . 

Thermionic  Relays.  See  Relays. 

Thermocouple.  See  Temperature. 

Thermometer.  See  Temperature.  riovirl  Hirt  and 

Thiocyanate  Detection  by  Systematic  Method.  David  Hart  and  ^ 

Robert  Meyrowitz . .  ........ ...  .  . .  . .  .  ■  •  ■  ■■■■■•■■■ 

Thionaiide,  Ruthenium  Microdetermination  by.  W.  J.  Kogers, 

Thiprium  Nitrate,  Fluorine  Determination  by  Amperometnc  iitra 

Thyroid,  Iodine  Determination  in.  Elimination  of  Uncertain  End 

Point  and  Blank  in  U.  S.  P.  XI  Assay.  R.  S.  Burnett  and  R.  F.  ^ 

Warkow . 

Tie  Lines.  See  Charts.  r  r 

Time,  Apparatus  and  Instruments  for  Measurement  of.  R.  H.  ^ 

Ti^ue^Lead  Determination' in,  by  Colorimetric  Diphenylcarbazide 

Method  T.  V.  Letonoff  and  J.  G.  Remhold . . “ 

Tissues  of  Plants  and  Animals,  Chemical  Constituents  Localized  in,  by 
Microelectrographic  Method.  Herman  kagoda.  ..  .  .  .  ■  •  ••  •  - 

Titanium  Peroxidized  Solutions,  Stability  of.  G.  H.  Ayres  and  l  . 

TitaniumnnDh«ide '  Evaluation  '  by  Reduction  Method.  Herman  ^ 

Skolnik  and  W.  M.  McNabb.  .  14 

Titration  Blanks,  Computation  of.  F.  W.  Glaze .  536 

Titrimeter,  Electron-Ra^  Type  of.  E.  J.  Serf  ass.  .  473 

Tongs  for  Combustion  Boat,  New  Design  of.  H.  I' ..  Priest.  ■•••••■ 
Triethanolamine,  Copper  Determination  by  Colorimetric  Metho 
with.  J.  H.  Yoe  and  C.  J.  Barton . . •  •  . 

Triton  F.  See  Dimethyl  Dibenzyl  Ammonium  Hydroxide. 

Tubes,  Sealable,  for  Microabsorption.  A.  N.  Prater .  ° 

Tubing,  Glass,  Hot  Wire  Cutter  for.  A.  A.  Hirsch  ■••••••  •  '  J  ’ 

Tung  Oil.  Wijs  Iodine  Numbers  for  Conjugated  Double  Bonds. 

W.  C.  Forbes  and  H.  A.  Neville . . .  •  •  •  •  •  •  •  /y  •  •  •  •  •  \ 

Tungsten  Determination  by  Volumetric  Method.  M.  L.  Holt  and  ^ 
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